E = AIMS Medical Science, 10(1): 80-106.
AIMS Medical Science DOI: 10.3934/medsci.2023008
Received: 04 September 2022

Revised: 02 March 2023

Accepted: 14 March 2023

Published: 30 March 2023

http://www.aimspress.com/journal/medicalScience

Research article

Quality evaluation of digital voice assistants for diabetes management

Joy Qi En Chial, Li Lian Wong' and Kevin Yi-Lwern Yap?3*

1 Department of Pharmacy, Faculty of Science, National University of Singapore, Block S4A, Level

2, 18 Science Drive 4, Singapore 117543, Singapore

Department of Pharmacy, Singapore General Hospital, SingHealth Tower, 10 Hospital Boulevard,

Lobby A, Level 9, Singapore 168582, Singapore

3 Department of Public Health, School of Psychology and Public Health, La Trobe University,
Melbourne (Bundoora), Victoria 3086, Australia

* Correspondence: Email: kevin.yap.y.l@sgh.com.sg, k.yap@]latrobe.edu.au.

Abstract: Background: Digital voice assistants (DVAs) are increasingly used to search for health
information. However, the quality of information provided by DVAs is not consistent across health
conditions. From our knowledge, there have been no studies that evaluated the quality of DVAs in
response to diabetes-related queries. The objective of this study was to evaluate the quality of DVAs
in relation to queries on diabetes management. Materials and methods: Seventy-four questions were
posed to smartphone (Apple Siri, Google Assistant, Samsung Bixby) and non-smartphone DVAs
(Amazon Alexa, Sulli the Diabetes Guru, Google Nest Mini, Microsoft Cortana), and their responses
were compared to that of Internet Google Search. Questions were categorized under diagnosis,
screening, management, treatment and complications of diabetes, and the impacts of COVID-19 on
diabetes. The DVAs were evaluated on their technical ability, user-friendliness, reliability,
comprehensiveness and accuracy of their responses. Data was analyzed using the Kruskal-Wallis and
Wilcoxon rank-sum tests. Intraclass correlation coefficient was used to report inter-rater reliability.
Results: Google Assistant (n = 69/74, 93.2%), Siri and Nest Mini (n = 64/74, 86.5% each) had the
highest proportions of successful and relevant responses, in contrast to Cortana (n =23/74, 31.1%) and
Sulli (n = 10/74, 13.5%), which had the lowest successful and relevant responses. Median total scores
of the smartphone DVAs (Bixby 75.3%, Google Assistant 73.3%, Siri 72.0%) were comparable to that
of Google Search (70.0%, p = 0.034), while median total scores of non-smartphone DVAs (Nest Mini
56.9%, Alexa 52.9%, Cortana 52.5% and Sulli the Diabetes Guru 48.6%) were significantly lower (p
<0.001). Non-smartphone DVAs had much lower median comprehensiveness (16.7% versus 100.0%,
p < 0.001) and reliability scores (30.8% versus 61.5%, p < 0.001) compared to Google Search.
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Conclusions: Google Assistant, Siri and Bixby were the best-performing DVAs for answering
diabetes-related queries. However, the lack of successful and relevant responses by Bixby may
frustrate users, especially if they have COVID-19 related queries. All DVAs scored highly for user-
friendliness, but can be improved in terms of accuracy, comprehensiveness and reliability. DVA
designers are encouraged to consider features related to accuracy, comprehensiveness, reliability and
user-friendliness when developing their products, so as to enhance the quality of DVAs for medical
purposes, such as diabetes management.

Keywords: diabetes mellitus; digital voice assistants; quality evaluation; accuracy;
comprehensiveness; reliability; technical ability; user-friendliness

1. Introduction

Digital voice assistants (DVAs) are gaining popularity after Siri, the first smartphone virtual
assistant, was launched in 2011 [1]. Common smartphone DVAs include Google Assistant, Apple Siri
and Samsung Bixby, while non-smartphone DVAs include smart speakers, such as Amazon Alexa and
Google Nest Mini, and the laptop-based Microsoft Cortana [1]. DVAs are increasingly becoming part
of peoples’ everyday lives and they can assist in various tasks, such as receiving reminders, making
phone calls, sending messages, finding locations (e.g. businesses, restaurants) and answering questions,
among others [2]. In 2020, ~24% of Americans (~60 million people) owned a smart speaker [2]. It is
forecasted that 8.4 billion people worldwide will use DVAs by 2024 [3]. A previous survey in over
5,000 consumers in the US, UK, France and Germany reported that 52% of respondents preferred
using DVAs over websites or apps because it was more convenient and 48% valued its hands-free
function, which allowed them flexibility to multi-task [4].

DVAs have been increasingly used for healthcare purposes. As of 2019, one-in-13 people in the
US used DVAs for health-related matters, such as asking about illness symptoms, medication-related
information, as well as seeking the location of healthcare providers and care facilities, among
others [5]. However, the quality of health-related information provided by DVAs were
inconsistent [6—8]. Studies showed that DVAs were limited in their ability to advise on lifestyle and
safety-critical prompts [9], provided inconsistent and incomplete responses to mental health, physical
health and interpersonal violence-related queries, and were unable to recognize emergency situations
that required referral [10]. In fact, there was also a possibility that the responses provided by DVAs
could result in harm or death [11].

Studies in recent years have focused on the use of DVAs for the management of chronic diseases,
since DVAs can be easily accessed through personal devices and are available 24 hours a day [12].
According to the World Health Organization, diabetes is a chronic condition that has affected 422
million people worldwide [13]. In fact, the World Health Organization’s Global Diabetes Compact
launched at the Global Diabetes Summit 2021 aims to focus efforts on reducing the risk and burden of
diabetes, as well as increase access to affordable and quality treatment internationally [14]. In
Singapore, over 400,000 citizens are living with diabetes and this number is projected to increase to
nearly one-fifth of its population (over one million people) by 2050 [15]. As a result, the Singapore
government declared a War on Diabetes in 2016 to rally a nationwide effort to reduce the diabetes burden
in its population [15]. The COVID-19 pandemic has seen an increase in the adoption of DVAs [2].
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In addition to the common smartphone, smart speaker and laptop-based DVAs that provide
general and health information, diabetes-specific DVAs have also been developed by third-party
organizations, which can be accessed by Google Assistant and/or Alexa [16,17]. Users have the option
to harness the skills of Alexa and Google Assistant to track their blood glucose levels [18—20], ask for
diabetes management tips [21,22], or answer their diabetes-related questions [21,23-25]. In particular,
Sulli the Diabetes Guru (which shall henceforth be referred to as Sulli), is a diabetes-specific DVA that
is available for patients with Type 2 diabetes through both Google Assistant and Alexa [26]. The
advancement in DVAs can potentially aid users manage their pre-diabetes and diabetes conditions
through lifestyle changes and therefore, ease the healthcare burden in hospitals [27,28].

