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Abstract

This paper details the design and experimentation of a glove tailored to the needs of a PC gamer. Gaming
performance can decrease due to cold hands. The decrease in performance can be attributed to decreased dexterity
due to low blood circulation in cooler environments, as supported by both a literature review and an interview with
a casual gamer. This glove is innovative in its design of multiple materials and modularity, with an FIR material
proven to increase blood circulation, parafricta material for ease of use on desks, and reusable/removable heat
packs. Testing of the glove comprises testing subjects that are exposed to a variety of conditions and measuring
their Actions-Per-Minute (APM) to measure the effectiveness of the glove’s design. The glove design can possibly
be used in a variety of settings that need to maintain manual dexterity simultaneously with keeping the user’s hands
warm such as an office.

I. INTRODUCTION

Our team was inspired by a recreational gamer who experiences frustration when his performance
decreases with cold hands. He needs a solution that allows him to retain his hands’ fine dexterity and
thermal comfort at a cool room temperature. There are more than 100 million registered PC game players
in the U.S. in 2019 before the COVID pandemic further boosted the gaming industry [1]. Coldness and
stiffness of hands are common concerns that impact gaming performance and diminish their gaming
experience. It can be a result of a cold environment, sedentary lifestyle, or medical conditions such as
anemia and thyroid imbalance. The existing solutions either sacrifice hand movement or neglect thermal
comfort. The solution proposed in this project is expected to increase the user’s gaming performance and
reduce anxiety caused by hand coldness in his recreational activity. This solution which retains most hand
dexterity while ensuring hand comfort can be valuable to gamers, typists, and other audiences who need
full hand dexterity in their daily lives.

A. Background

The hands’ proper functionality is defined by various parameters including reaction, sensitivity, velocity,
mobility, and force [2]. For PC gamers, the finger’s speed and accuracy of controlling the keyboard
and mouse are particularly important. These factors are in turn influenced by environmental conditions,
including low ambient temperatures [3][4]. To maintain a constant core temperature, the human body’s
thermoregulatory system reacts to the cold environment by decreasing blood flow to limit heat loss [5][6].
The ambient temperature and the reaction mechanisms that impact manual and finger dexterity are studied
by researchers for various purposes.

Hand skin temperature and core temperature are monitored for studies aiming to model their relationship
with hand dexterity. Wang et al. found that the subjects’ hands are the most comfortable among the five
temperature conditions when the ambient temperature is at 78 °F [7]. Furthermore, they found that the
hands retain optimal dexterity and maximum comfort when the finger temperature and hand temperature
are between 88 °F and 95 °F. On the other hand, Schieffer et al, McCleary, Hellstrom, and other researchers
all found that decreases in finger dexterity start to be observed when the hand and finger skin temperatures
are below 75 °F [8], [9], [10]. Significant losses of hand dexterity are observed at a local skin temperature
of 60 °F and below [8], [11], [12].

To overcome the loss of dexterity in a cold environment, engineers proposed and tested solutions from
three main categories: passive, direct, and indirect hand heating [13]. Traditional passive solutions include



layering textiles to entrap air in between and therefore limit convection. As a result, most of these solutions
can hardly maintain the original body mobility due to their cumulative thicknesses [6]. A solution that
involves innovative material is far-infrared textile. The high infrared emissivity of far infrared textiles is
achieved by combining inorganic powders with fabrics [14]. They absorb energy from sunlight or the
human body and release infrared rays with an 8 to 12m wavelength back to the human body. Far infrared
ray is proven to have medical benefits including improving local blood circulation by expanding capillaries
and inducing heat generation through resonance [15].

Direct and indirect heating of hands is often compared for their performance in maintaining hand
dexterity in cold. Direct heating is achieved by electrically or chemically heated gloves. Indirect heating
involves supplying heat to other body parts such as the torso, forearms, and feet. Brajkovic and Ducharme
studied the difference between hand heating and torso heating on dexterity [16]. In their experiments,
subjects wearing hand or torso heating garments were exposed to a -13 °F environment for 3 hours while
monitoring finger and forearm skin, as well as muscle temperatures. They are then asked to complete the
C-7 rifle task and Purdue Pegboard (PP) as the dexterity test. They concluded that the resultant finger
dexterity and skin temperature are comparable between direct and indirect hand heating despite an increase
in finger blood flow with indirect heating.

A strong correlation between blood circulation and hand dexterity is observed in studies that do not
maintain proximal skin temperature [17], [18], [19]. And indirect hand heating is believed to have an
advantage over direct heating in improving blood circulation. Moreover, LeBlanc found that keeping the
hands warm is not enough to maintain finger dexterity if forearm muscle temperature is low (below 86
°F) [20]. However, supplying heat to distant body parts consumes more energy than direct hand heating in
keeping peripheral skin temperature [21]. To maximize indirect heating’s benefit, Kosch found that, among
the different body parts, warming up the arms is the most energy-efficient in increasing blood perfusion
[22]. A study by Castellani et al. also found that the power required by increasing arm temperature is
less than that for the torso to achieve the same hand dexterity improvement [23].

