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Abstract  

This paper focuses on the application of Human Computer Interaction (HCI) in the field of 

Sports Medicine, specifically focusing on wearable performance devices. Human computer 

interaction is implemented in a lot of medical applications, but there has not been a significant 

amount of research conducted on wearable performance devices since they are a relatively new 

concept in the sports medicine industry. This paper will provide a background to the advancement 

in the technology over recent years and the main purposes they serve within athletics. This paper 

will provide summarized research studies that have been conducted to provide insight on how 

athletes can enhance their performances by using wearable performance devices. The research 

conducted will also bring awareness to some of the flaws in wearable performance devices and 

their usability in athletic settings. This paper will conclude by describing potential solutions and 

approaches to using wearable performance devices in sports medicine and how to improve their 

functionality within the field. 

  

1. Introduction  

 

 In sports, the teams are always searching for new ways to gain a competitive edge against 

their opponents. Originally, the sports industry was heavily focused on continuously monitoring 

health during on and off seasons. However, the focus has shifted onto training and finding the root 

causes of injuries; to prevent physiological trauma before they occur. This has made strength 

training a more critical component in both the athletes and the coaches’ success. Human Computer 

Interaction is utilized in a wide range of medicinal and athletic areas of focus, allowing the 

practitioners and trainers to collect more personalized data and develop more accurate safety 

precautions.  

With the advancement in technology, large industry manufactures have gained the ability 

to produce this technology at higher numbers and lower costs, making them more readily 

accessible and portable. These wearable performance devices have allowed active individuals and 

sport teams to monitor and further analyze the workload put forth during various activities. 

Biometric markers are used to maximize athletic performances, and more importantly, minimize 

the potential risk of injury. Wearable devices include movement sensors like accelerometers and 
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pedometers, while physiological sensors include heart rate monitors, temperature/heat flux 

sensors, and integrated sensors. By improving the ease of use and accessibility of the wearable 

performance technologies, the sports industry can train athletes according to their personal vital 

levels and physical capabilities. This will allow the strength trainers to personalize optimal training 

programs, reduce recovery time, and immensely decrease the number of seasonal injuries. 

 

2. Background 

 

 Although wearable performance devices have only recently gained usage in athletic 

settings, these devices have a well-established position in the history of medicinal practices. Prior 

to being introduced into the strength and conditioning area of athletic training, wearable 

performance devices were widely used to assess the effects of differential muscle energy 

expenditure on the test subject’s physiological stress levels. It is important to be able to effectively 

predict how much stress the individual’s body can withstand without posing the risk of injury or 

exacerbating health conditions such as heart failure. Physiological stress tests are typically 

performed in medical institutions, while hooked up to various machines and performing different 

tasks. However, with the long list of regulations implemented by the sports industry, there are a 

lot of limitations on what articles athletes are legally allowed to wear while performing during 

games. Since individuals will perform differently when simply training versus performing during 

a sporting event, it is important to improve the usability of these devices during these pivotal 

moments. 

Individuals have become more consciously aware of their health and well-being in the past 

decade, increasing the demand and accessibility for health trackers. Pedometers were the first 

metric tracking devices to come into the market and have evolved quite a bit since first introduced. 

While most people purchase wearable performance devices to aid their fitness goals, some people 

purchase them as a way to keep a close eye on certain health conditions such as heart conditions, 

tracking sleep cycles, and monitoring blood pressure. Since the United States has become more 

focused on fitness, large companies have shifted their research and development efforts towards 

advancing their technologies to better fit the customers’ wants and needs. This trend has proven to 

be extremely successful and continues to become more complex and precise. While pedometers 

are still widely used, many wearable performance devices have implemented a wider range of 

metric trackers. This helps reach a broader target audience and can help meet the needs of people 

will various fitness and health goals.  

  

3. Movement Sensors 

 There are two main forms of movement sensors that this paper will address, including 

pedometers and accelerometers.  

Pedometers and Accelerometers 



 

 Pedometers are the most widely used and arguably the simplest form of wearable 

performance devices, otherwise known as “step trackers”. This technology is most commonly used 

to record the number of footsteps taken within a given duration of time. Unfortunately, pedometers 

come along with the risk of inconsistencies since the accuracy relies heavily on the technology’s 

sensitivity. As a result, the device may pick up on alternative movements or miss footsteps due to 

an overload of movements, confusing the device. Pedometers are implemented in various watch 

models such as Fitbits (www.fitbit.com), Apple Watches, and Vivoactive technology (Garmin; 

www.garmin.com/vivoactive). The accelerometry that can be recorded through these devices 

include overall posture, general activity levels, peak acceleration, and impact on the body. 

4. Physiological Sensors 

 While there are many physiological responses that are pertinent in competition training and 

promoting improved performances, there are a few sensors that are most crucial to successful 

physiological adaptation. Heart rate monitors, body temperature sensors, and integrated sensors 

will be the main focuses of this paper. 

