consumer sleep technology accuracy

Understanding Consumer Sleep Technology Accuracy: A Deep Dive into Your Sleep Data

consumer sleep technology accuracy is a topic of increasing interest as more individuals turn to wearable
devices, apps, and smart home gadgets to monitor and improve their sleep. These technologies promise
insights into sleep stages, duration, quality, and even potential sleep disorders. However, a crucial question
remains: how reliable is the data these devices provide? This article will explore the multifaceted landscape
of consumer sleep technology accuracy, examining the underlying technologies, the factors influencing
their precision, and what users can expect. We will delve into the science behind sleep tracking, the
limitations of current consumer-grade devices compared to clinical polysomnography (PSG), and offer
guidance on interpreting sleep data responsibly. Understanding these nuances is essential for anyone

relying on these tools to make informed decisions about their health and well-being.
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Introduction to Sleep Tracking Technologies

The proliferation of consumer sleep technology has democratized sleep monitoring, making it accessible to
the average person. From smartwatches and fitness trackers to bedside devices and smartphone apps, the
options for tracking sleep are vast and varied. These devices aim to provide users with a quantifiable
understanding of their nightly rest, identifying patterns and potential areas for improvement. The
underlying promise is simple: better data leads to better sleep. However, the complexity of human sleep, a
dynamic and intricate biological process, presents significant challenges for even the most sophisticated

consumer devices.

These technologies leverage various sensors and algorithms to interpret physiological signals associated with
sleep. The goal is to approximate the detailed insights typically gathered in a clinical sleep lab. While
advancements have been remarkable, it's vital to understand that consumer-grade devices are designed for
general wellness and awareness, not for definitive medical diagnosis. The accuracy of their readings is a
subject of ongoing research and development, with a clear distinction often drawn between the capabilities

of these personal devices and gold-standard medical assessments.



How Consumer Sleep Trackers Work

Consumer sleep trackers primarily rely on a combination of sensors to gather data during sleep. The most
common sensor is the accelerometer, which detects movement. The assumption is that less movement
correlates with deeper sleep, while more movement might indicate lighter sleep or wakefulness.
However, this is a simplification, as some sleep stages can involve subtle movements, and some individuals

may be restless even in light sleep.

Many advanced trackers also incorporate heart rate sensors (photoplethysmography or PPG) and sometimes
heart rate variability (HRV) monitoring. Changes in heart rate and its rhythm are closely linked to
different sleep stages. For instance, heart rate typically slows down during deep sleep and can become
more erratic during REM sleep. Furthermore, some devices may include microphones to detect snoring or

ambient noise, which can also influence sleep quality and duration.

Accelerometer-Based Tracking

The foundation of most sleep tracking lies in accelerometers. These devices measure the magnitude and
direction of movement. Algorithms are then employed to interpret these movement patterns. For
example, prolonged periods of stillness are often interpreted as sleep. Periods of significant movement are
flagged as wakefulness or restless sleep. The effectiveness of this method is heavily dependent on the

sophistication of the algorithm and the individual's natural sleep movements.

Heart Rate and Heart Rate Variability (HRV) Monitoring

Heart rate monitoring adds another layer of data to sleep analysis. As mentioned, heart rate patterns change
predictably across different sleep stages. During deep sleep (NREM stage 3), heart rate and breathing are at
their lowest. During REM sleep, heart rate can become more variable and sometimes even increase,
mirroring patterns seen during wakefulness. HRV, the variation in time between heartbeats, also provides
insights into autonomic nervous system activity, which is highly regulated during sleep and can

differentiate between sleep stages.

Other Sensor Integration

Some higher-end consumer devices may integrate additional sensors. Ambient light sensors can help
determine when you fall asleep and wake up based on your bedroom environment. Microphones can
detect environmental disturbances like snoring or external noises that might be impacting sleep quality.
Advanced sleep systems may even include temperature sensors or breathing rate monitors, though these

are less common in typical wearables.



Accuracy of Sleep Stage Detection

The primary challenge and most debated aspect of consumer sleep technology is the accuracy of sleep stage
detection. Sleep is typically divided into two main types: Non-Rapid Eye Movement (NREM) sleep and
Rapid Eye Movement (REM) sleep. NREM sleep is further divided into stages N1 (light sleep), N2
(deeper light sleep), and N3 (deep or slow-wave sleep). Each stage has distinct physiological characteristics.

