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Abstract

Telehealth mobile apps and telehealth services are increasingly used by patients, particularly, post-COVID-
19. This study examines factors related to users’ satisfaction with these apps and services by analyzing
reviews from actual telehealth app users. A total of 53,209 reviews were collected from nine telehealth apps
on the Google Play store. Using BERT embeddings, UMAP, and HDBSCAN, topics were generated and
labeled to identify these factors. Results showed that telehealth app users expressed several factors related
to satisfaction with telehealth apps, which could impact the acceptability and adoption of such apps. These
include usability (ease of use), usefulness, convenience and efficiency, cost and affordability, technical
performance and connectivity, professionalism and expertise, and comprehensive care support.

Keywords

Telehealth, Mobile Apps, Topic Modeling, BERTopic, Text Mining.

Introduction

The rapid advancement of technologies resulted in many tools and systems currently used in the healthcare
domain for the rapid exchange of information and the support for patient physicians communications
(Ganapathy et al. 2020; Lin et al. 2018). These technologies include mobile devices, mobile health
(mHealth), and mobile apps (Hilty et al. 2019; Tuckson et al. 2017). mHealth refers to the applications of
smart technologies for the management and delivery of care, anytime, anywhere, while overcoming barriers
to healthcare delivery (Hilty et al. 2019). A widely popular health service that took advantage of
advancement in mHealth and healthcare technologies is telehealth. Telehealth is defined in different ways,
but it generally refers to the exchange of patients’ information using communication technologies (Pollard
et al. 2023). The aim is to improve patients’ health (Tuckson et al. 2017). In essence, “promote long-
distance clinical health care, and patient and professional health-related education” (Pollard et al. 2023).

Telehealth apps are one of the popular examples of digital transformation in the healthcare sector. These
apps align very well with the four key dimensions of digital transformation outlined by Matt et al., (2015).
When it comes to the use of technologies, transforming health services using telehealth and telehealth apps
requires the use of advanced technologies, technology standards, and technology infrastructure (Wosik et
al. 2020a) that can help provide remote medical consultation and real-time healthcare monitoring. With
respect to changes in value creation, telehealth apps have completely changed the healthcare delivery
model, especially for remote or underserved populations. This shift resulted in greater economic benefits
of a telehealth product (Velayati et al. 2021a; Wosik et al. 2020a) for patients and care providers, such as
increasing profits, reducing costs, and saving time (Velayati et al. 2021a). For structural changes, the
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implementation of telehealth requires significant changes in the healthcare facility as well as changes in
patient and clinical care processes (Wosik et al. 2020a), the need to increase access to underserved
populations (Dorsey and Topol 2016) as well as the need to provide access to low socioeconomic status
patients (Wosik et al. 2020a). Finally, concerning financial aspects, the use of telehealth apps is considered
a major investment, especially with advances in technology. Telehealth services may impose some financial
challenges and restrictions on healthcare service providers, but at the same time may could result in
significant savings in costs and time (Cannon 2018; Dorsey and Topol 2016) and increasing return on
investment in many cases (Snoswell et al. 2020a).

Telehealth services revolutionized the healthcare industry where patients need to schedule in-person
appointments and meet with physicians to seek medical care (Snoswell et al. 2020b). Such services include
patient care, tele-education, and teleconsultation (Velayati et al. 2021b). It became a popular alternative to
outpatient and community-based programs (Michaelchuk et al. 2022). The advent of mobile technologies
has empowered healthcare professionals to share information, provide care, and support patients in various
locations, yielding positive healthcare outcomes (Ren et al. 2020). However, mobile-based telehealth has
not been used to its full capacity, necessitating an exploration of existing barriers hindering the application
of mobile telehealth practices in healthcare. Therefore, the increasing significance of telehealth, particularly
heightened by the challenges posed by the COVID-19 pandemic, necessitates a thorough exploration of
factors influencing users' satisfaction with telehealth apps. Existing literature on technology adoption and
acceptance has predominantly focused on assessing users’ experiences with mHealth technologies through
small-scale survey data. Such data might be limited in providing the perspective of users of mHealth and
telehealth solutions. Therefore, to fill this gap, our study aims to analyze users’ reviews of popular telehealth
apps, providing a rich source of information about users’ satisfaction with the use of telehealth mobile
solutions on a large scale. By delving into the experiences of actual users, this data and analysis aim to offer
insights that can guide the development of telehealth apps, ultimately enhancing user experiences and
healthcare outcomes.