The effectiveness study of the different solutions led to a conclusion that the most critical factor in
keeping hand dexterity in cold environments is normal peripheral blood circulation. The blood circulation
can be improved by increasing hand temperature through either direct or indirect hand heating. However,
no device is optimized for hand dexterity needed for PC gaming. The finest hand dexterity test conducted
in the experiments is pin insertion which can not be used to evaluate PC game performance. Thus, this
study will focus on designing a device that increases hand skin temperature and thermal comfort while
retaining full finger dexterity for PC gaming. The gaming performance related to finger dexterity will be
measured through an action-per-minute (APM) test, scored by the number of correct key activation of
keyboard and mouse in a minute, which is frequently used in the e-sport industry to evaluate a player’s
skill.

B. Overview

According to the background research, examined in Section I-A, hand skin temperature is proportional to
local blood circulation which is the major factor for hands to retain normal dexterity. We hypothesize that
increasing the skin temperature of hands and forearms improves the user’s APM measure and enhances
the user’s self-reported satisfaction with their gaming experience. The preliminary interview with a young
adult who is an avid gamer, discussed in Section II, supports the research findings, which allowed us to
design a glove device that specifically meets the needs of gamers, as well as office workers who experience
lowered dexterity. Section IIl shows the four main features on the device, including the fingerless glove
design, FIR glove material, reusable chemical heat pack, and a near-frictionless Parafricta material. The
effectiveness of this design will be tested following the methods mentioned in Section I11. If the hypothesis
stands true, further investigation might be needed to confirm the effectiveness of the device in different
environments, as discussed in Section IV. Furthermore, if the results of the finders are convincing, the
glove’s design can be slightly altered to fit the need of other professions, examined further in Section V.



II. PRELIMINARY RESULTS

The interviewed need-knower is from the 18 to 34 age demographic which is the biggest age group
among all the U.S. PC gamers [24]. Gaming is an important daily stress-releasing activity for him but cold
hands largely impact his experience. The interview intends to discover the actual needs of the interviewee
during gaming. A Zoom interview was scheduled at the time when the need-knower would normally start
gaming. By this means, he was able to walk the team through his typical experience and recalled specific
details that were essential to the study.

The interview focused on four topics: general information of the interviewee, setup and preparation
for gaming, gaming experience including any discomforts, and current remedies for the discomforts. The
first two topics help us understand the environment that the future solution will operate in. The latter two
topics reveal discomforts that need solutions and factors that can be improved. Techniques used in the
process include asking follow-up questions to describe current experiences and solutions, repeating the
last words to confirm the interviewee’s answers and the power of silence which allowed the interviewee
to divulge more details.

We identified 33 needs from the interviewee’s statements, from functionality requirements to size
and energy constraints. The five most important requirements are listed in the table below in order of
importance:

Customer Statement Interpreted Need

[ use my current setup for many other purposes and have no The solution operates normally in the
complaints. I do not have plans to change anything. current environment.

For my right hand, I click quickly with my index finger. For
my left hand, I use all of my fingers. Speed and accuracy are | The solution maintains the full
equally important. dexterity of both hands.

Sometimes I notice my hands get cold and start to be anxious
about performance. The feeling makes me uncomfortable. The solution keeps both hands warm.

I cannot stop in the middle of a game. which can last as long as | The solution operates consistently
one hour. during the gaming period (60 min).

Gaming is a hobby to me, I am unlikely to pay a lot unless it | The solution requires little investment
can be used for more than gaming. or has multiple use cases.

Fig. 1. Top 5 Requirements Derived from Need-Knower Statements.

The interview revealed the two most valued traits of the solution which are economic efficiency and
effectiveness in increasing performance.

The interviewee plays PC games almost every day during the evening for 2-3 hours. Although he enjoys
a cool room temperature throughout the day, his hands get cold during gaming. Cold hands slow down his
finger movement, especially his right hand’s index finger used for left-clicking the mouse. In addition, the
accuracy and speed of his left hand controlling the keyboard are affected. Aside from gaming performance,
the interviewee expressed that it’s unpleasant to have cold hands during gaming even if the specific game
doesn’t rely on finger dexterity. Therefore, maintaining the hand’s dexterity to ensure performance and
keeping hands warm for psychological comfort are equally important measurements for the solution’s
effectiveness. Another determining feature of a solution constrained by his current gaming habit is the
continuous functional length. Most of the games he plays are multiplayer strategy and fighting games that
cannot be paused in the middle and usually last from 30-60 minutes. As a result, the solution must be



effective throughout one game if not the complete gaming period of the day. The interviewee uses his
work desk with a PC and two monitors for gaming. The table is fully occupied by notebooks and other
electronics, leaving minimal space for a device to increase local ambient temperature. The area between
the monitor and the user is reserved for the keyboard and the mouse-pad. The user is unwilling to make
any major modifications to his current desktop setup.

The user’s current solution for cold hands is wearing a sweater. It can be considered as indirect and
passive hand heating by limiting body heat loss. With the sweater, he keeps his hands relatively warm but
the sweater sometimes makes him excessively feel hot in the torso area. Thus, he maintains a relatively
low AC-controlled room temperature (65 °F) which undermines his efforts to keep his hands warm. In
addition, he complained that the sweater slightly decreases the flexibility of the elbows. However, the
downsides of wearing a sweater do not disqualify it from being the most used solution for the interviewee
because of its economic efficiency. The user also mentioned that gloves are not used because covering
the fingers is uncomfortable and impacts his clicking accuracy significantly. The interviewee considers
gaming as a hobby which limits his budget for a performance-increasing solution. Therefore, the team
valued low-cost concepts and multifunctional concepts higher than others during the device design process.