Heart Rate Monitors 

 An individual’s heart rate is a useful indicator of the person’s overall fitness since it helps 

determine the level of exercise intensity that the individual can withstand. More rapid heart rates 

result in increased levels of burned calories and a shorter time frame until fatigue is reached. Heart 

rate monitors typically consist of electrodes that are strategically placed on the chest, with a 

monitor either placed on the chest or on the waist of the individual. The most common heart rate 

monitoring model used in athletics is a wristband with an optical-sensing technology that detects 

peripheral pulses in the athlete’s wrist. 

Body Temperature/ Heat Flux Sensors 

 Heat flux sensors consistently track core temperatures of individuals, alerting coaches and 

trainers when the athlete’s core temperature becomes alarming high so the issue can be addressed 



before physical symptoms begin to show. Not many individuals are conscientious of their body 

temperature, so it is common for people to experience heat strokes, leading to passing out and 

experiencing physical fatigue much quicker than normal. By monitoring the core body 

temperature, trainers can alert players when they need to take hydration breaks and will improve 

the total amount of performance time that the athlete can withstand. 

Integrated Sensors  

 Integrated sensors are simply a combination of multiple metric tracking sensors that are 

integrated into one single accessory. These sensors have the ability to track numerous 

physiological metrics while remaining comfortable and more effective for individuals who 

understand how to compare the raw data properly. 

A case study was conducted with 84 participants, all college athletes between the ages of 

18 and 26 years old. These individuals were asked about the main physiological metrics that they 

felt were most important in training activities, how many injuries they have gotten since their 

college athletic career began, and the characteristics they look for when investing in training 

efforts. According to research, a majority of the individuals look for high comfort, accuracy, and 

aesthetically pleasing equipment. The most important metrics that were noted included heart rate, 

peak performance rates, and time invested in training before fatigue was reached. Approximately 

70% of individuals had attained some sort of injury during the first few years of their career. These 

injuries were credited to improper strength training, returning to athletic performances before 

optimal recovery time was reached, and training programs that were not tailored to their specific 

needs. 

Although the most popular wearable performance devices come in the form of watches and 

produce relatively accurate data, a more recent invention that would be more useful in athletics 

would be compression shirts or vests that possess the various metric technologies within the shirt. 

These compression shirts would not only provide unparalleled accuracy and precision due to the 

tight, direct contact with the individual’s skin, but it would also be more comfortable for the athlete 

than a larger, plastic device. These compression shirts would fit perfectly beneath any sporting 

equipment and uniforms, increasing the usability and making them a very plausible training option. 

Rather than wearing multiple performance devices, multiple performance devices can be 

implemented within the shirt, making it a much more versatile recording accessory. 



 

 One wearable platform that is making a rise on the market is the Zephyr compression shirt 

performance system (https://www.zephyranywhere.com/). This compression shirt produces raw 

physiological data such as heart rate, breathing rate, and heart rate variability.  It can also record 

accelerometry, which will help coaches and trainers assess the athletes peak force, peak 

acceleration, explosiveness, jump heights, flight time, and more. These compression shirts feel 

like any other training clothing, but possess the capabilities to assess physiological, mechanical, 

and training intensities and loads. Due to the high comfort levels of these trackable performance 

shirts, athletes will not be limited by mechanical restrictions and can further enhance their training 

efforts because of the more accurate data collection. These compression shirts can be worn during 

actual training sessions, providing real-time data results. The athletes benefit from more than just 

the comfort and aesthetically pleasing look of the metrics tracking shirt, they will benefit from 

optimized training habits and improved physicality and energy. Being able to identify early signs 

of fatigue, stress, and under-recovery can maximize performance immensely. 

 

5. Conclusion 

The results found in the studies showed that a majority of individuals surveyed possess some 

form of a wearable performance device and are likely to invest in more advanced tracking devices 

in the future. Based upon the information attained from less accurate devices such as smart 

watches, people are confident that more direct contact will provide unparalleled accuracy and thus 

will lead to better training efforts. Customers, whether athletes or not, are more likely to purchase 

tracking accessories if they possess both the advanced technology and higher comfort levels. 

Individuals are more likely to purchase devices if their portability is maximized, meaning there are 
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not long wires attached, and the devices have long battery life, requiring less maintenance. 

Research has shown a decrease in injuries attained through physical activities since tracking 

devices have been implemented into training programs. 

With the increase in usage of wearable performance devices in recent years, large companies 

have been investing more money into advancing current technologies and finding new ways to 

make them more portable and accessible to individuals of all social classes. With time, the amount 

of research put into compression shirts and the more direct tracking devices will grow even more. 

Surprisingly, trackable compression shirts have been used more and more within college athletics 

in the recent years it would be a very important subject for both coaches and sport medicinal 

practices to look into bettering the future of pre and post seasons for athletes. Whether this be 

training sessions or monitoring real-time performances, wearable tracking devices can make a 

huge difference in the level of injuries attained during athletic events. 
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