User reviews provide several advantages over traditional methods, like surveys, where user reviews could
facilitate the study of phenomena on a large scale, while at the same time, the collected data reflects users’
experience with telehealth apps. Studying telehealth apps is critical, especially after the COVID-19
pandemic. This study attempts to inform improvements in telehealth app design and functionality,
influence policy and regulatory frameworks, and contribute to the transformation of healthcare delivery.
Analyzing insights from users’ reviews could further support the integration of telehealth apps into
healthcare settings, provide effective and affordable healthcare services, and make healthcare more
accessible whenever it is needed.

Background and Related Studies

Telehealth services have become more prevalent, particularly during the COVID-19 pandemic, with
research focusing on technology acceptance, user engagement, and insights from social media. Overall, the
adoption of telehealth has been closely linked to various factors influencing its acceptance and usage. For
example, Anderson et al. (2022) demonstrated how social acceptance of telehealth grew during the
pandemic, driven by increased network connectivity and information distribution on platforms like Twitter,
while Choi et al. (2022) found that perceived vulnerability and response efficacy were significant predictors
for telehealth uptake, suggesting that users were influenced by their perceived health risks and the
effectiveness of telehealth services. Further, An et al. (2021) applied an extended TAM to study telehealth
acceptance, revealing that increased accessibility, ease of use, and privacy contributed positively to
telehealth's perceived usefulness. Similarly, focusing on elderly patients, Zhou et al. (2019) discovered that
satisfaction, ease of use, and information quality were crucial determinants of telehealth acceptance, while
Wade et al., (2012) found that there was no difference in terms of ease of use and perceived usefulness of
the telehealth service before and after training sessions to use the service. However, ease of use of telehealth
before training had a positive impact on future compliance. Moreover, Tsai et al. (2019), highlighted the
role of enablers and inhibitors in telehealth adoption, with cost and anxiety acting as significant barriers.

Healthcare professionals' and patients' perspectives also play a role in technology acceptance. Keenan et al.
(2021) examined the divergence between these groups, finding that telehealth satisfied the need for
autonomy, while relatedness and competence were areas of divergence. Woo & Dowding (2018) conducted
a systematic literature review and showed that heart failure patients generally had positive feelings toward
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telehealth, with key factors including cost, access to care, and privacy. Further, Poder et al. (2015) using
survey data, emphasized that both patients and healthcare providers expressed high confidence and
acceptance of telehealth, indicating its potential for widespread adoption.

As social media platforms have become valuable sources for understanding public perceptions of telehealth,
Pool et al. (2022) utilized topic modeling, sentiment analysis, and emotion analysis to reveal public opinions
on telehealth during the pandemic. Their findings indicated that public sentiment was generally positive,
though some negative sentiments emerged due to lockdown-related issues. Further, Massaad et al. (2020)
analyzed Twitter data to understand telehealth trends, highlighting common topics such as "COVID,"
"health care services," and "mental health." These studies suggest that social media platforms offer unique
insights into public perceptions of telehealth, providing a broader context for understanding its acceptance
and engagement.

Despite several studies on telehealth, certain limitations persist. Most existing studies in the literature
focused on surveys to study users’ experience with telehealth apps and identify factors that could affect
users’ satisfaction with these apps. However, many of these studies were limited in terms of the limited
number of interviewees (Velayati et al. 2021b), focusing on specifying age group, race, or ethnicity (Choi et
al. 2022; Kruse et al. 2017), covering a short timeframe for examining user adoption intention of telehealth
(Tsai et al. 2019), the use of social media data, such as Twitter, which might not reflect opinions from the
actual use of telehealth apps (Anderson et al. 2022; Pool et al. 2022). Our study aims to overcome these
limitations by analyzing user reviews of popular telehealth apps to provide a more comprehensive
understanding of user satisfaction and engagement.