Consumer devices attempt to infer these stages based on movement and heart rate data. While they can
often differentiate between wakefulness and sleep, and sometimes between lighter sleep and deeper sleep,
distinguishing between the specific NREM stages and REM sleep is considerably more difficult without
the direct brain activity measurements (electroencephalography or EEG) provided by clinical

polysomnography.

Distinguishing Wakefulness and Sleep

Most consumer sleep trackers are relatively accurate at identifying when you are awake and when you
are asleep. This is largely due to the accelerometer's ability to detect significant movement. If you are
moving around, the device will likely register you as awake. When you are still for an extended period, it

will begin to interpret that as sleep onset. This basic function is generally reliable for most users.

Challenges in Differentiating Sleep Stages

The real challenge lies in accurately categorizing the different sleep stages. REM sleep, for instance, is
characterized by rapid eye movements, muscle atonia (paralysis), and brain activity that resembles
wakefulness. Detecting REM sleep accurately requires sophisticated algorithms that can interpret subtle
physiological cues like heart rate patterns and muscle twitches, which are not always distinct enough in
consumer devices. Similarly, differentiating between N1, N2, and N3 can be difficult. N3, or deep sleep, is
associated with slow brain waves and minimal movement, but some individuals might be less active during

lighter sleep stages, leading to potential misclassification.

Limitations of Movement and Heart Rate Data

Relying solely on movement and heart rate data presents inherent limitations. A person could be lying
perfectly still in bed but not actually asleep (e.g., reading or meditating). Conversely, someone might
experience leg twitches or periodic limb movements during sleep that are not indicative of wakefulness
but can be misread by accelerometers. Heart rate alone isn't always definitive either, as it can be influenced

by factors other than sleep stage, such as stress, recent exercise, or illness.



Factors Affecting Sleep Tracker Accuracy

Several factors can influence the accuracy of consumer sleep technology. User-specific physiology plays a
significant role, as does the way the device is worn. Environmental conditions and the specific algorithms
used by the manufacturer also contribute to the data's reliability. Understanding these variables can help

users interpret their sleep reports with a more critical and informed perspective.

User Physiology and Sleep Habits

Individual differences in how people sleep can affect tracker accuracy. Someone with very restless sleep
may have their "sleep" time inflated due to frequent movements being misinterpreted as wakefulness.
Conversely, a very still sleeper might have their wake-up times inaccurately recorded if they lie in bed
for a while before getting up. Athletes with high resting heart rates might also present unique challenges

for algorithms trained on broader populations.

Device Fit and Placement

The fit and placement of a wearable sleep tracker are crucial for accurate readings. A device that is too loose
may slide around on the wrist, leading to inaccurate movement data. If the heart rate sensor is not in good
contact with the skin, it can produce erroneous readings. Similarly, bedside devices need to be positioned

correctly to capture breathing patterns or movements effectively.

Algorithm Sophistication and Updates

The algorithms used by sleep tracking companies are proprietary and vary significantly in their
sophistication. Manufacturers continuously update these algorithms to improve accuracy. However,
different algorithms may prioritize different metrics or employ different assumptions, leading to
discrepancies between devices. The scientific rigor behind these algorithms is not always transparent to the

consumer.

Environmental Factors

External factors can also impact sleep tracking. For example, a noisy environment or fluctuating room
temperatures might cause a user to wake up or move more, which the tracker will record. While some
devices attempt to account for environmental noise, their ability to precisely disentangle external

disturbances from intrinsic sleep patterns is limited.



Consumer Sleep Tech vs. Polysomnography (PSG)

To truly understand the accuracy of consumer sleep technology, it’s essential to compare it to the gold
standard: polysomnography (PSG). PSG is a comprehensive overnight sleep study conducted in a clinical
setting. It involves placing electrodes on the scalp to measure brain waves (EEG), sensors around the eyes
to track eye movements (EOG), and electrodes on the chin to monitor muscle activity (EMG). These direct
measurements provide a detailed, objective assessment of sleep stages and can identify a wide range of sleep

disorders.

Consumer devices, by contrast, rely on indirect physiological measures. While they can offer valuable
trends and insights for general wellness, they lack the detailed physiological data captured by PSG.

Therefore, their accuracy in classifying sleep stages is considerably lower.

