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Sleep Trackers Everywhere: How does one choose? 
12 December 2023 – With the growing number and variety of wearable sleep tracking devices 
in the market today, users are often unsure which one best fit their needs. Commentaries by 
consumer facing reviewers often look at features that researchers or clinicians treating 
patients do not. The latter are influential, but because they predominantly face persons with 
sleep complaints and not those who are mostly healthy, the goals of the latter—to self-
understand sleep and maintain or improve it—tend to be submerged by technical concerns 
that may not be relevant.   

Spurred by a desire to provide clear guidance to persons with health improvement in mind, a 
team of researchers led by Professor Michael Chee, Director of the Centre of Sleep and 
Cognition at the Yong Loo Lin School of Medicine, National University of Singapore (NUS 
Medicine) and Assistant Professor Ju Lynn Ong from the same Centre, evaluated the sleep 
tracking performance of different categories of wearable devices against a reference system, 
this time taking a user’s perspective in the approach to testing and framing of the findings.  

60 participants, evenly spaced between 18 to 70 years old, participated in this study. Each 
participant concurrently tested six devices. Data from participants who did not sleep well on 
the first night of testing were retained to emulate the real-life scenario of having a poor night 
of sleep. 

Six devices were compared against polysomnography (PSG), the relatively immobile, 
expensive, and labour-intensive reference instrument for sleep measurement in clinics and 
laboratories. 

The devices tested fell into four categories. The first was a research-grade 
electroencephalogram or EEG headband that records brain electrical signals. Such devices 
approximate the sleep staging performance of a lab PSG. While portable, they cannot be 
readily purchased over-the-counter, and a quarter of participants were uncomfortable sleeping 
with it.  

The second category of devices tested was a ‘research actigraph’, which infers sleep only 
from assessing moment-to-moment fluctuations in limb movement. Many researchers 
continue to use such instruments, and some maintain that they are better than consumer 
wearables.  

The third category of devices (one wrist-worn, one ring-based) belong to a class of iteratively-
improved, multi-sensor consumer sleep trackers, where both sleep-staging algorithms and 
hardware refinements have been made over time. Multi-sensor trackers combine information 
from motion, heart rate and temperature sensors, as well as sensor-free modelling of expected 
sleep patterns to infer and stage sleep without measuring brain electrical signals.  



In theory, such a device should be superior to a ‘research actigraph’ because of having more 
sensors. Indeed, the well-validated non-EEG wearables showed superior performance. In 
persons with good sleep efficiency, a majority (80-90%) of nights from such devices were also 
within the clinically accepted 30-minute bound for common sleep measurements. 

However, just adding on sensors and sleep algorithms does not make for a quality device that 
outperforms ‘research actigraphy’.  This was shown in the poor performance, especially for 
wake detection in the fourth category of low-cost wrist-worn multi-sensor devices, with 
accuracies of just 33%.  

For 4-stage (wake, light, deep vs. REM) classification, the research-grade EEG headband 
again performed the best. Among other devices, the ring-based wearable Oura came second. 
The research team felt that with wearables, just focusing on sleep/wake detection is more 
relevant to most users.  Sleep timing, regularity and duration which arise from such data are 
amenable to improvement by lifestyle changes, while sleep stage durations are not readily 
modifiable. 

The findings underscore the importance of considering user needs when selecting an 
appropriate sleep tracker. For most users who are relatively healthy, who do mostly do not 
have difficulty initiating or maintaining sleep, but who want to keep tabs on their sleep habits 
to maintain or improve them, iteratively-improved non-EEG wearables are well suited for this 
specific purpose. Consumers should be wary that while many wearable sleep trackers appear 
to have the same sensors and displays, there are underlying technicalities that clearly 
distinguish better, reputable devices from the rest.  

The paper is published in Sleep Health: Journal of the National Sleep Foundation, and can 
be accessed from this URL:  
https://www.sciencedirect.com/science/article/pii/S235272182300267X.  
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About National University of Singapore (NUS)  
 
The National University of Singapore (NUS) is Singapore’s flagship university, which offers a 
global approach to education, research and entrepreneurship, with a focus on Asian 
perspectives and expertise. We have 16 colleges, faculties and schools across three 
campuses in Singapore, with more than 40,000 students from 100 countries enriching our 
vibrant and diverse campus community. We have also established more than 20 NUS 
Overseas Colleges entrepreneurial hubs around the world.  
 
Our multidisciplinary and real-world approach to education, research and entrepreneurship 
enables us to work closely with industry, governments and academia to address crucial and 
complex issues relevant to Asia and the world. Researchers in our faculties, research centres 
of excellence, corporate labs and more than 30 university-level research institutes focus on 
themes that include energy; environmental and urban sustainability; treatment and prevention 
of diseases; active ageing; advanced materials; risk management and resilience of financial 
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systems; Asian studies; and Smart Nation capabilities such as artificial intelligence, data 
science, operations research and cybersecurity.  
 
For more information on NUS, please visit nus.edu.sg. 
 
About the NUS Yong Loo Lin School of Medicine (NUS Medicine)  
 
The NUS Yong Loo Lin School of Medicine is Singapore’s first and largest medical school. 
Our enduring mission centres on nurturing highly competent, values-driven and inspired 
healthcare professionals to transform the practice of medicine and improve health around the 
world.  
 
Through a dynamic and future-oriented five-year curriculum that is inter-disciplinary and inter-
professional in nature, our students undergo a holistic learning experience that exposes them 
to multiple facets of healthcare and prepares them to become visionary leaders and 
compassionate doctors and nurses of tomorrow. Since the School’s founding in 1905, more 
than 12,000 graduates have passed through our doors.  
 
In our pursuit of health for all, our strategic research programmes focus on innovative, cutting-
edge biomedical research with collaborators around the world to deliver high impact solutions 
to benefit human lives.  
 
The School is the oldest institution of higher learning in the National University of Singapore 
and a founding institutional member of the National University Health System. It is one of 
Asia’s leading medical schools and ranks among the best in the world (Times Higher 
Education World University Rankings 2024 by subject and the Quacquarelli Symonds (QS) 
World University Rankings by subject 2023).  
 
For more information about NUS Medicine, please visit https://medicine.nus.edu.sg/. 
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