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Abstract — Wearable Technology is a growing 
trend in the fitness market.  The technology used in 
this emerging field has led to the wearable 
technology industry expanding into multiple sectors.  
While the current market of such devices is focused 
primarily around fitness, there is potential for 
significant growth and development in other areas, 
including the medical and business world. 
 
Although the wearables market is in its infancy, the 
global market is expected to reach $5.8 billion by 
2018. [1]  As wearable technological devices 
expand into new sectors, IT Managers will need to 
increase security in this “bring your own 
everything” culture.  Additionally, the growth of 
this technology will lead to other challenges, 
including reliability and expense. 
 
Index Terms — wearable technology, wearable 
technology devices, mobile, applications, 
Smartwatch, actigraph, accelerometer, altimeter 

I. INTRODUCTION 

2014 has been dubbed “The Year of the Wearable” 
by many tech publications. [2] As consumers have 
become accustomed to mobile devices, they are 
now focused on wearable technology that meets this 
mobile demand. It is predicted that by 2016 there 
will be over 100 million wearable devices in 
multiple industries. [3] As with the introduction of 
the Smartphone, this technology will change how 
consumers work and play. “Technology is now an 
extension of our bodies and these new technologies 
have a significant impact on our lives.” [3]  

 

Figure 1: 2013 Survey Results, “Where would you prefer 
to wear a device?” [9] 

II. TIMELINE OF WEARABLE TECHNOLOGY 
“‘Wearables … [are] computing devices that are 
always on, always accessible and easily worn on the 
body. They typically feature real-time information 
access, data-input capabilities, local storage and 
some form of collaborative-communications ability. 
Increasingly they also have some aspect of 
augmented reality. Wearables can be in the form of 
watches, glasses, smart fabrics, contact lenses, small 
screens, rings and bracelets, hearing aid–like 
devices, smart badges, wrist computers and even 
smart tattoos on the skin.” [4] While this technology 
has gained in popularity recently, it is not new. 
Historically, the first wearable device was created in 



 

1961 by MIT mathematics professor Edward Thorp. 
His wearable computer was designed to help the 
wearer cheat at the game of roulette. Also used for 
gambling, Keith Taft invented a wearable computer 
in 1972 designed to gain an advantage in the game 
of blackjack. A few years later the calculator 
wristwatch was released to the public. For some 
time after the introduction of the calculator watch 
there was little focus on this niche technology. This 
trend began to change in the 90’s and has grown 
significantly to date. In1994, Steve Mann created a 
wireless webcam and the Bluetooth headset was 
first shipped in the year 2000. [2] In January of 
2002, Virginia-based Xybernaut demonstrated a 
wearable computer at the Consumer Electronics 
Show. Xybernaut named this device Poma, short for 
personal multimedia appliance. Poma featured a 
display mounted on a headband and could be used 
to read e-mails, listen to MP3 files and surf the 
Internet. [5] A wearable that made an impact in the 
healthcare sector was the Vitatron C-Series. 
Introduced in 2003, the C-Series was the first fully 
digital pacemaker. This technology allowed 
physicians to download data from the pacemaker in 
18 seconds. [2] Wearables emerged into the fitness 
industry with the Nike + iPod kit that hit the market 
in 2006. “Essentially, it combines a portable music 
player with a pedometer -- two devices that runners 
have used for years. But the Sport Kit is 
considerably more advanced than an ordinary 
pedometer. It uses circuitry, radio waves and 
software to track and report on a person's workout.” 
[6] The FitBit Company was founded in 2007, 
although the first product was not released until 
2009. “FitBit is a physical activity tracker designed 
to help you become more active, eat a more well-
rounded diet, sleep better and ultimately, turn you 
into a healthier human being.” [7] Two recent 
inventions in the timeline of wearable technology 
are the Pebble and Google Glass. The Pebble is a 
smart watch and was introduced in 2012. The 
Pebble App Store features over 1,000 applications. 
[8] The Google Glass, while still in beta, was 
released in 2013. The glasses are controlled through 
voice recognition and a touchpad on the side of the 
glasses. [2] Although this industry has been around 
for quite a while, popularity of the products has just 
started to grow as the technology has become more 
practical and user friendly.  