Polysomnography (PSG): The Gold Standard

Polysomnography is the benchmark against which all other sleep assessment methods are measured. It
captures multiple physiological signals simultaneously, including brain activity, eye movements, muscle
tone, breathing patterns (airflow, effort, oxygen saturation), and heart rhythm. This comprehensive data set
allows sleep specialists to accurately diagnose sleep disorders like sleep apnea, insomnia, and narcolepsy, and

to precisely define sleep architecture.

Limitations of Consumer Devices Compared to PSG

Consumer sleep trackers are fundamentally limited by the sensors they employ. They do not measure
brain waves, making definitive identification of REM sleep and the nuances of NREM stages impossible.
Their reliance on proxies like movement and heart rate means that their classifications are inferences
rather than direct measurements. Consequently, studies comparing consumer trackers to PSG often show
significant discrepancies in sleep stage scoring, particularly for REM and deep sleep. While some devices
may achieve high accuracy in differentiating between wakefulness and sleep, their ability to precisely map

out the entire night's sleep architecture is limited.

When to Rely on Consumer Data

Consumer sleep technology is best used for tracking general sleep trends, identifying potential disruptions,
and monitoring the impact of lifestyle changes on sleep duration and perceived quality. For example, if a
user notices a consistent decrease in their reported deep sleep after starting a new evening routine, it
might prompt them to investigate further. However, it should never be used as a substitute for professional

medical advice or diagnosis, especially when suspecting a sleep disorder.



Interpreting Your Sleep Data

Interpreting the data generated by consumer sleep technology requires a nuanced approach. While these
devices provide fascinating insights, it’s crucial to avoid treating every number as an absolute truth.
Understanding the limitations of the technology and focusing on trends rather than exact figures is key to

gaining meaningful benefit.

Users should look for patterns over time. A single night’s data might be anomalous due to illness, stress, or
external disturbances. Consistent trends, however, can indicate underlying issues or positive changes. For
example, a consistent pattern of low deep sleep over several weeks might warrant a conversation with a
healthcare provider. Similarly, if a new sleep hygiene practice consistently leads to an increase in reported

sleep duration or a reduction in wakefulness, it's a good indicator of its effectiveness.

Focus on Trends, Not Single Data Points

The most valuable information from consumer sleep trackers comes from observing trends over days,
weeks, and months. A single night with a low percentage of deep sleep might be due to a late meal, a
stressful day, or a disrupted schedule. However, if your tracker consistently reports low deep sleep over a
prolonged period, it's a signal that might warrant further investigation. Similarly, improvements in sleep
efficiency or duration that are consistently observed after implementing new sleep habits are strong

indicators of positive change.

Understanding Sleep Metrics

It's important to understand what each metric represents. Sleep duration is the total time spent asleep. Sleep
efficiency is the percentage of time spent asleep while in bed. Wakefulness includes both planned periods

of being awake and unplanned awakenings during the night. Deep sleep and REM sleep are the stages that
consumer devices often estimate with varying degrees of accuracy. Knowing that these are estimations and

not direct measurements is crucial for appropriate interpretation.

When to Consult a Healthcare Professional

Consumer sleep trackers are valuable tools for self-awareness but should never replace professional medical
advice. If you experience persistent symptoms of poor sleep, such as excessive daytime sleepiness, difficulty
falling asleep or staying asleep, loud snoring, or gasping for air during sleep, it is essential to consult a doctor
or a sleep specialist. These devices can provide supplementary data for your doctor, but a formal diagnosis

requires clinical evaluation and, often, PSG.



The Future of Consumer Sleep Technology Accuracy

The field of consumer sleep technology is rapidly evolving, with ongoing research and development
focused on improving accuracy and expanding capabilities. Advancements in sensor technology, artificial
intelligence, and machine learning are poised to make these devices more sophisticated and insightful. The
goal is to bridge the gap between consumer-grade tracking and clinical-grade diagnostics, offering users

more reliable and actionable data.

Future iterations of sleep trackers may incorporate more advanced biosensors capable of capturing signals
closer to those used in PSG, such as subtle changes in brainwave activity or more precise respiratory rate
monitoring. Al-powered algorithms will become even better at interpreting complex physiological data,
learning individual sleep patterns, and adapting to unique user profiles. Integration with other health

tracking devices and platforms will also likely become more seamless, providing a more holistic view of

one's overall well-being and its impact on sleep.

