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Abstract

Although the video gaming industry appeals to a vastly diverse audience, common input devices are often
standardized to fit an average hand size. Users with hand sizes beyond this specific range can experience discomfort
or even injury as they adapt their movements to achieve the same performance as those with average-sized hands.
To investigate the role of hand size in computer gaming, we interviewed an avid gamer who experiences difficulty
reaching inputs on a keyboard with some digits. From this data, we constructed a framework for the design of the
Comfort Controller, a gaming device with adjustable and customizable inputs. Using this testbed, we aim to study
the effects of input orientations on reaction time to examine our hypothesis that adjustable input orientations will
improve accessibility to controls during urgent computing tasks. These results would signal the value of designing
input devices informed by all human bodies.

I. INTRODUCTION

The advent of COVID-19 in early 2020 led to a shift from office-based work to home-based work in
order to suppress viral spread through self-isolation, lockdown, and quarantine [1]. Prior to the pandemic,
only 7.9% of the workforce worked from home, but during the pandemic, 81% of workers experienced
a workplace closure, many of which were forced to transition to working from home [2], [3]. These
world-wide closures have significantly increased individuals’ free time and have led to large upticks in
digital entertainment usage such as video gaming, which alone has grown by 75% [4]. This rapid shift
in behavior presents a higher risk of musculoskeletal disorders due to the sudden and heavy increase in
tool usage [5], [6]. To compound this issue, common devices are designed to fit average-sized bodies, so
those who fall outside of this range often experience discomfort while using them. Therefore, developing
ergonomic and customizable tools has the potential to improve physical outcomes, which is especially
important during this unique period, for the sizable population that spends a large percentage of time
working from home and playing video games.

A. Background

Previous work around computer interaction tools involve a variety of customizable input methods.
Zheng, et al. explored multiple input functions for a single key, depending on the finger used and posture
of the hand [7]. Pressing the same key with different fingers or the same finger, but different hand postures
eliminated the need for modifier keys such as ‘ctrl,” ‘alt,” and ‘shift,” and could map more functionality to
the limited number of existing inputs. In addition, it enabled keyboard customization on a software level
by and for each individual user, allowing those with different hand functionality to tailor their keyboard
to best conform to their actions and needs. This study showed such a device was relatively easy to learn,
and had a low error rate on the part of both the user and the computer. Another study by Lee, et al.
utilized chording gloves to create a universal typing system without a physical keyboard that could be
used by individuals with vision impairment [8]. The gloves were equipped with three contact pads along
the palmar side of the fingers to detect combinations of thumb and finger contacts in different regions
which generated respective letters, numbers, or Braille codes. A third group, Choi, et al., studied improved
virtual keyboard design based on physical QWERTY keyboards by pre-allocating vertical columns of key
inputs to each finger [9]. Higher error rates in typing were measured between adjacent keys in the same



horizontal row and correlations between finger movements were observed between fingers in contact with
inputs and the remaining fingers not in contact. These studies emphasize the value of input customization
as a design factor in the development of accessible keyboards for all.

In addition to customizing input functions, much work has been done in optimizing overall device
design for a variety of body sizes and postural preferences. Several of these studies focus on kinematic
analysis of the body during interaction with a device to understand best practices in ergonomic design.
Nelson, et al. studied wrist and finger motions during a typing task to determine how unique keyboard
designs impact the finger and hand biomechanics [10]. They found that with greater wrist extension,
finger joints flex more to compensate, and flatter keyboards induce more biomechanical stress via tendon
travel. Baker, et al. aimed to quantify the angles, angular velocities, and angular accelerations of the MCP
and PIP joints during word processing tasks [11]. This study introduced a new metric in the form of
hand-wrist displacement, to measure how much a subject’s hand moves laterally during these actions.
While hand anthropometrics were measured, no correlations or relationships between them and keyboard
use were assessed. Accordingly, Magno, et al. sought to quantify the anthropormetric hand model and
correlate it with the hand sizes needed to reach various keys and combinations on a computer keyboard
comfortably [12]. Common keyboard shortcuts on the extreme end of required distance were found to
only be reachable by the 95th (left hand) or 99th (right hand) percentile and above while keeping the hand
relaxed, with that barrier lowering to 25th and 75th percentile respectively when the hand is extended.
Beyond hand kinematics alone, Chung, et al. assessed upper body musculoskeletal discomfort in computer
operators for a wide range of body sizes, noting that those with body sizes outside of the average range
reported higher discomfort compared to those in the average range [13]. We can speculate that the standard
workstation setup may not be the best fit for all users due to variable body sizes and as such, adjustability
or customization should be considered. This collection of work further highlights the shortcomings of
classical keyboard design with regards to long-term comfort, especially when used by those with body
sizes outside of the average range.

One existing ergonomic input solution currently on the market today is the vertical mouse design as an
alternative to the standard flatter computer mouse, which may increase risk of musculoskeletal disorders
such as carpal tunnel syndrome [14]. Quemelo and Vieira studied performance biomechanics between the
two devices, concluding that the vertical mouse shows reduction in pronation and wrist extensor muscle
activity, diminishing the risk of musculoskeletal disorders [15]. Similarly, Odell and Johnson evaluated
wrist postures resulting from the use of variable angled computer mice. They also reported the fully
vertical mouse reduced pronation compared to the traditional flat mouse and a partially angled mouse
[16]. These works underscore the benefits of reducing pronation in wrist posture during computing tasks,
but this has yet to be translated into the keyboarding-type input component of the computing workspace.