To our knowledge, there have been no studies that evaluated the use of DVAs for diabetes
management. The closest research that we could find were evaluation studies on a prototyped Alexa
skill and mobile applications with DVA integration for diabetes self-management [29-31]. Hence, the
objective of this study is to evaluate the quality of commonly available DVAs and a diabetes-specific
DVA (i.e. Sulli) in terms of their technical ability, user-friendliness, accuracy, comprehensiveness and
reliability of their responses to diabetes-related queries. The purpose of evaluating the reliability and
accuracy of the DVAs is to ensure that users are not misinformed by the DVA responses and can trust
the information provided, while evaluation of their comprehensiveness and user-friendliness can
ensure that the information is sufficiently adequate and tailored to the level of understanding of the
general public. Internet Google Search (which shall be referred to as Google Search) was evaluated as
a comparison due to its widespread use [32].

2. Materials and methods
2.1. Definition of quality

Following the quality definition for online drug databases described by Yap and colleagues [33],
the quality of DVAs in this study was defined as the level of excellence which characterizes the DVAs
in terms of its ability to satisfy the diabetes-related queries of the users. There are many quality tools,
such as the Health on the Net Foundation Code of Conduct (HONcode) [34], DISCERN [35,36],
Quality Evaluation Scoring Tool (QUEST) [37] and the Patient Education Materials Assessment Tool
(PEMAT) [38], which have been developed to evaluate the quality of health information on the internet
and audio/visual materials. However, these tools do not assess the technical abilities of DVAs and may
also contain criteria that are not applicable to the DVAs. Hence, the evaluation rubric used in this study
was adapted from Goh et al. [8], who had evaluated COVID-19 information provided by DVAs (Figure
1). The rubric was refined based on the criteria in QUEST [37] and PEMAT tools [39], the MedlinePlus
tutorial guide from the US National Library of Medicine [40] and a study which evaluated COVID-19
vaccine information on video-sharing platforms [41]. The rubric was refined for suitability for
evaluation of diabetes-related information.

2.2. Development of the quality assessment rubric
The rubric comprised of 5 quality parameters: technical ability, user-friendliness, reliability,

comprehensiveness and accuracy (Figure 1). For technical ability, the DVAs were scored based on the
number of attempts needed before they recognized the question and generated a successful response
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(comprehension ability). The responses were considered unsuccessful if the DVAs replied with “Sorry,
I didn’t understand that”. The DVAs were also assessed on the number of words transcribed wrongly
or missing (transcribing ability) and whether the responses were relevant or not (searching ability).
The evaluation would end if the DVAs did not provide successful responses after 3 attempts or if the
responses were irrelevant.

For user-friendliness, the responses of the DVAs were assessed based on whether they were
presented in common, everyday language (ease of understanding) and if a web search was provided,
whether it was easy to obtain the answers (navigability).

For reliability, the DVAs were scored based on how updated the responses were (updatedness),
whether the responses were biased or unbiased (biasness), whether name(s) and qualification(s) of the
author/reviewer(s) were provided and if they were qualified to write on the topic (authorship).
Author/reviewers were considered qualified if they were medical experts. The DVAs were also
assessed on whether there were advertisements present (transparency), and if the answer source and
reference were trustworthy (credibility). Credibility was assessed according to a 3-tier system. Tier A
included sites of recognized health authorities (e.g., World Health Organization (WHO) and American
Diabetes Association (ADA)), Tier B included individuals/sites with medical expertise (e.g.,
WebMD/expert opinions) and Tier C included individuals/sites without medical expertise or sites with
commercial backing. The presence of a disclaimer stating that the information should not be used to
substitute medical advice was also assessed (disclaimer).

Comprehensiveness of the DVA responses were scored by calculating the proportion of points
provided by the DVAs in relation to our compiled answer sheet (Appendix 1). The points provided by
the DVAs were subsequently assessed for accuracy by comparing how exactly it matched the
corresponding points in the answer sheet. The answer sheet was reviewed by one of the authors (JC)
and then reviewed and discussed by the other authors (LLW, KY). A pilot test was conducted by 2
independent evaluators (WLC, AC) on a Samsung Bixby with at least 2 questions from each question
category to ensure understandability of the rubric. Feedback was compiled from the pilot test, and
questions and parts of the rubric that were unclear to the evaluators were discussed among the authors
and rephrased for clarity. The final quality assessment was performed by 3 independent evaluators who
were not involved in the pilot test (JC, AP, SN).
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How many attempts do you need before the VA recognises the question and g a ful r ? (C ability)
: ¥ v
3 points — 1 time 0 point —More than 3 times Stop the evaluation
2 points — 2 times
1 point — 3 times
: v
i | For the st ful r bsite provided, how many words are transcribed wrongly or are missing? (Transcribing ability)

2 points — 0 words
1 point — 1 to 2 words
0 point — 3 or more words

v

Is the VA response/website relevant to what is being asked? (Searching ability)

1 point - Yes

0 point —No Stop the evaluation

A4

s the VA r dated? (L

What proportion of information in the

For guestion.s NOT related to l(-ZOVID-19:
2 points — Dated or last updated < 1 year.

answer sheet is provided by the VA
response/website?
(Comprehensiveness)

2 points — > 67%

1 point — 33 - 67%

0 point —<33%

years.

Uncertain/ No date was stated

1 point — Dated or last updated >1 year but <5

0 point — Dated or last updated > 5 years/

For questions related to COVID-19:

2 points — Same date or a more recent date
compared to the answer sheet.

1 point — An earlier date compared to the
answer sheet.
0 point — Uncertain/ No date was stated

I

Are the points in the VA Is the view pr

)

biased? (Bi
response/website accurately matching
the corresponding points in the answer
sheet? (Accuracy)

2 points — Fully accurate (i.e. all points are

user of the author's personal opinion)

1 point — Not biased (Content is from an objective point of view/ does not sway or convince the

0 point — Biased (Content is from the author’s subjective point of view/ attempts to sway or
convince the user of the author’s personal opinion)

correct)
1 point — Partially accurate (i.e. contains at

|

least 1 incorrect point)
0 point — Totally inaccurate (i.e. all points
are incorrect)

T on the topic (i.e. expert in the field)

Is the content in the VA
response/website presented in common,

not an expert in the field)

Are the authors/reviewers’ name(s) and qualification(s) clearly stated? (Authorship)
2 points — Name(s) and qualification(s) explicitly stated AND author/ reviewer is qualified to write

1 point — Either the name(s) or qualification(s) explicitly stated OR Both the name(s) and
qualification(s) explicitly stated but the author/reviewer is not qualified to write on the topic (i.e.

0 point — Name(s) and qualification(s) not explicitly stated/ not stated

everyday language? (Ease of
Understanding)

!

1 point — Absence of/minimal use of jargons
OR Jargons present are explained in

Are there any advertisements in the VA response/website provided? (Transparency)

common, everyday language 1 pofnt —No
0 point — Extensive use of jargons 0 point —Yes

l v

How credible is the VA response/website and the reference citations? (Credibility)®

When applicable, is it easy to obtain the : Reference Cited
answer? (Navigability; Only for H Answer Source Tier A Tier B Tier C or No Reference Present :
Websites) Tier A 5 4 4 :
1 point — Yes (Clear headings/ TierB 3 2 1 :
organisation) , Tier C or Answer
0 point — No (Lack of headings/ poor Source not explicitly 2 1 0
organisation) stated

NA — Not Applicable

I

When app
(Disclaimer)

is there a di

0 point — No
NA — Not Applicable

that the information provided is not a substitute for the advice of a healthcare professional?

