
 

Wearable Technology: Definition and 

Evolution 

 

Wearable technology refers to miniaturized electronic devices designed to be worn on the 

body or embedded in clothing, accessories, or even on the skin investopedia.com . These handsfree 

gadgets typically contain a microprocessor and connect via networks (Bluetooth, Wi-Fi, 

cellular, etc.) to exchange data investopedia.com stormotion.io . In concept, “wearables” date back 

centuries (e.g. eyeglasses in the 13th century and portable timepieces by the 1500s), but the 

modern era began in the mid-20th century when pioneers like mathematician Edward Thorp 

built wearable computers (e.g. a 1961 roulette‑cheating device) brewerscience.com . The 2000s saw 

the first consumer fitness trackers and Bluetooth headsets (Jawbone, Fitbit, Nike+), and the 

2010s introduced the Apple Watch and Google Glass brewerscience.com . These developments, plus 

advances in miniaturized sensors and mobile networks, have placed wearables at the 

forefront of the Internet of Things (IoT) investopedia.com . 

Types of Wearable Devices 

Wearables now span many form factors. Key categories include smartwatches, 

fitness/wristband trackers, “hearables” (smart earbuds/headphones), AR/VR headsets, smart 

glasses, smart jewelry (rings/bracelets), smart textiles (clothing/shoes), and medical 

wearables (e.g. continuous health monitors). These can be grouped by function: 

 Smartwatches and Wristbands: Devices like the Apple Watch, Samsung Galaxy 

Watch, Fitbit trackers and Garmin sports watches combine timekeeping with advanced 

sensors (e.g. heart rate, SpO₂) and connectivity (Wi-Fi, LTE, Bluetooth). 

 Hearables: Wireless earbuds and headphones (e.g. Apple AirPods, Samsung Galaxy 

Buds, Sony WF-series) that offer audio plus sensors for fitness and health metrics. 

 AR/VR Headsets: Devices such as Meta’s Quest series, Sony’s PlayStation VR, and 

Apple’s Vision Pro provide immersive augmented/virtual reality experiences. 

 Smart Glasses: Eyewear like Snap Spectacles, Nreal Air, or Meta’s Ray-Ban Stories that 

overlay digital information (text, images) on the real world or capture video. 

 Smart Jewelry and Clothing: Wearable accessories (rings like the Oura Ring, bracelets, 

smartwatches-as-jewelry) and garments (e.g. Hexoskin biometric shirts, Google Jacquard 

jackets) that monitor physiology or enable controls. 

https://www.investopedia.com/terms/w/wearable-technology.asp#:~:text=Wearable%20technology%2C%20also%20known%20as,receive%20data%20via%20the%20Internet
https://www.investopedia.com/terms/w/wearable-technology.asp#:~:text=Wearable%20technology%2C%20also%20known%20as,receive%20data%20via%20the%20Internet
https://stormotion.io/blog/iot-in-wearables/#:~:text=2
https://stormotion.io/blog/iot-in-wearables/#:~:text=2
https://www.brewerscience.com/the-history-of-wearable-electronics/#:~:text=The%201960s%20and%20%E2%80%9870s%20The,devices%20were%20outlawed%20from%20tables
https://www.brewerscience.com/the-history-of-wearable-electronics/#:~:text=The%201960s%20and%20%E2%80%9870s%20The,devices%20were%20outlawed%20from%20tables
https://www.brewerscience.com/the-history-of-wearable-electronics/#:~:text=The%202000s%20The%20mass%20production,gauge%20improvements%20through%20statistics%20online
https://www.investopedia.com/terms/w/wearable-technology.asp#:~:text=Wearable%20technology%2C%20also%20known%20as,receive%20data%20via%20the%20Internet


 Medical Wearables: Devices intended for health monitoring, such as continuous 

glucose monitors (Dexcom G6, Abbott FreeStyle Libre), wearable ECG monitors (AliveCor 

Kardia), or biosensor patches that continuously send medical data. 