Research Methodology

This study aims to determine the factors affecting users’ satisfaction with telehealth apps. To determine
such factors, users’ review data from the Google Play Store about popular telehealth apps were collected
and analyzed. Such user reviews could help provide direct insights from the actual use of the apps while at
the same time helping determine the factors related to satisfaction with telehealth apps. Figure 1 shows the
research methodology for generating topics using Bidirectional Encoder Representations from
Transformers (BERT) (Devlin et al. 2019), BERTopic (Grootendorst 2020), and Latent Dirichlet Allocation
(LDA) (Blei et al. 2003).

~ s ~ e
Data Collection and | Text Embeddings R Dimensionality
Preprocessing " (BERT) "| Reduction (UMPA)
J | J L
+
BERTopic, ) ( ) (( Clustering and
. P Importance of PP
Visualization, and |« Words (c-TF-IDF)  [* Optimization
Labeling ) L ) \  (HDBSCAN)

Figure 1. Topic Modeling using BERTopic

Data was collected from multiple telehealth apps based on the criteria that such apps must have a minimum
of one million downloads and an average rating of 4+ stars. Such criteria were used to help determine users’
satisfaction factors with telehealth apps based on widely used apps that were highly reviewed and accepted
by the users. We used a custom Web scraper in Python to collect users’ reviews. A total of 53,209 reviews
were collected from a total of nine apps. These apps include Doctor On Demand, HealthTap - Online
Doctors, MDLIVE: Talk to a Doctor 24/7, BetterHelp, K Health, Teladoc Health: Virtual care, Telehealth by
SimplePractice, Amwell: Doctor Visits 24/7, and Doctor Anywhere — Telehealth. The collected reviews were
preprocessed by removing any hashtags, stop words, punctuation marks, special characters, alphanumeric
words, numbers, non-English words, words with less than three characters in length, and then the reviews
were lemmatized.

Text embedding in BERT refers to the process of representing text as numerical vectors that capture their
semantic meaning in a high-dimensional space (Zhang and Yu 2012). BERT provides better representation
and performance compared to traditional techniques as well as similar techniques for word embeddings
(Alsentzer et al. 2019; Karande et al. 2021). In this study, we used BertTokenizer and BertModel from the
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transformers’ library as well as bert-base-uncased variant of BERT, a pre-trained model on the English
language, to perform text embedding.

Uniform Manifold Approximation and Projection (UMAP) was used to reduce the dimensionality of the
data. UMAP is a well-known dimensionality reduction learning technique (Becht et al. 2019; McInnes et
al. 2018, 2020) that has been widely used in different domains including machine learning (Espadoto et al.
2019, 2020) and bioinformatics (Becht et al. 2019; Cao et al. 2019). Topic modeling based on the UMAP
technique demonstrated better performance and helped achieve precise context-based features (George
and Sumathy 2023). Without any computational restrictions, UMPA is considered a viable technique for
dimensionality reduction (McInnes et al. 2018, 2020) and is known for its speed and ability to preserve the
structure of the data in lower dimensions (George and Sumathy 2023).

Hierarchical Density-Based Spatial Clustering of Applications with Noise (HDBSCAN) is used to create
dense clusters (Abuzayed and Al-Khalifa 2021). In this context, the HDBSCAN algorithm was used to cluster
reviews with similar content to facilitate topic detection within the dataset (Becht et al. 2019). To find the
optimal number of clusters for HDBSCAN, we used the Silhouette score (Rousseeuw 1987), which can help
determine the minimum cluster size, which in turn “controls the balance between the preservation of global
and local structures in the low dimensional embedding” (Silveira et al. 2021).

A variation of term frequency inverse document frequency (TF-IDF), named cluster TF-IDF (c-TF-IDF)
(Mazzei and Ramjattan 2022; Orellana and Bisgin 2023) was adapted to have a single representation of all
reviews in a single cluster (Grootendorst 2022) using the following formula:

R L ) - — (1)

Where the word frequency, t, is extracted for each cluster, i, and then divided by the total number of words,
w. Next, the total number of reviews, r, is divided by the total frequency of the word, t, across all classes, n.
Once the minimum cluster size had been identified, BERTopic was used to generate the list of topics. Topics
were visualized as word clouds and then labeled by two independent researchers to ensure validity and
consistency in the labeling process. Inter-rater reliability (kappa statistic) (Landis and Koch 1977) was
evaluated to ensure that the researchers assigning topic labels would eventually obtain similar evaluations.
The final list topics was labeled and merged into a higher-level topic that represents factors that affect users’
acceptability and usability of mobile telehealth apps.