2 points - Yes. It is stated explicitly (i.e. the information provided is not medical advice/ a substitute for medical advice)
1 point — Yes, but it is not stated explicitly (i.e. advised the user to seek healthcare professional advice)

2Tier A: Sites of Recognised Authorities

- International or local government websites (e.g.
Health)

- Recognised authorities that develop health guidelines (e.g. American Diabetes American Heart i

- Peer-reviewed scientific journals (e.g. Journal of the American Medical Association, The Lancet, Diabetes Care) or Research papers

Diabetes ation, World Health O

- Websites of hospitals, medical centers, healthcare clusters or medical schools (e.g. National University Hospital, Mayo Clinic, Cleveland Clinic, SingHealth, Harvard Health)

- Sites that i ion to
- Medical textbooks (e.g. Harrison's Principles of Internal Medicine)

(e.g. UpToDate,

U.S. Centers for Disease Control and Prevention, U.K. National Health Service, Singapore Ministry of

“For blogs published in Tier A sources, if there is a disclaimer stating that the opinion of the author is representative of the organisation, consider it under this Tier. If there is no disclaimer or the opinion is solely

representative of the author, consider it in Tier B if it's written by experts, and Tier C if it's written by non-experts.

Tier B: Individuals or sites with medical expertise

- Sites with medical expertise that provide health information (e.g. WebMD, Healthline)

- Expert Opinions

- Charity/ Non-Profit/ Non-Government organisations that provide health support or research findings (e.g. Diabetes.co.uk, Diabetes UK)

*For blogs published in Tier B sources written by non-experts: If there is a disclaimer stating that the opinion of the author is representative of the organisation, consider it under this Tier. If there is no disclaimer or the

opinion is solely representative of the author, consider it under Tier C.

“For blogs published in Tier B sources written by experts: Regardless of whether there is a disclaimer stating that the opinion of the author is representative of the organisation, consider it under this Tier.

Tier C: Indivie sites wit i i with

- Media sites (e.g. The Guardian, CNN)

- Pharmaceutical Companies (e.g. Dexcom, Accu-Chek)

- Charity/ Non-Profit/ Non-Government organisations that are not primarily known for providing health information
- Social media sites (e.g. Facebook)

- Computational knowledge engine (e.g. Wolfram alpha)

- Wikipedia

*For blogs published in Tier C sources, regardless of whether there is a disclaimer stating that the opinion of the author is representative of the organisation, consider itin Tier B if it's written by experts, and Tier C if it's

written by non-experts.

Figure 1. Quality evaluation rubric for DVAs.
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2.3. Compilation of questions on diabetes

Seventy-four questions were collated from Google Trends, AnswerThePublic.com, and the
frequently-asked questions (FAQ) sections of government health websites [42,43] from 11 Jul 2021 to
30 Aug 2021. Google Trends and AnswerThePublic.com were used as the former website provided
samples of actual Google searches [44], while the latter consolidated autocomplete data from Google
and Bing [45]. The questions were organized into 6 categories: “General Diabetes Information”,
“Diabetes Diagnosis and Screening”, “Diabetes Self-management”, “Diabetes Treatment”, “Diabetes
Complications” and “COVID-19 and Diabetes”. For each category, some search trend data phrases
were rephrased to be presented as questions to the DVAs. Answers were compiled from health websites
from the US [46-50], United Kingdom (UK) [51,52], Australia [53,54], and Singapore [55,56],
together with their clinical guidelines [57—61]. The questions and answers were reviewed by a
community pharmacist to ensure accuracy of the information and relevance to the public.

2.4. Evaluation of the DVAs

The smartphone DVAs evaluated were Apple Siri (accessed via iPhone 6S, 10S 14.7.1), Google
Assistant and Samsung Bixby (both accessed via Samsung Galaxy Note 9, Android 10). The smart-
speaker DVAs evaluated were Amazon Alexa and Sulli (both accessed via Amazon Echo Dot 2nd
Generation) and Google Nest Mini. The laptop DVA evaluated was Microsoft Cortana (accessed via a
Windows laptop).

Three evaluators (JC, female, AP, female and SN, male) independently assessed the DVAs using
the same devices from 30 Aug 2021 to 22 Sep 2021 in Singapore. Factory reset of the smartphones
and smart-speakers, creation of new accounts and reset of search history were conducted before each
DVA evaluation to ensure depersonalization of search results. The device language was set as English
(US) and the location function was disabled. For the smartphone and laptop DVAs, the verbal
responses and first non-advertisement web result were evaluated. One of the evaluators (JC) conducted
the Google Search as the comparison (https://www.google.com.sg/).

2.5. Statistical analysis

The average score of the 3 evaluators was calculated and converted into percentages.
Kolmogorov-Smirnov Test (for n > 50) or Shapiro-Wilk Test (for n < 50) was used to assess normality
where applicable. Medians and interquartile ranges (IQRs) were used to describe the quality parameter
scores and total quality scores of the DVAs. Kruskal-Wallis test was used to compare the quality
parameter scores and total quality scores among the DVAs. Chi-Square and Wilcoxon Rank-Sum tests
were used to compare the percentages of successful and relevant responses, quality parameters scores
and total quality scores of COVID-19 and non-COVID-19 related questions. Wilcoxon Signed-Rank
and Paired-Samples t-tests were used to compare the verbal-only responses of Google Assistant and
Bixby with their verbal and web responses. Wilcoxon Rank-Sum test with Bonferroni adjustment was
used for post-hoc analyses. Inter-rater reliability for each quality parameter and the total quality score
was calculated using the Intraclass Correlation Coefficient (ICC). Data analysis was conducted using
the Statistical Package for Social Sciences (SPSS) Version 27 and p < 0.05 was considered as
statistically significant.

AIMS Medical Science Volume 10, Issue 1, 80-106.
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3. Results

On average, Siri returned mostly web results (n = 70/74, 94.6%), while Google Assistant (n =
66/74, 89.1%) and Bixby (n =43/74, 58.1%) mostly returned verbal replies with web results (Table 1).
Google Assistant (n = 69/74, 93.2%) had the highest average percentage of successful and relevant
responses, followed by Siri and Nest Mini (n = 64/74, 86.5% each), while Cortana (n = 23/74, 31.1%)
and Sulli (n = 10/74, 13.5%) had the lowest average percentage of successful and relevant responses.
Cortana was unable to comprehend more than half of the questions (n = 43/74, 58.1%) and mostly
responded with “Sorry I don’t know the answer to this one”, while Sulli provided irrelevant answers
majority of the time (n = 62/74, 83.8%).

Table 1. Technical ability of the DVAs.