Advancements in Sensor Technology

Future consumer sleep technologies are likely to feature more sophisticated sensors. This could include
improvements in PPG sensors for more accurate heart rate and HRV readings, as well as the potential
integration of non-invasive EEG-like sensors that can detect rudimentary brainwave patterns. Innovations
in motion sensing technology may also lead to more refined detection of subtle movements and sleep

posture, further enhancing the ability to differentiate sleep stages.

The Role of Al and Machine Learning

Artificial intelligence and machine learning will play a pivotal role in enhancing the accuracy of consumer
sleep technology. These technologies can analyze vast datasets of physiological signals and learn to identify
complex patterns associated with different sleep stages more effectively. Al can also personalize sleep
analysis, taking into account individual variations in physiology and sleep behavior to provide more tailored
and accurate insights. As algorithms become more sophisticated, they will be better equipped to filter out

noise and extract meaningful data.

Towards More Clinically Relevant Data

The ultimate aim for many in the industry is to develop consumer devices that can provide data with a
higher degree of clinical relevance. While a full PSG replacement is unlikely in the near future for mass-
market devices, there's a clear trend towards improving the accuracy of sleep stage detection and
identifying potential sleep abnormalities that can be flagged for further medical investigation. This could

empower individuals to take proactive steps towards better sleep health and seek professional help earlier



when needed.

FAQ

Q How accurate are wearable sleep trackers at detecting REM sleep?

A: The accuracy of wearable sleep trackers in detecting REM sleep varies significantly. While some
advanced devices can estimate REM sleep with reasonable accuracy for general trend analysis, they
generally fall short of the precision achieved by clinical polysomnography (PSG) which directly measures
brainwave activity. Relying solely on wearable data for definitive REM sleep measurement is not

recommended.

Q Can consumer sleep trackers diagnose sleep apnea?

A: No, consumer sleep trackers are not designed to diagnose sleep apnea. While some devices can detect
snoring or periods of restlessness that might be associated with breathing disturbances, they lack the
medical-grade sensors and diagnostic capabilities required for a definitive diagnosis. Individuals suspecting

sleep apnea should consult a healthcare professional for a proper sleep study.

Q How do smartphone sleep tracking apps compare in accuracy to
wearable devices?

A: Generally, wearable devices tend to offer higher accuracy than smartphone sleep tracking apps.
Wearables typically utilize multiple sensors like accelerometers and heart rate monitors, providing richer
physiological data. Smartphone apps often rely solely on motion detection and sound analysis, which are less

precise in differentiating sleep stages or detecting subtle physiological changes.

Q: Is it better to use a smartwatch or a dedicated sleep tracker for
accuracy?

A: The accuracy depends more on the specific technology and algorithms used by the manufacturer rather
than whether it's a smartwatch or a dedicated sleep tracker. Many smartwatches incorporate advanced
sleep tracking features, rivaling dedicated devices. It's important to research individual product reviews

and studies that compare their accuracy against PSG for specific models.



Q: Why is deep sleep measurement often reported as less accurate by
consumer devices?

A: Deep sleep (NREM stage 3) is characterized by slow brain waves and minimal muscle activity.
Accurately detecting this stage requires precise measurement of brain activity (EEG), which most
consumer devices do not possess. They infer deep sleep based on reduced movement and heart rate, which
can be confounded by other factors, leading to less reliable readings compared to more sophisticated sleep

stages.

Q: Can sleep tracker data be used to monitor the effectiveness of sleep
improvement strategies?

A: Yes, consumer sleep trackers can be very useful for monitoring the general effectiveness of sleep
improvement strategies. By tracking trends in metrics like sleep duration, time to fall asleep, and
wakefulness over time, users can observe whether changes in their lifestyle, such as establishing a

consistent bedtime or improving sleep hygiene, are leading to positive shifts in their sleep patterns.

Q: How often should I recalibrate or update my sleep tracking device for
better accuracy?

A: Most modern sleep tracking devices receive automatic firmware and software updates from the
manufacturer, which often include algorithm improvements aimed at enhancing accuracy. It's advisable to
ensure your device is connected to Wi-Fi or its companion app regularly to receive these updates. Manual

recalibration is usually not required unless prompted by the manufacturer.

Q: Are there specific sleep trackers that are scientifically validated for
accuracy?