III. WEARABLE TECHNOLOGY CATEGORIES 
According to Theo Ahadome, senior analyst for 
medical research at IMS Research, “Wearable 
technologies provide a range of benefits to users, 
from informing and entertaining, to monitoring 
health, to improving fitness, to enhancing military 
and industry applications. Because of all these uses, 
IMS Research foresees major potential for growth 
in all kinds of wearable technology products.” [9]  
 

Wearable Technology Products by Category 
Application Product Categories 
Healthcare 
and Medical 

Blood Pressure Monitors 
Continuous Glucose Monitoring 
Defibrillators 
Drug Delivery Products 
ECG Monitors 
Hearing Aids 
Insulin Pumps 
Smart Glasses 
Patches 
PERS 
Pulse Oximetry 

Fitness and 
Wellness 

Activity Monitors 
Emotional Measurement 
Fitness and Heart Rate monitors 
Foot Pods and Pedometers 
Heads-Up Displays 
Sleep Sensors 
Smart Glasses 
Smart Clothing 
Smart Watches 
Other, Audio Earbuds 

Infotainment Bluetooth Headsets 
Heads-up Displays 
Imaging Products 
Smart Glasses 
Smart Watches 

Industrial 
and Military 

Hand-worn Terminals 
Heads-up Displays 
Smart Clothing 
Smart Glasses 

Figure 2: Wearable Technology Products [10] 

A. Fitness and Wellness 
Fitness and Wellness wearable devices are used to 
monitor activity and emotions. [9] According to 
ABI research, 61% of the market in February of 
2013 consisted of sports or activity trackers. [10] 



 

Fitness trackers consist of a large portion of this 
category. Almost all of the fitness devices are based 
on a three-component accelerometer. This measures 
acceleration against start of motion, end of motion 
and its intensity. [12] The data is then processed and 
able to be displayed on a screen for the wearer to 
review and analyze. Different companies use 
different algorithms to calculate this data. “Some 
gadgets simply count steps, while others such as 
Nike FuelBand convert all data into their own units 
(e.g. fuel) and count calories and other factors. 
These algorithms are, as a rule, kept a closely 
guarded secret and are changed every now and 
then.” [12] The FitBit Ultra also includes an 
altimeter. This is a tool to measure elevation. This 
allows the FitBit to better calculate calories burned 
when, for example, you climb stairs. [7] Many of 
these gadgets include messaging or visuals to make 
the wearer aware of how far away he is from his 
activity goal. Some present virtual badges when 
goals are met. These are intended to encourage 
movement throughout the day. Some devices, such 
as Jawbone’s Up will vibrate when you have been 
inactive for long periods of time. [7] Users can also 
input a daily log of food consumed to allow for 
calculations of how many calories should be burned 
each day in order to meet personal diet and fitness 
goals. 
 
Some fitness trackers also have the capability to 
measure the wearer’s sleep patterns. This is 
achieved by using an actigraph device. This is the 
tool used in the popular FitBits and Jawbones. An 
actigraph is “a device worn on the wrist that tracks 
movement while you're sleeping. Software then 
translates those movements into periods of sleep 
and wake.” [13]  
 
While many of the fitness wearables are bracelets, 
the devices are not limited as such. For example, 
Adidas miCoach monitors speed, pace and distance 
as well as cardio performance. Adidas has partnered 
with Polar to use this technology in shirts and sports 
bras. Under Armour has also developed a shirt, 
named the E39, which features integrated sensors. 
“This wearable computer can monitor heart rate, 
breathing rate, skin surface temperature and 
acceleration.” [4]  
 

Wearables in the Fitness and Wellness category are 
expected to continue to be of demand. Groups such 
as professional athletes, recreational fitness 
consumers and corporate wellness programs 
contribute to the expected forecast of increased 
demand of fitness and wellness wearables. 
 