Smartphone DVAs Non-smartphone DVAs
Smart-speaker DVAs Laptop DVA
Google Apple Siri Samsung Google Nest  Amazon Sulli the = Microsoft Cortana
Assistant Bixby Mini Alexa Diabetes
Guru

Average number (%) of response types among the 3 evaluators (N = 74)

Web-only 8(10.8) 70 (94.6) 20 (27.0) NA¢ NA ¢ NAd 4(54)
response 2, n (%)

Verbal-only 0 (0) 1(1.4) 11 (14.9) 74 (100) 74 (100) 74 (100) 63 (85.1)
response °, n (%)

Verbal + Web response 66 (89.1) 4(5.4) 43 (58.1)  NAd NAd NAd 7(9.5)

¢, n (%)

Average number (%) of successful and relevant responses among the 3 evaluators (N = 74)

Successful and relevant 69 (93.2) 64 (86.5)  50(67.6) 64 (86.5) 44 (59.5)  10(13.5) 23(3L1)

response, n (%)

Unsuccessful response, 5 (6.8) 10(13.5)  24(324)  10(13.5) 30 (40.5) 64 (86.5) 51(68.9)
n (%)
Unable to 0(0) 0(0) 8(10.8)  3(4.1) 15(203)  2(27)  43(58.1)

comprehend, n (%)
Irrelevant, n (%) 5(6.8) 10 (13.5) 16 (21.6) 7(9.5) 15 (20.3) 62 (83.8) 8(10.8)
Average number (%) of correct transcriptions among the 3 evaluators (N = 74)

Correct transcription,n 70 (95.0)  59(79.3)  58(77.9) 69 (92.8) 62(83.3)  56(75.5) 65(87.4)
(%)

Continued on next page
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Smartphone DVAs Non-smartphone DVAs
Smart-speaker DVAs Laptop DVA
Google Apple Siri Samsung Google Nest Amazon Sulli the = Microsoft Cortana
Assistant Bixby Mini Alexa Diabetes
Guru

Average number (%) of responses that are the same for the 3 evaluators (N = 74)

Same response 56 (75.7)  49(66.2)  33(43.6)  55(74.3) 39(52.7) 60 (81.1) 39(52.7)
provided to the

evaluators, n (%)

Note: * Refers to instances when the DVA provided a web link to the query or verbally directed the users to the web link i.e. “Here’s
what I found /web link]”.

b Refers to instances when the DVA provided a verbal response to the query.

¢ Refers to instances when the DVA provided both a verbal response and a web link to the query i.e. “The symptoms of diabetes include
frequent urination, thirst, losing weight without trying and more /web link]”.

4 NA: Not applicable to smart-speaker DVAs as they only provided a verbal response.

The median total quality score of the smartphone DVAs (73.3%) was not significantly different
from Google Search (70.0%, p=0.034) (Table 2). Among the smartphone DVAs, Bixby had the highest
total quality score (median = 75.3%, IQR = 67.7-79.4%) followed by Google Assistant (median =
73.3%, IQR = 66.7-78.0%) and Siri (median = 72.0%, IQR = 65.3—77.3%). On the other hand, Google
Nest Mini performed the best among the non-smartphone DVAs in terms of its total quality score
(median = 56.9%, IQR = 50.0-65.3%), while Sulli performed the worst (median =48.6%, IQR =45.1-
55.5%). The median total quality score of non-smartphone DVAs (54.2%) was significantly lower than
those of Google Search (70.0%, p < 0.001) and smartphone DVAs (73.3%, p <0.001).

All the DVAs scored highly for user-friendliness (median = 100.0% for all) and most of them
were accurate (median > 80.0% for all except Sulli, 66.7%) (Table 2). User-friendliness and accuracy
scores of all DVAs were comparable to Google Search. Google Assistant and Bixby scored the highest
for comprehensiveness (median = 83.3% each, IQR = 50.0-100.0%), while Alexa scored the lowest
(median = 0%, IQR = 0.0-31.2%). The median comprehensiveness score of the non-smartphone DVAs
(16.7%) was significantly lower than those of Google Search (100.0%, p <0.001) and the smartphone
DVAs (83.3%, p <0.001).

Bixby performed the best for reliability (median = 61.5%, IQR = 46.2-69.2%) while Sulli
performed the worst (median = 23.2%, IQR = 18.2-33.4%). The median reliability score of non-
smartphone DVAs (30.8%) was significantly lower than that of Google Search (61.5%, p <0.001) and
the smartphone DVAs (59.0%, p < 0.001). Sub-analysis of reliability scores revealed that the non-
smartphone DVAs scored poorly for updatedness (median = 0% for all) and in terms of the presence
of disclaimers (Table 3). In terms of the latter criterion, Sulli (median = 100.0%, IQR = 100.0-100.0%)
scored the highest, while the rest of the other non-smartphone DVAs scored poorly instead (median =
0% for all). More than half of the responses by Bixby (63.3%), Google Search (61.6%), Google
Assistant (56.0%) and Nest Mini (55.0%) were from Tier A sources, such as the Centre for Disease
Control and Prevention (CDC), Mayo Clinic, and the National Health Service (NHS). The DVAs had
a decreasing trend for the proportions of Tier A, Tier B and C sources except Alexa, Sulli and Cortana.
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Table 2. Quality parameter scores and total quality scores of the DVAs.

Quality parameter Scores of Smartphone DVAs [Median % p-value Scores of Non-smartphone DVAs [Median % (IQR)] p-value between p-value Inter-rater
(IQR)] between Internet Google between reliability 4
Internet Smart speaker DVAs Laptop DVA Search and Non- Internet
Google smart phone Google
Internet Google Apple Siri Samsung Google Nest  Amazon Sulli the Microsoft
Search DVAs 2 Search and
Google Assistant Bixby Mini Alexa Diabetes Cortana
and all DVAs *
Search Guru
Smart
phone
DVAs !
User-friendliness  100.0 100.0 100.0 100.0 0.132 100.0 100.0 100.0 100.0 0.233 0.284 0.570
(100.0- (100.0-100.0)  (83.3-100.0) (100.0-100.0) (100.0-100.0) (66.7— 91.7- (100.0-100.0) (0.466-0.656)
100.0) 100.0) 100.0)
Reliability 61.5 53.9 54.3 61.5 0.026 43.6 30.8 232 28.2 <0.001* <0.001***  0.940
(53.9-69.2) (46.2-66.7) (46.2-66.7)  (46.2-69.2) (23.1-46.2) (21.2-46.2) (18.2-33.4) (15.446.2) (0.926-0.951)
Comprehensive-  100.0 83.3 66.7 83.3 0.072 16.7 0.0 16.7 50.0 <0.001* <0.001**>  0.902
ness (50.0-100.0) (50.0-100.0)  (50.0-100.0) (50.0-100.0) (0.0-50.0) (0.0-31.2)  (0.0-50.0) (8.4-75.0) (0.880-0.920)
Accuracy 100.0 83.3 83.3 83.3 0.151 100.0 83.3 66.7 833 0.046 0.506 0.753
(50.0-100.0) (66.7-100.0)  (50.0-100.0) (62.5-100.0) (66.7-100.0)  (50.0— (50.0-87.5)  (50.0-100.0) (0.696-0.801)
100.0)
Continued on next page
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Quality parameter Scores of Smartphone DVAs [Median % p-value Scores of Non-smartphone DVAs [Median % (IQR)] p-value between p-value Inter-rater
(IQR)] between Internet Google between reliability 4
Internet Smart speaker DVAs Laptop DVA Search and Non- Internet
Google smart phone Google
Internet Google Apple Siri Samsung Google Nest  Amazon Sulli the Microsoft
Search DVAs ? Search and
Google Assistant Bixby Mini Alexa Diabetes Cortana
and all DVAs 3
Search Guru
Smart
phone
DVAs'!
Total Quality 70.0 73.3 72.0 753 0.034 56.9 52.9 48.6 52.5 <0.001* <0.001**¢  0.931
Score (60.0-75.0)  (66.7-78.0) (65.3-77.3)  (67.7-79.4) (50.0-65.3) (48.1-58.3) (45.1-55.5) (41.7-64.7) (0.916-0.944)

Note: * p <0.0167 based on Wilcoxon Rank-Sum test with Bonferroni adjustment (o = 0.05/3 = 0.0167).