These categories and examples are summarized below: 

Wearable Category Examples/Features Leading Devices/Brands 

Smartwatches Timekeepers with screens, mobile OS, 

sensors 

Fitness Trackers 

(Wristbands) 

Basic bands tracking steps, heart rate, 

sleep 

Hearables (Earbuds) 
Wireless earphones with audio and 

biosensors 

AR/VR Headsets 
Immersive 3D displays for gaming/AR 

work 

Smart Glasses 
Eyewear with heads-up displays or 

cameras 

Smart Jewelry 

(Rings/Bracelets) 

Small wearables as accessories; 

biometric sensors 

Smart Clothing/Textiles 
Garments with embedded sensors for 

health/fitness 

Medical/Health Wearables Clinical-grade monitors (FDA-approved) 

 

Key Technologies in 

Wearables 
Apple Watch (Apple), Galaxy Watch (Samsun Fenix, Fitbit (Google) idc.com 

Fitbit Charge (Google), Xiaomi Mi Band, Sam 
stormotion.io 

Apple AirPods, Samsung Galaxy Buds, Sony W 
canalys.com 

Meta Quest 3/3S (Meta), PS VR2 (Sony), Visio Pico (ByteDance) idc.com 

Snap Spectacles, Nreal Air, Meta Ray-Ban Sto 

Oura Ring, WHOOP Strap, Motiv Ring, smart Hexoskin Biometric Shirt, Athos muscle-track 
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Dexcom G6 (glucose), Abbott Libre, Zio Patch 

Wearable devices integrate multiple sensors and connectivity components within very small 

form factors. Common sensors include accelerometers/gyroscopes (for motion), optical heart-

rate monitors (PPG), electrocardiogram (ECG) electrodes, SpO₂ (blood-oxygen), temperature, 

electrical skin response, and even chemical sensors (glucose, hydration) 

stormotion.io axial.acs.org . Environmental sensors (UV, air quality) are also used in some devices 

stormotion.io . These sensors gather raw physiological or movement data in real time. 

Connectivity technologies are crucial: most wearables use Bluetooth Low Energy (BLE) to 

sync data to a smartphone or hub, while others have built-in Wi-Fi, NFC (for payments), or 

cellular modems (4G/5G in advanced smartwatches) stormotion.io . Emerging “LPWAN” (lowpower 

wide-area) radios can link wearables directly to the cloud over long distances. Ondevice 

electronics have microprocessors (often ARM or custom ASICs) and memory for short-term 

processing. Devices typically run specialized firmware or mobile OS layers (e.g. watchOS, Wear 

OS) enabling local features. 

Power and battery are constant challenges in this domain. Most wearables use lithium-ion 

batteries and aggressive power management. Engineers strive for multi-day life: techniques 

include low-power displays (OLED or e-ink), Bluetooth (vs. Wi-Fi) for data, and motion or 

solar energy harvesting outdesign.co novosound.net . For example, research shows BLE can use 

>97% less energy than Wi-Fi for similar tasks outdesign.co . Wireless charging (Qi, proprietary 

pucks) is common (e.g. Apple Watch charging puck) to simplify recharging. 

Increasingly, wearables leverage AI and analytics. Many devices run on-device machine 

learning to interpret sensor data (e.g. detecting arrhythmias or classifying activity) or send 

data to cloud platforms for deep analysis. For instance, advanced algorithms on a 

smartwatch can alert for irregular heartbeat or customized health insights stormotion.io . Overall, 

the convergence of miniaturized sensors, IoT connectivity, efficient batteries, and AI-driven 

software is what makes wearable systems possible. 

Primary Use Cases 

Wearables are used across many domains. Key use cases include: 

 Health & Fitness Monitoring: Tracking exercise (steps, calories, workouts), heart rate, 

sleep, and other wellness metrics. Fitness bands and smartwatches (Fitbit, Apple Watch, 

Garmin) are ubiquitous for personal health data. Medical wearables (glucose monitors, 

ECG patches) continuously monitor patients with chronic conditions axial.acs.org . 