 
Figure 3: World Shipments of Performance Monitors [10] 
  
B. Healthcare and Medical 
Wearable devices in the healthcare and medical 
sectors monitor vital signs and augment senses. [9] 
A number of wearable technologies have emerged 
in recent years. This innovative technology has the 
potential to make positive changes in the healthcare 
industry. Four such changes include the education 
and empowerment of patients, the monitoring and 
diagnosing of diseases, the ability to assist in 
medical procedures and to allow patients to control 
and manage their pain. 

1. Educate and Empower 

“Ten or 15 years ago, patients relied solely on a 
doctor’s professional opinion for feedback on 
treatment and health progress. Now, patients can 
monitor their own health from home or on the go. 
They can educate themselves and make decisions 
on issues that affect their bodies.” [14] An example 
of medicinal wearable is actually ingested. 
“Ingestion Event Markers (IEMs) are consumed 
with medication to gather and transmit information 
from within a patient’s body. This improves patient 
adherence to treatment by putting the data right at 
their fingertips.” [14] IEMs are the size of a grain of 
sand that can be placed inside a pill. The IEM 



 

transmits a signal to a patch on the patient’s 
stomach that determines when the medication was 
consumed. It also reports physiological and 
behavior metrics such as heart rate and activity. [15] 

Another example is the Intel Edison, which is a 
computer the size of an SD card. Intel demonstrated 
Edison’s power by developing Nursery 2.0. This is 
a sensor-enhanced onesie worn by infants. The baby 
is then monitored and the information is displayed 
on the parent’s coffee mug. [14] “When the baby 
was comfortable, blinking lights on the mug show a 
happy green smiling face, but when something is 
wrong that face turns red. A much more useful 
application, however, involved using Edison to 
switch on a bottle warmer when your baby starts to 
stir, that way it's ready come feeding time.” [15] 

2. Monitor and Diagnose 
The ability for wearable technology to send data 
about organ function or disease markers to a 
patient’s physician helps both the patient and the 
physician monitor and diagnose disease. There has 
been a lot of work completed in this arena, 
specifically in regards to the management of 
diabetes. [14] Wearable continuous glucose 
monitors are the largest product category in the 
Healthcare and Medical realm. [17] There are also 
many exciting future development for wearables 
and patients with diabetes. Medtronic and Ford are 
working together to develop a Bluetooth-supported 
glucose monitor that will allow the vehicle to notify 
the driver of impending unconsciousness. The 
University of Western Ontario is developing contact 
lenses that change color as blood sugar levels 
change. “Technology Review reports that the 
Draper Laboratory is working on nanosensors that, 
like tattoo ink, are injected under the skin to 
monitor blood sugar levels. The ‘tattoo’ illuminates 
in infrared light whenever the wearer needs 
insulin.” [18] 

3. Assist in Medical Procedures 

There are plans to use Google Glass to help assist in 
medical procedures. This wearable device allows 
surgeons to give other physicians and students the 
perfect point of view during a procedure. [14] A 
surgical team at the University of Alabama at 

Birmingham performed a surgery using Google 
Glass in conjunction with VIPAAR. “VIPAAR, 
which stands for Virtual Interactive Presence in 
Augmented Reality, is commercializing a UAB-
developed technology that provides real-time, two-
way, interactive video conferencing.” [19] The 
procedure, a shoulder replacement surgery, was 
completed in Alabama by Brent Ponce, MD. 
Another surgeon, Phani Dantuluri, MD, participated 
through VIPAAR from his office in Atlanta. “Ponce 
wore Google Glass during the operation. The built-
in camera transmitted the image of the surgical field 
to Dantuluri. The VIPAAR technology allowed 
Dantuluri to see exactly what Ponce saw in the 
operating room and introduce his hands or 
instruments into the virtual surgical field. At the 
same time, Ponce saw Dantuluri’s hands and 
instruments in his heads-up display, along with his 
own field of view, as a merged-reality 
environment.” [19] 