** p < 0.05 based on Kruskal-Wallis test.

! p-value was based on post-hoc analysis of Kruskal-Wallis test comparing Internet Google Search, smartphone DVAs and non-smartphone DVAs. Wilcoxon Rank-Sum test between smartphone DVAs and

Internet Google Search was conducted with Bonferroni adjustment (o = 0.05/3 = 0.0167).

2p-value was based on post-hoc analysis of Kruskal-Wallis test comparing Internet Google Search, smartphone DVAs and non-smartphone DVAs. Wilcoxon Rank-Sum test between non-smartphone DVAs

and Internet Google Search was conducted with Bonferroni Adjustment (o = 0.05/3 = 0.0167).

3 p-value was based on Kruskal-Wallis test comparing Internet Google Search, Google Assistant, Siri, Bixby, Nest Mini, Alexa, Sulli the Diabetes Guru and Cortana. Post-hoc analyses were conducted using

Wilcoxon Rank-Sum test with Bonferroni adjustment (o = 0.05/28 = 0.00179).

4 Intraclass Correlation Coefficients was calculated based on the mean-rating (3 evaluators), absolute-agreement, and a 2-way mixed-effects model. Reported as ICC estimate (95% confidence interval).

2 Reliability scores for non-smartphone DVAs were significantly lower than Internet Google Search, Google Assistant, Siri and Bixby (p < 0.001 for each pairwise comparison).

> Comprehensiveness scores for non-smartphone DVAs were significantly lower than Internet Google Search, Google Assistant and Bixby (p < 0.001 for each pairwise comparison). Non-smartphone DVAs

(p <0.001 for each pairwise comparison) scored significantly lower than Siri except Cortana (p = 0.005). Alexa scored significantly lower than Cortana (p < 0.001).

¢ Total quality scores for non-smartphone DVAs were significantly lower than Internet Google Search, Google Assistant, Siri and Bixby (p < 0.001 for each pairwise comparison).
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Table 3. Breakdown of the reliability and credibility scores of the DVAs.

Smartphone DVAs p-value Non-smartphone DVAs p-value between p-value
between Smart-speaker DVAS Laptop DVA Internet Google between
Internet Search and Non- Internet
Internet Google Apple Siri Samsung Google Google Nest ~ Amazon Alexa Sulli the Microsoft smart phone Google
Google Assistant Bixby Search and Mini Diabetes Guru  Cortana VAs 2 Search and all
Search Smart DVAs 3
phone DVAs !

Breakdown of Reliability [Scores in Median % (IQR)]

Updatedness 50.0 50.0 50.0 50.0 0.562 0.0 0.0 0.0 0.0 <0.001* <0.001%*2
(0.0-100.0)  (0.0-833)  (16.7-100.0) (33.3-100.0) (0.0-0.0) (0.0-0.0) (0.0-0.0) (0.0-29.2)

Absence of bias  100.0 100.0 100.0 100.0 - 100.0 100.0 100.0 100.0 - 0.221
(100.0-100.0) (100.0-100.0) (100.0-100.0) (100.0-100.0) (100.0-100.0) (100.0-100.0) (100.0-100.0)  (100.0-100.0)

Transparency 333 333 333 333 0.773 333 333 333 333 <0.001* 0.002%*b
(33.3-66.7)  (22.2-66.7)  (33.3-66.7)  (33.3-66.7) (333-33.3)  (33.3-33.3)  (33.3-33.3) (27.8-33.3)

Credibility 80.0 70.0 60.0 80.0 0.151 70.0 40.0 0.0 20.0 <0.001* <0.001 %%
(60.0-80.0)  (33.3-80.0)  (33.3-80.0)  (40.0-80.0) (20.0-80.0)  (15.0-80.0)  (0.0-6.7) (0.0-70.0)

Disclaimer 50.0 16.7 333 25.0 0.116 0.0 0.0 100.0 0.0 <0.001* <0.001**d
(0.0-50.0)  (0.0-50.0)  (0.0-75.0)  (0.0-79.2) (0.0-0.0) (0.0-0.0) (100.0-100.0)  (0.0-0.0)

Proportion of answer sources classified in the different tiers (%)
Tier A sources (%) 61.6 56.0 48.2 63.3 - 55.0 43.8 0.0 353 - -

Tier B sources (%) 34.2 29.5 33.0 30.0 - 34.0 19.2 0.0 8.8 - -

Continued on next page

AIMS Medical Science Volume 10, Issue 1, 80—106.



91

Smartphone DVAs p-value Non-smartphone DVAs p-value between p-value
between Smart-speaker DVAS Laptop DVA Internet Google between
Internet Search and Non- Internet
Internet Google Apple Siri Samsung Google Google Nest ~ Amazon Alexa Sulli the Microsoft smart phone Google
Google Assistant Bixby Search and Mini Diabetes Guru  Cortana VAs 2 Search and all
Search Smart DVAs?
phone DVAs !

Proportion of answer sources classified in the different tiers (%)

Tier C sources/ 4.1 14.5 18.8 6.7 - 11.0 36.9 100.0 55.9 -
Answer source not

explicitly stated

(%)

Note: * p < 0.0167 based on Wilcoxon Rank-Sum test with Bonferroni adjustment (a = 0.05/3 = 0.0167).

** p <0.05 based on Kruskal-Wallis test.

!'p-value was based on post-hoc analysis of Kruskal-Wallis test comparing Internet Google Search, smartphone DVAs and non-smartphone DVAs. Wilcoxon Rank-Sum test between smartphone DVAs and
Internet Google Search was conducted with Bonferroni adjustment (o = 0.05/3 = 0.0167).

2p-value was based on post-hoc analysis of Kruskal-Wallis test comparing Internet Google Search, smartphone DVAs and non-smartphone DVAs. Wilcoxon Rank-Sum test between non-smartphone DVAs
and Internet Google Search was conducted with Bonferroni adjustment (o = 0.05/3 = 0.0167).