 Medical Diagnostics & Care: Devices like wearable ECG/EEG monitors, respiratory 

monitors, smart inhalers, and insulin pumps enable remote patient monitoring. They 
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support telemedicine and chronic disease management. Emerging examples include 

smart patches for early cancer detection or drug-delivery implants axial.acs.org . 

 Communication & Convenience: Smartwatches and smart rings can display 

calls/messages, make payments (NFC), or act as security tokens. Head-mounted displays 

(smart glasses) can stream notifications or navigation overlays. 

 Enterprise & Industrial: AR glasses (e.g. Microsoft HoloLens, Vuzix) assist technicians by 

overlaying work instructions. Wearables like smart helmets or vests improve worker 

safety by monitoring posture, fatigue, or environment. 

 Entertainment & Gaming: VR headsets (Oculus/Quest, PlayStation VR) provide 

immersive gaming and media experiences. Wearable haptic vests or gloves add tactile 

feedback for virtual reality. 

 Sports & Performance: Athletes use specialized wearables (mocap suits, muscle sensors, 

advanced sports watches) for performance analysis and training optimization. 

 Lifestyle & Fashion: Smart jewelry, eyewear and clothing merge tech with style (e.g. 

illuminated fabrics, Bluetooth-connected garments). 

 Military & Public Safety: Soldiers use wearable sensors for vital signs, navigation, and augmented-

reality targeting. Wearable alert devices can call for help in emergencies. 

These use cases illustrate how wearables extend computing into every aspect of daily life, 

with a particular focus on continuous health and contextual awareness techtarget.com 

investopedia.com . 

Major Brands and Leading Devices 

The wearables market is dominated by a few major technology companies. Apple is the clear 

leader by shipments and share (about one-quarter of global wearables) idc.com , with its 

Apple Watch and AirPods. Other top vendors include Samsung (Galaxy Watch and Buds), 

Xiaomi and Huawei (affordable bands and watches), Sony (WF-series earbuds, PSVR), and 

Meta (Oculus/Quest headsets and Ray-Ban smart glasses). For medical wearables, companies 

like Dexcom and Abbott lead continuous glucose monitors, while startups like Oura (smart 

ring) and WHOOP (fitness strap) have niche followings. 

According to IDC data, in late 2024 the top companies’ shares were roughly: Apple ~24%, 

Huawei ~8%, Samsung ~8%, Xiaomi ~12%, with the rest split among others idc.com . In the 

AR/VR headset submarket, Meta (Oculus Quest) dominates with ~75% market share 

(shipping 10’s of millions of headsets) idc.com ; the remainder is split among Sony, Apple 

(Vision Pro), ByteDance (Pico), etc. 
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Table: Examples of Wearables and Top 

Brands. 

Category Example Device/Feature 

Smartwatch Smart wrist-worn device with screen, 

health sensors 

Leading Brands/Products 

Apple Watch (Apple), Galaxy Watch (Samsung), Garmin 

Fitbit/Charge (Google)  idc.com 

The global wearable market has grown steadily. IDC reports 534.6 million wearable units 

shipped worldwide in 2024, a ~5.4% increase over 2023 idc.com . Growth is expected to 

continue but at a more modest rate (~4.1% in 2025) as key markets and segments mature 

idc.com . Hearables (wireless earbuds) were the largest category in 2024 (driving an 8.9% rise) 

idc.com . By contrast, smartwatch shipments dipped (−4.5% in 2024) due to market saturation 

in places like the US and influx of low-cost models idc.com . Mixed reality headsets rebounded 

(+10% in 2024) on new product launches (Meta Quest 3, Apple Vision Pro, Pico 4) idc.com . 

Emerging markets (China, the Middle East, Latin America) are fueling growth, even as some 

mature markets flatten. For example, Canalys reports that China accounted for ~30% of global 

wearable band shipments in 2024, growing 20% year‑over‑year canalys.com . In contrast, India’s 

wearable shipments fell ~22% in 2024 as demand cooled canalys.com . Overall, competition has 

intensified: “Apple, Xiaomi and Huawei battled for market share” in the band/watch segment 

canalys.com . 