4. Manage and Control Pain 
Worldwide, there are currently an estimated 1.5 
billion patients living with chronic pain. [14] 
Wearables technology is being designed to help 
patients better manage their pain and reduce the 
need for pain medication. Thimble Bioelectronics is 
working to create a patch that will work like a 
TENS unit and provide portable pain relief. 
“Thimble’s vision is to treat pain just like you 
would put a bandage on a cut. TENS uses low-
voltage electrical stimulation to alleviate certain 
types of pain, and includes integrated Bluetooth 
connectivity that works with an accompanying 
smartphone app for pain tracking and 
management.” [20] 

C. Industrial and Military 
Devices in the industrial and military category of 
wearable devices transmit real-time data in military 
or industrial settings. [9] There is a developing 
market for wearables in the industrial market. This 
is found particularly in warehouse management and 
shipping settings. Fujitsu has developed a wearable 
device that fits on the hand like a glove. “In order to 
provide useful information suited to a task that the 
operator should pay attention to, without requiring 
the use of a terminal, Fujitsu Laboratories has 
developed a glove device that combines an NFC tag 



 

reader with gesture-input functionality.” [22] This 
wearable works with a tag reader on the wearer’s 
finger. The device also recognizes motions of the 
hand with 98% accuracy. “This glove device could 
be used to develop a solution that allows for an 
operator to tap on the object being worked on to 
display work orders, and to input task outcomes 
with simple gestures, increasing efficiency in the 
field and cutting down on errors and oversights.” 
[22]  
 
Motorola has also created a wearable for the 
warehouse environment. The RS419 ring-style 
scanner allows for barcode scanning without the 
need to stop and pick up papers or hand held 
devices. This increases productivity in the 
workplace. [23] 
 
Vuzix Corporation introduced Smartpick in April of 
this year. Smartpick is “… a first-of-its-kind 
solution to provide a more simplified and efficient 
method for order picking. Smartpick utilizes the 
Vuzix M100 Smart Glasses to offer an easy and 
affordable way to enable product pickers in 
warehouses, factories and retail operations to work 
faster, smarter and with less errors.” [24] This 
cloud-based device only requires about 15 minutes 
of training to be used. One company reported a 60% 
reduction in picking errors and a 25% increase in 
productivity. The company also notes that because 
the product is “hands free,” even the most fragile 
inventory can be handled safely as the employee has 
two free hands when picking the product. [24] 

The military is also beginning to use this new 
technology. “The soldier of the future is most likely 
going to be the protagonist of the practical 
application of wearable technology. Armed forces 
from different countries are seeing the solution for 
many battle field necessities in the so-called 
‘wearable computing’ field.” [25] AT&T’s Zephyr 
BioHarness is a wearable technology designed to 
monitor the health and well-being of soldiers. It 
measures vital signs, such as ECG, temperature, 
heart rate and breathing rate. [26] The United States 
military is also developing under-armor to measure 
soldiers’ vital signs. This new technology “uses gel-
free sensors to form an electronic network that 
monitors respiration, heart rate, body posture, and 

skin temperature. Using computer algorithms to 
extrapolate the data, the technology could identify 
critical casualties, as well as train and recruit 
personnel for missions.” [27] Another advantage of 
this new wearable is that it is very comfortable to 
wear and lightweight. There are possibilities that the 
technology can report altitude adaptation, burn and 
trauma data, exposure information and respiratory 
distress. [27]  