B. Overview

Given the prior work on novel computer input designs as well as kinematic assessments of manual
computer interaction, it follows that existing standard computer input devices fail to accommodate for a
wide range of hand morphologies. These shortcomings are especially apparent and can become increasingly
frustrating when faced with urgent and pressing computing tasks, such video gaming. Therefore, we
hypothesize that adjustable input functions and positioning for variable hand sizes will improve comfort
and accessibility during time-dependent actions.

Through a contextual inquiry with a computer video gamer who has smaller hands, we identified critical
user needs and values that supported our hypothesis, as outlined in Section II. In Section III, these needs
were evaluated then translated into design factors, informing the resulting testbed and enabling us to study
the efficacy of our design on ergonomic comfort and in fast-paced gaming situation. The results of this
study could change the way product designers and engineers develop adjustable, inclusive tools specific
to the human body, as described in Section IV. Finally, the appeal of these results and our intended
open-access will enable widened accessibility for all users of the greater video gaming community, as
discussed in Section V.



II. PRELIMINARY RESULTS

We conducted a virtual interview over Zoom with an individual who experiences difficulty in non-
prehensile keyboarding tasks due to smaller hand size than the average range that many devices are
designed to fit. Through the method of contextual inquiry with this interviewee, we learned that they spend
a significant amount of time at their computer, often playing video games that require time-sensitive actions
on a computer keyboard. The importance of swift input control necessitated by these situations exposes
the shortcomings of input reachability in generally designed products. To gain a deeper understanding of
the user’s needs related to computer interactions, we adopted a Master/Apprentice technique to conduct
a contextual inquiry, allowing the interviewee to teach and show us the different ways they interact with
their computer on a daily basis. From this interview, we identified the most critical needs of the user,
presented in Table 1.

As a result of these inquiry methods, we learned that video games are a major component of the
individual’s daily routine, but there are multiple ways they interact with their computer to play these
games. They introduced us to a variety of tools they use to play video games at their computer, including
a keyboard and mouse setup, and two different external, handheld controllers. The tools had some
overlapping use cases, such as compatibility across multiple devices, and we used these cases to improve
our understanding of both the most desirable and limiting factors of each of those existing designs and
the individual’s interactions.

Since the contextual inquiry was conducted over Zoom, the interviewee demonstrated how they use each
of the tools. When using the keyboard and mouse setup, we observed an unusual compensatory strategy
they developed to reach augmentation keys such as ‘ctrl’ and ‘shift” when playing a game. Typically, their
left hand controls character movement by utilizing digits 2-4 to control the ‘A, ‘S, and ‘D’ keys, with
digit 3 switching between the ‘S’ key and the ‘W’ key above it. Inputs such as the ‘ctr]’ or ‘shift’ keys on
the left-hand side of the keyboard are often used in combination with other keys to augment or perform
additional actions. While many users utilize the Sth digit to press these keys, the individual we interviewed
struggles to reach these keys with their 5th digit due to smaller hand size and alternatively contorts their
hand so that their thumb flexes under the palm to reach these inputs instead. This unconventional technique
reiterates the findings of Magno et al., reaffirming the importance of an inclusive device design for a wider
range of hand sizes [12].

Alternatively, the external controllers offer the interviewee more intuitive hand positioning that enables
easy access to all of the necessary inputs. While the user experiences no discomfort due to digit reachability
challenges, these controllers rely primarily on the thumbs for input control, which often require leaving
one input to access another. Digits 3-5 on each hand support the grasp of the controller, but do not
interact with any inputs. Furthermore, we observed that moving the hands off and back onto the external
controllers to perform out-of-game tasks such as using a cellphone or eating a snack, resulted in far fewer
hand positioning errors than the same set of actions with a keyboard, where the user commonly returned
their left hand to the wrong set of keys. This experience particularly concerned the interviewee due to
the time-sensitive nature of their video games, informing the intended goal for our device design.

TABLE I: Critical User Needs Chart

1. Compatible with user’s anatomy 3. Efficient finger-to-input mapping

Inputs should be easily reachable with all digits Inputs should utilize many digits and be tailored to their
Hand positioning should be intuitive and natural respective dexterity

2. Highly customizable 4. Broad versatility

Inputs should be customizable to user’s intended functions Capable of a variety of normal computing tasks
Inputs should be adjustable to accommodate hand anatomy  Easily integratable into an existing setup




These interview findings led to a strong emphasis on reachable and intuitive inputs in our design process.
We aimed our design efforts toward creating a device that could be adjusted to fit any hand size and allow
for customizable input functions, without compromising the dexterity needed to perform time-dependent
computer tasks. Additionally, we aimed to utilize all of the fingers to improve dexterous control without
introducing added complexity to an existing setup.

III. METHODS
A. Testbed

Considering the prior art and findings from our contextual inquiry, we developed a controller for the left
hand, to accompany right-handed mousing during computer-based video games (Figure 2). The controller
body was designed with ergonomic comfort in mind, featuring a vertical shape modeled after the existing
Logitech MX Vertical mouse [17], contoured to the left hand to reduce wrist pronation. During the
interview, we learned that options for multiple control methods was a desirable trait. Thus, one side of the
controller features a bank of keys for use by digits 2-5, while the other side features an analog thumbstick
(Figure 1). We also observed how the interviewee struggles to hit certain key combinations comfortably
due to “one-size-fits-all” keyboards failing to accommodate different hand sizes. Therefore, our testbed
introduces adjustable key orientations; each bank of keys is attached to a slider, which can be moved
forward and backward to best fit the user’s hand (Figures 3, 4).

Additionally, the interviewee noted that they often misalign their hand when placing it on the keyboard,
similar to the finding by Choi, et al. [9]. To address this concern, we limited the number of available keys

Fig. 1: Left, front, and right view renders of device.
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Fig. 2: Intended usage of the device in conjunction with a computer mouse.