A: While many consumer sleep trackers undergo internal validation, few have been rigorously validated
against polysomnography (PSG) in independent, peer-reviewed scientific studies. Some research studies
may focus on specific brands or models. It's beneficial to look for published research that specifically

evaluates the accuracy of the sleep tracker you are considering.

Q What is the acceptable margin of error for consumer sleep technology
accuracy?

A: There isn't a universally defined "acceptable margin of error” for all consumer sleep technology.
However, research comparing consumer devices to PSG often highlights significant variability, especially

in sleep stage classification. For basic sleep/wake detection, accuracy can be quite high (e.g., 80-90%), but for



differentiating REM and deep sleep, accuracy can drop considerably, sometimes below 50% in less

advanced devices.
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Managing Oral Appliance Therapy Side Effects; Positional Therapy for Positional Obstructive Sleep
Apnea; Pharmacologic and Nonpharmacologic Treatment of Restless Legs Syndrome; Drugs Used in
Parasomnia; Drugs Used in Circadian Sleep-Wake Rhythm Disturbances; Sleep in the Aging
Population; and Sleep, Health, and Society.

consumer sleep technology accuracy: Human Interaction, Emerging Technologies and Future
Applications II Tareq Ahram, Redha Taiar, Vincent Gremeaux-Bader, Kamiar Aminian, 2020-04-02
This book reports on research and developments in human-technology interaction. A special
emphasis is given to human-computer interaction, and its implementation for a wide range of
purposes such as healthcare, aerospace, telecommunication, and education, among others. The
human aspects are analyzed in detail. Timely studies on human-centered design, wearable
technologies, social and affective computing, augmented, virtual and mixed reality simulation,




human rehabilitation and biomechanics represent the core of the book. Emerging technology
applications in business, security, and infrastructure are also critically examined, thus offering a
timely, scientifically-grounded, but also professionally-oriented snapshot of the current state of the
field. The book is based on contributions presented at the 2nd International Conference on Human
Interaction and Emerging Technologies: Future Applications, IHIET-AI 2020, held on April 23-25, in
Lausanne, Switzerland. It offers a timely survey and a practice-oriented reference guide to
researchers and professionals dealing with design and/or management of the new generation of
service systems.

consumer sleep technology accuracy: Sport and Physical Activity in the Heat Douglas ]. Casa,
2018-02-19 This unique book is the first of its kind to specifically explore the science, medicine,
challenges and successful experiences of assisting those who must perform and thrive in hot
conditions, with an eye toward maximizing both performance and safety. Beginning with both human
and comparative physiology as it relates to coping with the heat, key concepts are subsequently
elaborated, including heat acclimatization, work-to-rest ratios, hydration, sleep, the effects of
altitude, and the use of drugs and supplements. The sections that follow discuss heat-related
considerations in individual and team sports and other populations, monitoring techniques, and
medical and legal issues. Athletes, warfighters and laborers are often forced to perform intense
physical activity in the heat as a part of their jobs or lifestyle. The process of properly preparing for
this challenge is multifaceted and often not fully understood or utilized. Sport and Physical Activity
in the Heat is an excellent resource for team physicians, high-level coaches, serious athletes, athletic
trainers, exercise scientists, strength and conditioning coaches, industrial hygienists, military
commanders, or anyone involved in the process of maximizing performance and safety during
exercise in the heat for the athlete, warfighter, or laborer.

consumer sleep technology accuracy: Sleep Medicine: Current Challenges and its Future, An
Issue of Sleep Medicine Clinics, An Issue of Sleep Medicine Clinics Barbara Gnidovec Strazisar,
2021-07-30 This issue of Sleep Medicine Clinics, guest-edited by Dr. Barbara G Strazisar, focuses on
Sleep Medicine: Current Challenges and its Future. This issue is one of four selected each year by
series Consulting Editors, Dr. Teofilo Lee-Chiong and Anna C. Krieger. Articles include but are not
limited to: Sleep apnea services during the COVID-19 pandemics. Experiences from the Swedish
Sleep Apnea Registry (SESAR), Telemedicine in sleep-disordered breathing. Expanding the horizons,
The future of sleep scoring, Networking and certification of sleep professionals and sleep centres. A
need for standardized guidelines, New trends and new technologies in sleep medicine. Expanding
the accessibility, Sleep medicine in elderly. Reducing the risk of comorbidities at autumn of life,
Pediatric sleep medicine. Current Challenges and its Future, Sleep in neurological disorders and
Future trends in the treatment of narcolepsy and hypersomnias.