Consumer adoption is broadening. A 2024 Parks Associates survey found nearly 50% of U.S. 

internet households own and actively use a wearable device (driven by smartwatches and 

new forms like rings) parksassociates.com . Rock Health reports that 44% of Americans own a 

wearable health tracker (smartwatch or ring) rockhealth.com . Adoption is highest among younger, 

Category Example Device/Feature Leading Brands/Products 

Fitness Tracker Basic wristband (no screen) for steps/heart Fitbit (Google), Xiaomi Mi Band, Samsung Galaxy Fit 

Hearables 

Wireless earbuds/headphones with sensors 

Apple AirPods, Samsung Galaxy Buds, Sony WF-1000X 

AR/VR Headset Head-mounted 3D display Meta Quest/Quest 3 (Meta), PS VR2 (Sony), Vision Pro 

Smart Glasses Glasses with display/camera Snap Spectacles, Nreal Light, Ray-Ban Stories (Meta) 

Smart Jewelry Rings/bracelets with biometric tracking Oura Ring, WHOOP Strap, Motiv Ring 

Smart Clothing Garments with embedded sensors Hexoskin Biometric Shirt, Levi’s x Jacquard (Google) 

Medical 

Wearable 
FDA-regulated monitors (ECG, glucose, etc.) 

Dexcom G6 (glucose), Abbott Libre, AliveCor Kardia (E 

(Sources: IDC, Canalys, company reports idc.com canalys.com 

Market Trends and Adoption 

idc.com ) 
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affluent, and urban users rockhealth.com . Many buyers look for medical and wellness features: 

Parks notes blood pressure monitoring is a top requested capability parksassociates.com . 

The market value is also expanding. An ACS review cites a market worth $55+ billion in 

2022, projected to at least $142 billion by 2030 axial.acs.org . The accelerating integration of 

wearables in healthcare, enterprise, and consumer IoT is driving this growth. Notably, many 

vendors are now selling “wearables-as-a-service” (adding subscription data services) to 

increase recurring revenue. 

Regulatory and Privacy Considerations 

Because wearables collect sensitive personal data, regulation and privacy are major concerns. 

In the U.S., health data from clinical wearables is protected under laws like HIPAA. For 

instance, when doctors prescribe a wearable monitor, all collected data is considered 

“protected health information” mdpi.com and must be secured. The FDA, however, generally does 

not regulate consumer fitness wearables unless they make medical claims. FDA rules state 

that a device “intended for use in the diagnosis, cure, mitigation, treatment or prevention of 

disease” requires FDA clearance ama-assn.org . Thus, a general wellness watch that simply tracks 

steps is unregulated, but one with an on-device ECG function needs approval. Physicians are 

advised to “be aware of an app or device’s regulatory status” and warn patients about data 

privacy ama-assn.org . 

In Europe, the GDPR sets strict rules on personal data. Wearable vendors must obtain 

consent and protect user health data under GDPR; non-compliance can incur heavy fines 

mdpi.com . The new EU Data Act (adopted 2023) goes further to regulate data access and use 

by devices (including wearables), empowering users to keep better control of their data mdpi.com 

. Globally, regulators are also focusing on AI ethics, since many wearables use ML on health 

data mdpi.com . 

In practice, privacy risks include unauthorized sharing or breaches of biometric data. As one 

expert warns, wearable apps are “big data mines” for manufacturers ama-assn.org . Companies 

must ensure encrypted communications, secure storage, and transparent data policies. 

Emerging standards and certifications (e.g. ISO/IEC for health data security) are being 

applied. In summary, wearable makers must navigate a complex regulatory landscape (FDA 

clearance for health functions, CE marking in EU, HIPAA/GDPR data rules) to ensure both 

safety and privacy. 