3p-value was based on Kruskal-Wallis test comparing Internet Google Search, Google Assistant, Siri, Bixby, Nest Mini, Alexa, Sulli the Diabetes Guru and Cortana. Post-hoc analyses were conducted using
Wilcoxon Rank-Sum Test with Bonferroni adjustment (o = 0.05/28 = 0.00179).

aUpdatedness scores for non-smartphone VAs were significantly lower than Internet Google Search, Google Assistant, Siri and Bixby (p < 0.001 for each pairwise comparison). Cortana scored significantly
higher than Nest Mini and Alexa (p < 0.001 for both).

b Transparency scores for Nest Mini were significantly lower than Bixby (p < 0.001).

¢ Credibility scores for Alexa were significantly lower than Internet Google Search and Bixby (p < 0.001 for both). Cortana scored significantly lower than Internet Google Search, Google Assistant, Siri
and Bixby (p < 0.001 for each pairwise comparison). Sulli scored significantly lower than each of the DVAs (p < 0.001 for each pairwise comparison) except Cortana (p = 0.145).

d Disclaimer scores for Sulli the Diabetes Guru was significantly higher than the other DVAs (p < 0.001 or p = 0.001 for each pairwise comparison). Nest Mini, Alexa and Cortana scored significantly lower

than Internet Google Search, Google Assistant, Siri and Bixby (p < 0.001 for each pairwise comparison).
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Since the responses of Google Assistant and Bixby consisted mostly of a verbal response with a
web result, a sub-analysis was conducted for their verbal responses alone (Figure 2). The verbal
responses of both the DVAs had much lower median comprehensiveness and reliability scores than
when both the verbal and web responses were taken into consideration.

(A) Score comparisons of the verbal response with
the verbal and web response of Google Assistant

e
Accuracy
: e 83.3

20.9
Comprehensiveness L) —— - - 83.3 }p<0.05

e I 372
Reliability 56.4 } p0.05

_triendli R AR SRR 1000
User-friendliness e i : 100.0

Quality Parameter

Total Quality NS °°° L ;<005

0.0 20.0 40.0 60.0 80.0 100.0
Score (%)

m\Verbal Only = Verbal + Web

(B) Score comparisons of the verbal response with
the verbal and web response of Samsung Bixby

R
Accuracy
— W— 83.3

12.5
Comprehensiveness N TR 833 }p<0-05

Reliabiity W 54 61'5:}-p<0.05

_friendli R R s 100.0
User-friendliness T : : 100.0

Quality Parameter

Total Quality S 454 cos F 005
0.0 20.0 40.0 60.0 80.0 100.0

Score (%)
m\erbal Only = Verbal + Web

Figure 2. Sub-analysis of the quality parameter scores and total quality scores of the verbal
response with verbal and web response of Google Assistant and Samsung Bixby.
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When the proportion of successful and relevant responses were compared among the DVAs, 3 of
the non-smartphone DVAs (Alexa, Sulli and Cortana) did not have any successful and relevant
responses for COVID-19 related questions (Table 4). Among the non-COVID-19 related questions,
there was a decreasing trend of successful and relevant responses, with Nest Mini being the best,
followed by Alexa, Sulli and Cortana. Nest Mini had a significantly higher proportion of successful
and relevant responses for non-COVID-19 related questions (93.9% versus 20.8%, p < 0.001).
Similarly, among the smartphone DVAs, only Google Assistant (96.5% versus 66.7%, p < 0.001) and
Bixby (72.2% versus 29.2%, p < 0.001) had higher proportions of successful and relevant responses
for non-COVID-19 related questions compared to COVID-19 related questions.

Table 4. Proportion of successful and relevant responses for COVID-19 and non-COVID-
19 related questions by DVAs.

DVA/Internet Google Search Proportion of successful and relevant responses (%) p-value between
Overall (COVID-19and  COVID-19 Non-COVID-19 ~ COVID-19 and
non-COVID-19 related  related questions  related questions ~ non-COVID-19
questions combined) (N = 66) (N=28) related questions

Internet Google Search (%) 98.7 87.5 100 <0.001%*

Smartphone DVAs

Google Assistant (%) 93.2 66.7 96.5 <0.001*
Apple Siri (%) 86.5 91.7 84.5 0.127
Samsung Bixby (%) 67.6 29.2 72.2 <0.001*

Non-smartphone DVAs

Google Nest Mini (%) 86.5 20.8 93.9 <0.001*
Amazon Alexa (%) 59.5 0 66.2 <0.001*
Sulli the Diabetes Guru (%) 13.5 0 14.6 <0.001*
Microsoft Cortana (%) 31.1 0 10.6 <0.001*

Note: * p < 0.05 based on chi-square test.

For DVAs with successful and relevant responses (Google Assistant, Siri, Bixby and Nest Mini),
there were no significant differences between how the DVAs performed for COVID-19 and non-
COVID-19 related questions, except for Google Assistant, which performed better in terms of accuracy
for COVID-19 related questions (100% versus 83.3%, p = 0.009) (Table 5). In terms of overall quality
(total quality score), in general, Google Assistant and Siri seemed to fare equally well for COVID-19
and non-COVID-19 related questions, compared to Bixby and Nest Mini, which seemed to fare a little
better for non-COVID-19 related questions and COVID-19 related questions respectively.

There was moderate—excellent inter-rater reliability among the 3 evaluators for each quality
parameter and for the total quality score (Table 2). The quality parameters with the highest and lowest ICC
values were reliability [0.940 (0.926-0.951)] and user-friendliness [0.570 (0.466—0.656)] respectively.
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Table 5. Comparison of the quality parameter scores and total quality scores of DVAs
between non-COVID-19 related and COVID-19 related questions.

Voice Assistants Quality parameter scores of DVAs [Median% (IQR)] p-value
Non-COVID-19 related questions COVID-19 related questions
(N =606) N=28)

Accuracy?

Internet Google Search
Google Assistant
Apple Siri

Samsung Bixby
Google Nest Mini
Comprehensiveness °
Internet Google Search
Google Assistant
Apple Siri

Samsung Bixby
Google Nest Mini
Reliability ©

Internet Google Search
Google Assistant
Apple Siri

Samsung Bixby
Google Nest Mini
User-Friendliness ¢
Internet Google Search
Google Assistant
Apple Siri

Samsung Bixby
Google Nest Mini

100.0 (50.0-100.0)
83.3 (66.7-100.0)
83.3 (50.0-100.0)
83.3 (66.7-100.0)
83.3 (58.4-100.0)

100.0 (50.0-100.0)
83.3 (50.0-100.0)
66.7 (50.0-100.0)
83.3 (54.2-95.8)
16.7 (0.0-50.0)

61.5 (53.9-69.2)
56.4 (43.6-66.7)
57.7 (46.2-66.7)
63.6 (52.5-69.2)
38.5(23.1-46.2)

100.0 (100.0-100.0)
100.0 (100.0-100.0)
100.0 (83.3-100.0)

100.0 (100.0-100.0)
100.0 (100.0-100.0)

100.0 (100.0-100.0)
100.0 (100.0-100.0)
100.0 (70.9-100.0)
50.0 (25.0-87.5)
100.0 (100.0-100.0)

100.0 (50.0-100.0)
91.7 (75.0-100.0)
83.3 (54.2-95.8)
25.0 (0.0-100.0)
0.0 (0.0-25.0)