The Raytheon Company developed the Aviation 
Warrior system as a tool to allow Army helicopter 
pilots to maintain situational awareness. 
“…situational awareness is what pilots can see, feel 
and hear while they are in the cockpits. With the 
military moving toward smaller deployments and 
non-traditional missions that require pilots to leave 
their aircrafts, it's become even more important to 
make sure soldiers have access to information at all 
times.” [28] The Aviation Warrior system consists 
of a helmet, with a flip down monocle, a portable 
computing device that fits in a pocket and a display 
module worn on the wrist. The system runs on 
Windows 7 and the data is sent via secured wired 
connections. The company is working on adding 
low-powered frequency options to allow for 
wireless transmission of data. [28] 

D. Infotainment 

Infotainment devices are “used to receive and 
transmit real-time information for entertainment and 
enhanced-lifestyle purposes.” [9] By 2018, the 
infotainment segment of wearable technology is 
expected to surpass the fitness and wellness 
categories. This is driven primarily by an 
anticipated growth in smart glasses and smart 
watches. [29] In fact, IHS has forecasted that this 
segment of the wearables industry will rise 155% 
between 2013 and 2018. [30] 
 



 

 
Figure 4: Global Forecasts of Infotainment Wearable 
Devices [30] 
 
The Pebble smart watch and Google Glass fall 
under this category. Also included in the 
Infotainment category are wearable cameras. GoPro 
produces such cameras. “GoPro makes rugged, 
professional-quality cameras and mounts that let 
you capture high-definition footage you wouldn't 
normally be able to get. Skiers, cyclists, 
snowboarders and Olympic athletes are among the 
people who swear by the gear.” [31] Liquid Image 
has also recently released the first wearable camera 
that streams over LTE. While the device is targeted 
to athletes, it can also be used to broadcast live 
events and used in home security. This new device 
is equipped with Bluetooth, Wi-Fi and low 
frequency RF. The battery can last up to six hours 
over Wi-Fi and 90 to 120 minutes streaming over 
LTE. [32] 
 
In addition to smart watches, there is now a smart 
wallet. This wearable technology device, dubbed 
the Proverbial Wallet, is linked through a cell phone 
to the owner’s bank account information through 
Bluetooth. The wallet swells or shrinks to reflect 
account balances. It also will vibrate when the bank 
processes a transaction. It can even be set to only 
open if the purchases being made fit in the user’s 
budget. “The Proverbial Wallet gives us that 
financial sense at the point of purchase by un-
abstracting virtual assets. Tactile feedback 
reflecting our personal balances and transactions 
helps us develop a subconscious financial sense that 
guides responsible decisions.” [33]  
 

IV. SPECIAL CONCERNS OF WEARABLE 
TECHNOLOGY  

There are many factors that can affect the future 
outcomes of this industry which makes the sales 
forecasts uncertain in the long-term and cause many 
to question if 2014 truly is “The Year of the 
Wearable.”  
 

 

Figure 5: Forecast of Wearable Technology Sales [10] 

As illustrated in Figure 5, there is a wide variety of 
forecasts for the future of wearable technology. 
Most of this variation can be contributed to the 
adoption of wearable technology by the mainstream 
consumer. There are several variables that will have 
an effect on the future of this market, including, 
price, fashion, and privacy concerns.  
 
“A new study from the business technology team at 
market research firm GfK found that there is in fact 
a good amount of awareness of wearable 
technology among consumers, but the high price 
tags on current devices was found to be a huge 
barrier for the consumers actually intrigued by 
wearables.” [34] As an example, 48% of people 
responding to a 2013 survey noted that they would 
be willing to pay between $200 and $300 for 
Google Glass. Its current price is $1,500. 
 