Results

We analyzed a total of 53,209 reviews, representing 36,954 5-star rating reviews, 4,158 4-star rating
reviews, 1,937 3-star rating reviews, 1,625 2-star rating reviews, and 8,563 1-star rating reviews.
Optimization using the Silhouette score suggested an optimal minimum cluster size of 14. BERTopic
generated a total of 186 topics. The labeling process by the two researchers resulted in Cohen’s Kappa
statistics of 0.90, which reflects almost perfect agreement among different raters (Landis & Koch, 1977).
The resulting topics were reduced to seven high-level topics/themes that reflect factors that affect users’
satisfaction with telehealth apps. These factors include usability (ease of use), usefulness, convenience and
efficiency, cost and affordability, technical performance and connectivity, professionalism and expertise,
and comprehensive care support. The factors show that usability is a widely popular factor that could affect
any mobile app including telehealth apps. In this context, usability is related to the ease of using the mobile
app to get access, navigate through the app, and have a simple and intuitive user interface. Figure 2 shows
a high-level representation of the “usability (ease of use)” factor using a word cloud.

frlendly i
eas O

Q) fr xendly helpfu] L

help{ love
“Fast o_doctor‘
< = se|v1c9 \m\ er N1
> alway anon
professional W) = issiet Sl Miine

Figure 2. Word cloud for the high-level topic “usability (ease of use)”.
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Example reviews that support this factor include: “Very user friendly and easy to navigate”, “Easy to
navigate and great doctor experience. Will definitely use again.”, “Easy to use friendly and professional
service. Awesome app”, “The app is user friendly, and easy to use. The telehealth method has met every
need that an in-office visit could have. Highly recommend!”, and “This app and the steps process is so
quick and easy to use. Awesome app!”

HOCEO RS SHEY=USE convengent Fesy
application G '_' “: Conven lent
accurate reat: Thank QJ E wait' time . know Gneat

ormation e’ always frlendlyc

CPUSEfU]f o e B T o TS

g ExceLient faStn:Gc:ILSCUIE h l f 1
)r L Q
; e WA recommend help professwnal e p u
Figure 3. Word cloud for the high-level Figure 4. Word cloud for the high-level
topic “usefulness.” topic “convenience and efficiency”

Usefulness is another key factor that could impact satisfaction with telehealth mobile apps and services. In
this context, usefulness is related to how users perceive the usefulness of the provided care services by the
telehealth app. In this context, users are mainly interested in the app being useful in general, being helpful,
and providing them with great experience while using the app and being informative. Figure 3 shows a high-
level representation of the “usefulness” factor using a word cloud. Example reviews that support this factor
include: “Very useful and helpful. Friendly and always asking the right questions”, “I find it very useful
and helpful”, “useful, helpful and ask plenty of questions to get diagnosis, but still quick and to the point.
much appreciated!”, “Extremely helpful and useful. Easy to use. Great care provided”, “Excellent
experience. Very useful, helpful, safe and secure”, and “It was really helpful and useful experience.”

Convenience and efficiency are considered a key factor in adopting and using telehealth mobile apps and
services. In this context, convenience and efficiency are related to accessibility. It is related to remote access
to healthcare services, convenient access to care from home, prompt service, and the ability to access
different health-related information. Figure 4 shows a high-level representation of the “convenience and
efficiency” factor using a word cloud. Example reviews that support this factor include: “Quick and helpful
care! Was treated quickly and professionally while sitting at home”, I love this app very helpful no long
wait times and wait at home!”, “Easy to use. I am homebound. This site makes mental health care
accessible to me! Thank you”, “Fast response time. Professional help from home”, and “Always prompt
and professional. What an excellent way to access a doctor from home.”

awesome dr FeaLLy

Hsereatdpp i professional

asy usenelpTul’ g ;

mgn ey d O C t O r \; ‘l\‘no\'.‘ledgeable

igsurance: doctor- -

cheapertlme-money.