46.2 (46.2-61.5)
48.1 (45.6-66.4)
50.0 (44.9-59.6)
46.2 (46.2-65.4)
46.2 (46.2-50.1)

100.0 (50.0-100.0)
100.0 (83.3-100.0)
100.0 (100.0-100.0)
100.0 (87.5-100.0)
100.0 (100.0-100.0)

0.089
0.009*
0.230
0.088
0.196

1.000
0.221
0.449
0.230
0.598

0.112
0.789
0.429
0.300
0.111

0.205
0.584
0.272
0.759
0.644
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Voice Assistants Quality parameter scores of DVAs [Median% (IQR)] p-value
Non-COVID-19 related questions COVID-19 related questions
(N =066) N=238)
Total Score ©
Internet Google Search 70.0 (63.8-75.0) 65.0 (55.0-75.0) 0.525
Google Assistant 73.3 (65.7-77.7) 71.7 (68.7-82.5) 0.617
Apple Siri 71.0 (64.7-77.8) 73.3 (69.0-77.0) 0.570
Samsung Bixby 76.0 (68.0-80.0) 68.0 (59.2-73.0) 0.075
Google Nest Mini 56.9 (50.0-65.3) 62.5 (60.4-64.6) 0.305

Note: * p < 0.005 based on Wilcoxon Rank-Sum Test.

2 Based on Kruskal-Wallis Test, accuracy scores of Internet Google Search, Google Assistant, Siri, Bixby and Nest Mini were not
significantly different for COVID-19 related questions (p = 0.003, post-hoc analyses with Wilcoxon Rank-Sum Test revealed no
significant difference) and non-COVID-19 related questions (p = 0.812).

® Based on Kruskal-Wallis Test, comprehensiveness scores of Internet Google Search, Google Assistant, Siri, Bixby and Nest Mini were
not significantly different for COVID-19 related questions (p = 0.090). Comprehensiveness score of Nest Mini was significantly lower
than Internet Google Search, Google Assistant, Siri and Bixby for non-COVID-19 related questions (p < 0.001 for each pairwise
comparison).

¢ Based on Kruskal-Wallis Test, reliability scores of Internet Google Search, Google Assistant, Siri, Bixby and Nest Mini were not
significantly different for COVID-19 related questions (p = 0.971). Reliability score of Nest Mini was significantly lower than Internet
Google Search, Google Assistant, Siri and Bixby for non-COVID-19 related questions (p < 0.001 for each pairwise comparison).

4 Based on Kruskal-Wallis Test, user-friendliness scores of Internet Google Search, Google Assistant, Siri, Bixby and Nest Mini were
not significantly different for COVID-19 related questions (p = 0.779) and non-COVID-19 related questions (p = 0.208).

¢ Based on Kruskal-Wallis Test, total scores of Internet Google Search, Google Assistant, Siri, Bixby and Nest Mini were not significantly
different for COVID-19 related questions (p = 0.154). Total score of Nest Mini was significantly lower than Internet Google Search,
Google Assistant, Siri and Bixby for non-COVID-19 related questions (p < 0.001 for each pairwise comparison).

4. Discussion

This study evaluated the quality of DVAs in terms of their technical ability, user-friendliness,
reliability, comprehensiveness and accuracy. Overall, the total quality scores of the smartphone DVAs
(Google Assistant, Bixby and Siri) were high and comparable to Google Search. Despite having the
highest total quality score (Table 2), Bixby had a much lower percentage of successful and relevant
responses compared to the other smartphone DVAs (Table 4). Non-smartphone DVAs (Nest Mini,
Alexa, Sulli and Cortana) had lower total quality scores compared to the smartphone DVAs, which is
consistent with other studies that evaluated the quality of VA responses to health and COVID-19
queries [8,9].

User-friendliness was the highest scored quality parameter, suggesting that information provided
by the DVAs was easy to navigate and understand. Accuracy was the next highest scored quality
parameter. All DVAs were penalized for accuracy mainly because their points were not specific enough
when compared to our compiled answers. In addition, incorrect information was provided on two
occasions. The web responses of the smartphone DVAs, Nest Mini and Cortana stated that the ADA’s
fasting blood glucose recommendation was 70—130 mg/dL. However, this information was outdated
as ADA had changed its recommendation from 70—130 mg/dL to 80—-130 mg/dL in 2015 [62]. The
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evaluators also observed that the web responses of Google Assistant and Nest Mini stated that people
with diabetes were at a higher risk of getting an influenza virus infection, which was in contrast to the
information provided by ADA and CDC, even though people with diabetes were at higher risks of
serious flu complications [63,64]. These two examples suggested that DVAs could potentially provide
information that could be misinterpreted by users with diabetes, who might be predisposed to harm if
they unknowingly act on the inaccurate information [11].

Most of the responses of Nest Mini and Alexa began with a web resource from the internet (e.g.,
“According to cdc.gov...”). However, only a subset of information from the web resource was
verbalized, resulting in low comprehensiveness scores. In response to “How is diabetes diagnosed?”,
Nest Mini replied with “On the website clevelandclinic.org, they say: “Diabetes is diagnosed and
managed by checking your glucose level in a blood test.” It did not include the next sentence from the
web resource, which provided information on the types of tests (i.e., fasting glucose, random glucose
and HbA 1c tests). On the other hand, even though Alexa was described in several studies to provide
long verbal responses [7,8], this feature did not translate to a more comprehensive response in
our study.

In our study, reliability was observed to be the lowest scored quality parameter. This could be
attributed to the fact that a substantial proportion of health websites providing diabetes information
did not provide the date of update regarding their information and details on authorship [65,66]. In
cases where the websites had actually contained this information, the smart-speaker DVAs did not
provide it to the evaluators. Hence, smart-speaker DVAs scored much lower for reliability. The
recommendation by the US National Library of medicine is that such information should be included
in websites providing health information online [67]. In this sense, we also advocate that the
recommendation by the US National Library of Medicine also be followed for the responses by DVAs,
so that users can evaluate the quality and trustworthiness of the responses.

The credibility was higher for smartphone DVAs and Nest Mini as most of their responses were
from sites of recognized authorities or sites/individuals with medical expertise. This was in contrast to
Alexa, which scored lower for credibility as it referred users to Wikipedia for questions on definition
(average n = 12/74, 12.2%). Our results were similar to the findings by Alagha and Helbing [7], who
evaluated the quality of vaccine-related information provided by DVAs. However, in recent years,
there is an upward trend in the number of studies discussing the use of Wikipedia’s health information,
which hints at the growth in acceptance of health information provided by it [68]. We encourage users
to supplement the information from Wikipedia with other sources by recognized authorities or with
medical expertise wherever possible. On the other hand, majority of the answer sources of Cortana
were classified as not explicitly stated because the information provided in the application did not
match the Bing Search which it directed its users to, which could be a potential cause of confusion.