Challenges in Wearable Technology 

Despite progress, wearables face technical and user challenges. Battery Life and Power: 

Limited space constrains battery capacity. Users demand all-day (or multi-day) uptime, so 

https://rockhealth.com/insights/put-a-ring-on-it-understanding-consumers-year-over-year-wearable-adoption-patterns/#:~:text=Some%20key%20takeaways%20from%20our,2022%20Survey%20data
https://rockhealth.com/insights/put-a-ring-on-it-understanding-consumers-year-over-year-wearable-adoption-patterns/#:~:text=Some%20key%20takeaways%20from%20our,2022%20Survey%20data
https://www.parksassociates.com/blogs/connected-health-pr/nearly-50-of-us-internet-households-own-and-use-a-wearable#:~:text=Parks%20Associates%E2%80%99%20latest%20consumer%20study%2C,form%20factors%2C%20including%20smart%20rings
https://www.parksassociates.com/blogs/connected-health-pr/nearly-50-of-us-internet-households-own-and-use-a-wearable#:~:text=Parks%20Associates%E2%80%99%20latest%20consumer%20study%2C,form%20factors%2C%20including%20smart%20rings
https://www.parksassociates.com/blogs/connected-health-pr/nearly-50-of-us-internet-households-own-and-use-a-wearable#:~:text=Parks%20Associates%E2%80%99%20latest%20consumer%20study%2C,form%20factors%2C%20including%20smart%20rings
https://axial.acs.org/materials-science/wearable-technology-trends-innovations-and-future-directions#:~:text=and%20better%20understanding%20our%20bodies%2C,1
https://axial.acs.org/materials-science/wearable-technology-trends-innovations-and-future-directions#:~:text=and%20better%20understanding%20our%20bodies%2C,1
https://www.mdpi.com/2673-4591/58/1/87#:~:text=In%20the%20US%2C%20the%20Health,on%20security%20features
https://www.mdpi.com/2673-4591/58/1/87#:~:text=In%20the%20US%2C%20the%20Health,on%20security%20features
https://www.ama-assn.org/practice-management/digital-health/wearables-fda-and-patient-advice-what-physicians-should-know#:~:text=On%20FDA%20regulation%2C%20the%20rule%E2%80%94for,as%20the%20FDA%20regulates%20both
https://www.ama-assn.org/practice-management/digital-health/wearables-fda-and-patient-advice-what-physicians-should-know#:~:text=On%20FDA%20regulation%2C%20the%20rule%E2%80%94for,as%20the%20FDA%20regulates%20both
https://www.ama-assn.org/practice-management/digital-health/wearables-fda-and-patient-advice-what-physicians-should-know#:~:text=Be%20aware%20of%20an%20app,rules%2C%E2%80%9D%20said%20Curtis%2C%20pictured%20here
https://www.mdpi.com/2673-4591/58/1/87#:~:text=EU%20law%20offers%20today%20detailed,its%20use%20by%20public%20and
https://www.mdpi.com/2673-4591/58/1/87#:~:text=EU%20law%20offers%20today%20detailed,its%20use%20by%20public%20and
https://www.mdpi.com/2673-4591/58/1/87#:~:text=EU%20law%20offers%20today%20detailed,its%20use%20by%20public%20and
https://www.mdpi.com/2673-4591/58/1/87#:~:text=EU%20law%20offers%20today%20detailed,its%20use%20by%20public%20and
https://www.mdpi.com/2673-4591/58/1/87#:~:text=EU%20law%20offers%20today%20detailed,its%20use%20by%20public%20and
https://www.ama-assn.org/practice-management/digital-health/wearables-fda-and-patient-advice-what-physicians-should-know#:~:text=Alert%20patients%20to%20data%20privacy,%E2%80%9D


designers use power-efficient chips and displays outdesign.co novosound.net . Many wearables on the 

market still only run a day or two on a charge. Ergonomics and Comfort: Since wearables 

are on the body continuously, they must be lightweight, well-fitting and hypoallergenic. Poor 

design can cause discomfort or device rejection. For example, Fitbit once recalled a band due 

to skin irritation outdesign.co . Overheating electronics (from heavy use) can also bother users. 