Figure 5. Word cloud for the high-level Figure 6. Word cloud for the high-level
topic “cost and affordability .” topic “professionalism and expertise.”

perjience

ex

Cost in general could impact users’ satisfaction with telehealth mobile apps and services. In this context,
the cost is related to the fact that telehealth service is covered by insurance, is worth the money, and the
ability to save money given the affordable prices. Figure 5 shows a high-level representation of the “cost
and affordability” factor using a word cloud. Example reviews that support this factor include: “So fast and
my insurance covered so no cost”, “Quick, to-the-point visit, cost with insurance was good. Doctor was
great, very nice and very helpful.”, “Great time and money saving App! If your insurance will cover it, it
is”, “My insurance covered the cost, and the Dr visit was less than 5 minutes!! Definitely convenient and
worth it!”, and “Very easy to use and with my insurance the cost was very economical!!”

Professionalism and expertise have been widely discussed by telehealth apps and seem to play a significant
role in users’ satisfaction with these apps. In this study, professionalism and expertise refer to the users’
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ability to see professional, knowledgeable, and friendly doctors, therapists, and care providers. Users stated
that these professionals were extremely helpful, trustworthy, and shared useful knowledge about their
health conditions as if they were attending the appointment in person. Figure 6 shows a high-level
representation of the “professionalism and expertise” factor using a word cloud. Example reviews that
represent this factor include: “Great experience doctor was professional and knowledgeable”, “Doctor was
very professional and knowledgeable”, “Knowledgeable professionals”, “It was my first time. I had a great
experience. Dr. was very friendly, professional and care”, “Great experience very timely response very
knowledgeable care givers”, “Easy to use with professional & knowledgeable providers & short wait
times”, and “Always an experienced medical professional from the convenience of my home.”

FHeEapE ey
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Figure 7. Word cloud for the high-level Figure 8. Word cloud for the high-level topic

topic “comprehensive care support.” “technical performance and connectivity.”

Comprehensive care support is a critical factor for the success of the telehealth app. In this context,
comprehensive care support is all about integrated healthcare services that support different patients’ needs
including but not limited to prescription refills, mental care provision, therapy sessions, and
question/answer sessions. Figure 7 shows a high-level representation of the “comprehensive care support”
factor using a word cloud. Example reviews that support this factor include: “A very good experience. Easy
to answer questions speak with the doctor and see her as well”, “Has a lot of answers from speaking with
the doctors. Helps with medical and mental health concerns”, “Need a quick telehealth or mental health
appointment...this is the place! So many professional caring people”, “The therapist are great! They even
have psychologists for therapy Professional and informative staff”’, “and “Great service! Saved time and
money for an ear infection.”

Given the unique features of any mobile app, technical performance and connectivity are crucial to the
success of several apps, especially in the healthcare domain. In this study, technical performance and
connectivity are related to users’ ability to connect with the service provider flawlessly without any
connectivity issues as well as having clear and quality audio/video connections. Figure 8 shows a high-level
representation of the “technical performance and connectivity” factor using aword cloud. Example reviews
that represent this factor include: Great audio. The quality of the video is awesome”, “Pretty good video
and audio quality, overall good app”, “No lagging, no buffering, great video and audio quality”, “I have
had zero problems with connectivity or reliability. Great way to do therapy”, “Great experience, it was
easy to use, and connectivity really wasn't an issue”, and “Easy to access, great connectivity and

functionality.”
Discussion

In this study we aim to study factors that affect users’ satisfaction with telehealth mobile apps. We analyzed
users’ reviews of popular telehealth apps from the Google Play Store. Such reviews reflect opinions and
experiences from the actual use of the apps compared to approaches that study a small sample size of users.
According to the results from BERTopic analysis, we have identified seven key factors related to usability
and satisfaction with telehealth apps, these factors include usability (ease of use), usefulness, convenience
and efficiency, cost and affordability, technical performance and connectivity, professionalism and
expertise, and comprehensive care support.