All the DVAs except Sulli lacked a medical disclaimer in their responses, which was contrary to
a previous study which found that Alexa provided clear disclaimers in its verbal responses [8]. As
Amazon and Google required health-specific skills/actions to include such disclaimers [69,70], users
of Sulli would be informed of the disclaimer when they first enabled the skill. However, for Sulli, it is
not a requirement for subsequent responses to have a disclaimer. Users may forget that the information
provided by Sulli is not a substitute for medical advice. Thus, it is important for DVAs to include
disclaimers in their responses since the management of diabetes is individualized [71] and users should
seek professional medical advice before following the information provided by the DVAs.

AIMS Medical Science Volume 10, Issue 1, 80-106.



97

The verbal-only responses of Google Assistant and Bixby were not comprehensive and lacked
details on reliability, which resulted in occasions whereby the evaluators were misled. For example, in
response to “Who should get tested for diabetes?”, Bixby responded with “Here’s what the internet
says: ADA recommends...”, which led to the evaluators perceiving ADA to be the answer source.
However, the information was taken from a Healthline website which cited ADA instead. Users of
these smartphone DVAs who rely solely on their verbal responses might perceive the source to be more
credible than the actual website source. Hence, we encourage users of these smartphone DVAs to refer
to the original source of information provided by the DVAs to clarify their doubts whenever possible.

Some phrases taken from search trend data were rephrased as questions to reflect typical voice
searches [72]. For example, “diabetes symptoms” was rephrased as “What are the symptoms of
diabetes?” Despite rephrasing, Sulli and Bixby could not really recognize users’ intent. When a range
of insulin-related queries were posed to Sulli, it responded in the exact same way with all the queries
by providing a general description of insulin. Bixby also provided generic answers in response to
COVID-19 related questions. We postulate that these DVAs might have recognized the queries based
on keywords instead of the user’s intent. In addition, the evaluators noted that some DVAs were unable
to recognize critical situations. Our results concurred with findings by Kocaballi et al. [9]. For example,
in response to “How do I treat hypoglycemia?”, Alexa replied that “treatment may include dietary,
medical, and/or surgical therapies”, while Siri responded with “the answer I found is diazoxide”. A
user asking this question might be experiencing hypoglycemia symptoms, which is dangerous if it is
left untreated [73]. The more appropriate recommendation would be for users to consume 15-20 g of
fast-acting carbohydrate such as 3—4 glucose tablets immediately [74,75]. In this regard, we suggest
that the DVAs could potentially improve in terms of their natural language understanding algorithms
to better recognize users’ intents and adapt to different types of questions [76].

5. Limitations

The answers to our compiled questions on diabetes were crafted with reference to the US, UK,
Australia and Singapore government health websites and clinical guidelines. Since recommendations
for screening and diagnosis, and target blood glucose levels can vary depending on each country’s
standard of practice, the results of this study might not be able to be directly extrapolated to other
countries. The accuracy of our compiled answers is also limited to the period of study as clinical
guidelines for diabetes management and the algorithms of the DVAs are subjected to updates and/or
changes. However, this study still adds to the literature by providing a current snapshot of the quality
of DVAs for the management of chronic conditions, such as diabetes, especially during this period of
time when the world is just transitioning and adjusting to the post-pandemic era. For patients with
diabetes, it is important for them to know which DVAs are able to address their general queries and
concerns regarding their diabetes and medications, as well as the impacts of COVID-19 and
vaccinations on their medical condition. Furthermore, our evaluation process might not have mimicked
how users interact with DVAs as the evaluators did not continue the conversation with the DVAs when
prompted. Furthermore, Sulli was only accessed through Alexa since the evaluators were unable to
access it through Google Assistant in Singapore. It is unknown how this diabetes-specific DVA will
perform through a different platform. Lastly, the evaluators in this study were between the ages of 18
to 25 years old. The interpretation of user-friendliness might not be extrapolatable to the older
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population, especially those above 45 years old who are increasingly moving towards owning and
using DVAs [77], yet might have a higher probability of being diagnosed with diabetes [78].

6. Conclusions

Google Assistant, Siri and Bixby were the best performing DVAs overall when presented with a
range of diabetes-related questions. In contrast, the diabetes-specific DVA (Sulli) performed the worst.
Although Bixby had the highest median quality score, its lack of successful and relevant responses
may frustrate users, especially if they have COVID-19 related queries. A list of recommendations is
provided in Figure 3 for users who use DVAs for their diabetes-related queries. In general, smartphone
DVAs scored higher in terms of quality than non-smartphone DVAs. The responses of smartphone
DVAs were comparable to Google Search in terms of user-friendliness, reliability, comprehensiveness
and accuracy, while the non-smartphone DVAs scored much lower for reliability and
comprehensiveness. In general, there is still room for improvement for all the DVAs in terms of
reliability, comprehensiveness and accuracy. As such, DVA designers are encouraged to consider
features related to these quality parameters, in addition to user-friendliness (Figure 4), when
developing their products for medical purposes, such as diabetes management.
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Recommendations Of
Digital Voice Assistants (DVAs)
For Diabetes Management

f Overall

[ N} a
Recommended DVAs

Based on median quality scores,
the top DVAs to use are:

* Samsung Bixby (75.3 %)

* Google Assistant (73.3 %)

* Apple Siri (72.0 %)

*Smartphone DVAs scored higher than
smart speaker and laptop DVAs during

Q/alus tion.

Proportion Of XX

Relevant Responses

Non-COVID- COVID-19
19 related related
queries queries

Google Assistant 96.5% 66.7%

~ Apple Siri 84.5% N7 %
- Samsung Bixby 72.2% 29.2%
/DVAs Recommended o o @ @
For Non-COVID-19
Related Queries
Based on median quality scores,
the top DVAs to use are:

« Samsung Bixby (76.0 %)
* Google Assistant (73.3 %)
Q Apple Siri (71.0 %)

/DVAS Recommended o o o\

o For COVID-19
® Related Queries
i Based on median quality scores,
'‘ P $ the top DVASs to use are:

* Apple Siri (73.3 %)
* Google Assistant (71.7 %)
« Samsung Bixby (68.0 %)

* Amazon Alexa, Microsoft Cortana and Sulli
the Diabetes Guru did not have any
successful and relevant responses for
COVID-related questions during

Q/alluation. /

Figure 3. Recommendations for users on which DVAs to use for their diabetes-related queries.
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Ideal Features Of
Digital Voice
Assistants (DVAs)
For Diabetes
Management

FOR DEVELOPERS

USER-FRIENDLINESS

« Responses are successful

and relevant to queries

Responses are

understandable by a

layperson

« Easy to navigate (for web
responses)

a RELIABILITY
Responses are updated

regularly

Responses are not biased
Authorship of content is
clearly stated

No advertising content
Responses are credible
and from authoritative
sources

Disclaimer that
information should not
substitute/replace medical
advice is present

COMPREHENSIVENESS a .

« Responses should be I —
comprehensive enough to ﬂr
clarify user's doubts and
minimise the likelihood of
health-related and/or -
medication-related : o
problems — —

ACCURACY

« Responses should be
accurate and follow
information from
appropriate evidence-
based sources

Designed by Yap KY

Figure 4. Recommendations for developers on the quality considerations when designing
DVA products for diabetes management.
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