 

 
Figure 6: Survey Results of Price Willing to Pay for 
Google Glass [35] 
 
Fashion is also a variable in the future of wearable 
technology. To date, most of the wearables on the 
market have not been designed with fashion in 
mind. This is an issue as research shows that 
women outnumber men as prospective wearable 
buyers. [36] Many companies have recognized the 
need to make wearables more fashionable and are 
offering stylish wearables that resemble jewelry or 
even function as purses as well. “These devices may 
not look like fashion items, but they are simply the 
starting point for the wearable technology 
revolution which is set to sweep both the 
technology and fashion industries.” [37] 
 
One of the biggest challenges in the adoption of 
wearable technology is the issue of privacy and 
security. “There is a Catch-22 to wearable 
technology. Companies like Google and Samsung 
know wearables have to be dead-simple for 
consumers who want easy access to things like 
email – not multiple steps of authentication and 
complex passwords. But that simplicity means the 
devices are not very secure.” [38] In addition, 
because the wearables often worn visibly, the 
wearers become targets for being hacked. Many 
wearables also take pictures and post locations on-
line. This can present a security threat to 
unsuspecting strangers in the area as well. Tony 
Bradley, an analyst with Bradley Strategy Group 
noted, “We should be vigilant about potential 
threats and use common sense about which 
companies or services are trusted to access or store 
sensitive personal information, and think twice 
about installing apps or allowing third-party 

companies to access information on wearable 
devices.” [38] 
 
Privacy issues are a major concern with the 
popularity of the Healthcare and Medical category 
of wearable devices. In the United States, Protected 
Health Information (PHI) is protected by the Health 
Information Portability and Accountability Act 
(HIPAA.) Among other things, “HIPAA provides 
for the protection of individually identifiable health 
information that is transmitted or maintained in any 
form or medium. The privacy rules affect the day-
to-day business operations of all organizations that 
provide medical care and maintain personal health 
information.” [39] Unless the information collected 
and recorded by the wearable device is shared with 
doctors, hospitals or 3rd party vendors, the 
information is not considered to be PHI. At this 
time HIPAA, and all of its protection, does not 
apply to these devices. Potentially this data can be 
sold without the wearer’s knowledge. 
“Ambiguously worded terms of service may give 
these companies just enough wiggle room to sell 
your un-PHI (unProtected Health Information) once 
you’ve clicked on the ‘accept license’ button.” [40] 
Another privacy concern is related to the default 
public settings of some of these devices. Many will 
share personal information on social media by 
default. This can lead to collected health data to be 
searchable on-line. [40] 

V. RECOMMENDATIONS OF WEARABLE 
TECHNOLOGY IMPLEMENTATION IN THE 

WORKPLACE 
As wearable technology grows in popularity and 
acceptance, more and more employees will bring 
personal wearables into the workplace. CIOs have 
been struggling with Bring Your Own Device 
(BYOD) issues for some time. Wearable devices 
bring a whole new caveat to BYOD.  
 
Adding to this concern is the fact that much of the 
technology behind wearables is unknown or not 
well understood. Wearables are also often not 
visible or obvious and can be worn without the 
knowledge of employers. “Not only do CIOs have 
to understand how all of these devices, and the 
masses of data they generate, will impact their 
networks, they must know what data is being 



 

accessed, and when, and be able to identify trusted 
and untrusted devices.” [41]  
 
As with all BYOD, it is important that companies 
create policies and procedures related to wearable 
technology. Because the technology is so new and 
changing rapidly, the policies should be flexible 
enough to allow for adjustments as challenges arise. 
[41] CIOs “must ensure that there are policies in 
place that define which devices are even allowed to 
connect, and under what circumstances, even more 
of a challenge as devices become cellular-enabled 
and thus bypass corporate network controls.” [41] 
Education also plays a significant role in the 
wearables aspect of BYOD. Employees must be 
taught what devices are acceptable and how they 
should and should not be used in the workplace. 

VI. CONCLUSION 
After many years of development and 
experimentation, the science and innovation of the 
science fiction movies of the ‘80s and ‘90s has 
caught up with consumers. The wearable 
technology industry is growing at a rapid pace as 
wearables have become practical and user friendly. 
The popularity of wearable technology devices have 
proven to make this emerging technology a 
booming industry. 
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