Ease of use has a high impact on the users’ satisfaction with any technologies or services. In the context of
telehealth services via mobile apps, users reported ease of use of the app, ease of navigation, and being user
friendly as the main contributors to users’ satisfaction, which in turn could affect the acceptance and
adoption of telehealth apps and services. The more easy the telehealth app, the more likely the patients will
accept the app and use the service provided (Woo and Dowding 2018; Zhou et al. 2019). The usefulness of
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the telehealth app is another critical factor that is related to users’ satisfaction. The usefulness of the
telehealth app is related to how users perceive the usefulness of the provided care services by the telehealth
app. According to Ekeland et al., (2010), telehealth services are useful for different conditions including
psychological interventions, respiratory conditions, smoking cessation programs, secondary prevention of
coronary heart disease, telepsychiatry, therapy for anxiety disorders, cognitive behavioral therapy, chronic
diseases, and physical activity interventions (Ekeland et al. 2010).

Convenience and efficiency are related to accessibility. Accessibility is the core of any healthcare app that
supports patients who seek care anytime they need it. Accessibility is achieved through prompt services,
access to care from anywhere and anytime, including rural areas, and during pandemics, and the ability to
access personal health records. The COVID-19 pandemic increased the use of telehealth services due to
lockdowns and restrictions imposed by governments. Such use was effective and provided the needed access
to care services for different people in different locations, making virtual care a reality (Wosik et al. 2020b).
Telehealth services are considered an optimal solution to provide patients with access to care by providing
them with a convenient option to seek care services, access healthcare services, and meet with care
providers regardless of location (Snoswell et al. 2020b). Accessibility and access to care was also cited as a
factor that could positively affect the acceptance and adoption of telehealth services (Woo and Dowding
2018).

Telehealth is increasingly adopted by healthcare providers as well as patients due to potential savings in the
overall cost of care, while maintaining the quality of care like in-person care. Cost and affordability in the
context of telehealth apps is related to insurance coverage of the telehealth service, ability to save money,
and the fact that the service is worth the money being paid. Several studies and reviews showed that
telemedicine in general, including telehealth, seemed to be cost-effective (Ekeland et al. 2010). Telehealth
could save money on the patients’ side while increasing the return on investment (ROI) on the care provider
side (Snoswell et al. 2020b). With the COVID-19 pandemic, Medicare has been expanded to cover telehealth
services, at no extra costs (Anderson et al. 2022) to encourage patients to use the service. Woo & Dowding,
(2018) showed that cost has a significant positive effect on patients’ attitudes toward the use of telehealth.

Telehealth video and audio quality connection is a crucial aspect of telehealth apps. The use of such services
has increased during the COVID-19 pandemic (Mirone et al. 2023), leading to a need for efficient and
accurate video-quality tools. In general, these technologies could help facilitate access to and provision of
care to patients in different settings. However, quality issues can affect such services (Tulu 2005) and
reduce patients’ satisfaction. Professionalism and expertise are crucial for the successful delivery of care
using telehealth apps. Telehealth apps provide a platform for leveraging virtual expertise and improving
patient care through knowledge sharing (Wan and Alagar 2015; Whaley et al. 2021) as well as the ability of
care providers to answer patients’ questions. Finally, comprehensive care support is critical for users to
adopt and use telehealth apps. Telehealth has been used for different conditions and different settings,
including but not limited to diabetes AND neurological conditions (Leonard et al. 2023; Lewinski et al.
2022). For many conditions, telehealth apps could be used as a supplement or adjunct to in-person care
(Doarn 2021). Overall, telehealth has shown promise in managing various conditions and needs of patients.

Conclusion

Telehealth mobile apps are considered critical in providing and promoting access to care via telehealth
services. In this study, telehealth app users expressed several factors that could impact users’ satisfaction
with telehealth apps. These include usability (ease of use), usefulness, convenience and efficiency, cost and
affordability, technical performance and connectivity, professionalism and expertise, and comprehensive
care support. From a practical perspective, the study provides insights into factors that can affect the
acceptability and use of telehealth apps, which could also enhance the features of the apps and improve
usability. The current findings could also help healthcare facilities managers consider telehealth apps as an
opportunity to reduce costs for the care providers and patients, improve return on investment, and
reconsider resource allocations, service options, and healthcare delivery options.
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