Data Accuracy and Reliability: Sensor readings on wearables are not as precise as medical 

instruments. Motion artifacts, poor contact, or sweat can skew heart-rate or SpO₂ 

measurements. Inconsistent data can undermine user trust. Engineers continually refine 

sensor technology and algorithms to improve accuracy novosound.net . 

Durability and Waterproofing: Wearables must endure daily activities—sweat, rain, impacts 

—without failure. Achieving high IP ratings (water/dust resistance) is challenging in small 

devices outdesign.co . Sweat is corrosive, so exposed connectors must be plated or sealed. 

Wireless (inductive) charging ports help maintain waterproof seals outdesign.co . 

Miniaturization and Integration: Fitting sensors, antennas, batteries and processors into 

tiny enclosures is a constant struggle outdesign.co . Every added feature (GPS chip, LTE radio) 

consumes space and power. Antenna performance often suffers in small metal cases, 

requiring innovative materials and circuit integration. 

Privacy and Security: As noted, strong encryption and authentication are needed to protect 

health data in transit and storage novosound.net . Edge computing (processing data on-device) is 

used to limit exposure, but balancing security with user convenience (e.g. biometric unlock, 

NFC payments) remains tricky novosound.net . Recently, FDA and security researchers have 

scrutinized wearables for cybersecurity flaws. 

User Adoption Barriers: Beyond hardware, wearables must prove value. Many consumers 

abandon devices after purchase if the utility is unclear (“I can already check my phone for 

that”). Wearable makers must differentiate products with unique features. Subscription 

models and ecosystem “lock-in” can also deter users. Finally, demographic gaps persist: 

uptake lags among older, lower-income, and rural populations rockhealth.com , pointing to 

affordability and awareness challenges. 

Future Developments and Innovations 

The next generation of wearables promises even more seamless integration with the body 

and advanced capabilities. Materials science breakthroughs are leading to “electronic skin” 

or e-tattoos – ultrathin, flexible patches that adhere to the skin like a temporary tattoo. 

These can conform perfectly to skin, enabling continuous ECG, hydration or stress 

monitoring without bulk axial.acs.org . Early examples include patches for wound healing and 

temporary sensors that dissolve after use axial.acs.org . 
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Smart contact lenses are on the horizon: microscopic sensors and displays embedded in 

lenses could monitor biomarkers in tears (glucose, IOP for glaucoma) or overlay AR 

information on the retina axial.acs.org . Battery-free, implantable sensors (made of soft 

biocompatible materials) are being developed to match the mechanics of organs axial.acs.org . 

These could someday provide organ-level monitoring or drug delivery while harvesting 

energy from the body. 

Sensor technology will continue to advance. For instance, noninvasive glucose monitoring 

(electrochemical or optical) is a “holy grail” innovation; commercially, wearables already track 

glucose via skin fluids and promise closed-loop insulin pumps axial.acs.org . Wearable sweat and 

multi-analyte sensors (tied to IoT and AI) are improving in accuracy. Haptic “metaverse” 

wearables (gloves, suits with feedback) will make virtual experiences more realistic axial.acs.org . 

On the consumer side, we expect wider use of AI on device: personal health assistants that 

learn your baseline, warn of anomalies, or coach you. We may see wearables foldable or 

embedded invisibly in fabrics. Connectivity will also evolve: 5G-enabled glasses or earbuds 

might stream high-definition AR content. 

In summary, wearables are evolving toward seamless, “second-skin” interfaces. 

Researchers are pushing devices to become thinner, stretchable, and more integrated with 

biology axial.acs.org . As one review notes, these innovations will “provide new levels of user 

comfort 

and functionality” that could revolutionize healthcare and daily life axial.acs.org . 

Sources: Authoritative industry reports and analyses were used throughout, including IDC 

market trackers idc.com idc.com , academic/industry publications axial.acs.org mdpi.com , and 

reputable news/analysis sites parksassociates.com rockhealth.com to ensure comprehensive, up-to-date 

coverage. 
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