consumer sleep technology accuracy: Atlas of Sleep Medicine Robert J. Thomas, Sushanth
Bhat, Sudhansu Chokroverty, 2023-12-03 This authoritative and updated Atlas provides a
comprehensive span of topics across all of sleep medicine, including old to futuristic approaches. It
captures the significant changes and advances in the field and a wealth of new visual information
available since the last edition. Edited and contributed by leaders in the art and science of sleep
medicine, the Atlas highlights how the field of sleep medicine is truly a mix of several medical
specialties. The field continues to rapidly evolve with research leading to some future directions.
This Atlas remains a standard reference for Sleep Physicians, including Sleep Fellows and other
trainees in Sleep Medicine, Sleep Technologists, and Sleep researchers.

consumer sleep technology accuracy: Your Inner Genius Azhar ul Haque Sario, 2024-12-27
Want to unlock your inner genius? This book is your guide to building awesome habits that will help
you thrive in school, at home, and in life! Inside, you'll discover how your brain works, why mistakes
are actually good for you, and the secrets to getting a good night's sleep. Learn how to master your
memory, achieve your goals, and even conquer procrastination! We'll explore cool stuff like
mindfulness, creative thinking, and how to be a kind and awesome person. Plus, you'll get tips on
navigating the digital world, managing your money, and becoming a leader. This isn't just another




boring book about habits! It's packed with fun facts, real-life stories, and interactive challenges.
You'll learn how to train your attention like a Jedi Master, boost your brainpower, and even become
an eco-warrior. This book goes beyond basic advice, giving you the tools to understand yourself
better and create positive change in your life and the world around you. Get ready to unleash your
amazing potential!

consumer sleep technology accuracy: Quantifying Quality of Life Katarzyna Wac, Sharon
Waulfovich, 2022-04-13 This open access book presents the rise of technology-enabled methods and
tools for objective, quantitative assessment of Quality of Life (QoL), while following the WHOQOL
model. It is an in-depth resource describing and examining state-of-the-art, minimally obtrusive,
ubiquitous technologies. Highlighting the required factors for adoption and scaling of
technology-enabled methods and tools for QoL assessment, it also describes how these technologies
can be leveraged for behavior change, disease prevention, health management and long-term QoL
enhancement in populations at large. Quantifying Quality of Life: Incorporating Daily Life into
Medicine fills a gap in the field of QoL by providing assessment methods, techniques and tools.
These assessments differ from the current methods that are now mostly infrequent, subjective,
qualitative, memory-based, context-poor and sparse. Therefore, it is an ideal resource for physicians,
physicians in training, software and hardware developers, computer scientists, data scientists,
behavioural scientists, entrepreneurs, healthcare leaders and administrators who are seeking an
up-to-date resource on this subject.

consumer sleep technology accuracy: Principles and Practice of Sleep Telemedicine
Christine Won, Meir H. Kryger, 2024-04-09 Today more than ever, sleep specialists can take
advantage of innovative telemedicine technologies for optimal treatment of sleep disorders. In
recent years, the American Academy of Sleep Medicine (AASM) has been committed to advancing
the adoption of telemedicine in order to improve access to high-quality, patient-centered care.
Principles and Practice of Sleep Telemedicine is the first reference of its kind to provide direction to
sleep physicians on using telemedicine in clinical practice. In a single convenient volume, this new
resource serves as a step-by-step guide for practitioners to effectively treat and diagnose their
patients in this contemporary clinical setting. - Presents the knowledge and expertise of Dr.
Christine Won, who has served in the AASM's development of updated telemedicine guidelines, and
renowned author and sleep medicine expert Dr. Meir Kryger - Covers the telemedicine topics that
sleep medicine practitioners most want to know—not only clinical topics on virtual interaction with
patients, but also logistical, technical, and administrative details - Includes resources for setting up a
telemedicine service, information on legal and regulatory issues, and insight on how COVID-19 has
changed the telemedicine landscape - Contains pearls and advice on common pitfalls practitioners
are likely to encounter when administering virtual patient care, provided by pioneers in the field of
telemedicine
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