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Introduction

The U.S. population is currently older than it has ever been, and for the first time in
human history, there are more people in the world over the age of 65 than there are under the age
of five (Levy, 2022). By 2030, one in six people in the world will be aged 60 or older (WHO,
2022) and 20% of the U.S. population will be 65 and older (America Counts Staff, 2019). This
unprecedented aging of the U.S. is largely dictated by the aging of the Baby Boomer generation
(North, 2023), and as this trend progresses, the nation is forced to face a moral imperative to
ensure that older adults maintain a high quality of life. Yet, seniors are currently living
increasingly lonely lives (Stepler, 2016) and being dismissed as expensive to care for (Landau,
2017).

Loneliness is a significant public health concern among seniors, and it has grown to
become a prominent threat to their well-being (de Jong-Gierveld et al., 2006, p. 491; Gerst-
Emerson & Jayawardhana, 2015, p. 1013). Seniors are found to face social rejection and have
increasingly limited opportunities to engage in meaningful socialization (Shiovitz-Ezra et al.,
2018, p. 369). This gives rise to numerous physical and mental health problems, such as
depression, Alzheimer’s disease, and even premature mortality (Beller & Wagner, 2018, p. 8; Liu
et al., 2016, pp. 750-751; Wilson et al., 2007, pp. 236-237).

To encourage activity among seniors, my technical project aims to improve both their
physical and mental health by focusing on pickleball, which has gained immense popularity
within the senior community (Burns, 2022). We accomplished this by designing and prototyping
a pickleball machine that feeds pickleballs towards the user from across the court at varying
speeds and angles. The primary goal of our project was to make solo training more accessible by

offering users a cheaper feeding machine with customizations comparable to those of existing,



more expensive, automatic pickleball launchers. By doing so, this machine would ideally serve
as a resource to keep seniors engaged with their community through sport, aiming to reduce
strong feelings of loneliness by increasing the breadth of their social activity.

The design of this machine invites reflection surrounding how effective the incorporation
of an automatic feeding machine is when used to help seniors curb loneliness through a social
sport. There is currently limited literature on how the design of such machines influence seniors'
interaction with society. My goal is to understand the technological needs of seniors by studying
other health technologies designed for them, which could be applied to the development of
pickleball machines.

It's essential to incorporate design elements in technology tailored to fulfill seniors'
preferences to successfully reintegrate them into their community. This is because technology is
not merely a tool that we engage with, but it actively shapes and influences our perceptions and
interactions of the world. Technological artifacts can evoke certain human behavior (Verbeek,
2006, p. 362). A well-designed feeding machine should not only be functional but should also
inspire the user to engage with pickleball and reap the social benefits inherent to the sport. In this
paper, I use the theory of technological mediation to analyze the efficacy of resolving senior
loneliness via the use of a pickleball training machine. I will also illustrate the influence of
technological mediation on the design process of such a machine.

The Epidemic of Loneliness Among Seniors

Loneliness is manifested as an individual’s perceived discrepancy between desired and
actual levels of social involvement (Russell et al., 2012, p. 7). These feelings of loneliness are
growing to be increasingly prevalent among older adults (Valtorta & Hanratty, 2012, p. 519).

According to the University of Michigan National Poll on Healthy Aging (2023), 30% of a



national sample of adults between the ages of 50 and 80 reported feeling lonely and isolated from
others within the year of 2022. Those who suffer from loneliness are additionally associated with
higher rates of clinically significant depression and anxiety (Beutel et al., 2017, p. 2), which
further contribute to the accumulation of extreme psychological stress (Friedler et al., 2015, p.
495). Beyond psychiatric illness, lonelier seniors are also susceptible to numerous physical
issues, such as cardiovascular disease and sleep dysfunction (Hawkley et al., 2010, p. 2). As
briefly mentioned, they may even be faced with early mortality (Rico-Uribe et al., 2018, p. 21),
with the reported risk of cardiovascular death increasing by 90%, and the risk of death from
attempted suicide doubling in frequency (CDC, 2022).

A recent study conducted by the Pew Research Center (2020) illustrates that older adults
are more likely to live alone in the U.S. than anywhere else in the world. Within the U.S., 27% of
adults aged 60 and older live alone, compared to many other countries in the Asia-Pacific and
Middle East-North Africa regions, where fewer than 5% of seniors live alone (Ausubel, 2020).
The study also reveals that in the U.S., an average senior beyond the age of 60 lives in a
household size averaging 2.1 people, compared to a worldwide average of 3.4 people per
household (Ausubel, 2020). The significantly smaller household frequent within the U.S. may
contribute to the loneliness experienced by seniors, as the environment fails to support
meaningful relationships or relationships of adequate quality (Cacioppo & Hawkley, 2009, pp.
451-452; Gierveld & Havens, 2004, pp. 110-111).

Connecting Seniors to Their Community Through Sport

The increasing prevalence of loneliness among an aging population, coupled with its

detrimental effects on their health, emphasizes the need for effective intervention. Lonelier

individuals tend to be less physically active, which further compounds the negative effects of



loneliness on their wellbeing (Ahn et al., 2024, pp. 1-2). According to the CDC (2023), regular
physical activity is one of the most important things an older adult can do for their health. In
addition to the maintenance of physical health, regular exercise can also introduce opportunities
for positive social interactions (Basterfield et al., 2021, p. 5). Generally, physical activity is
shown to improve psychological health and the quality of social friendships (Pels & Kleinert,
2016, pp. 18-20; Umberson & Montez, 2010, p. S55).

Encouraging seniors to consistently participate in physical activity is an effective way to
reduce loneliness (Ahn et al., 2024, pp. 9-10). Researchers have found that working out in a
group lowers stress by 26% while significantly improving quality of life (American Osteopathic
Association, 2017; Sebastido & Mirda, 2021, pp. 2-3). A study assessed the effects of group
exercise among a community of 382 participants averaging an age of 76.8 years (Mays et al.,
2021, pp. 2-3). Results of the study reported decreased loneliness and improved social
connection after six months of group activity when compared to their baseline scores.

Beyond acknowledging the benefits of physical activity, it’s also important to recognize
the type of exercise that is most suitable and favorable for the senior community. A study
conducted by the National Institutes of Health (2022) reports that older adults who consistently
engage in racket sports had the lowest all-cause mortality risk when compared to other activities,
such as swimming or cycling. The positive effects of racket sports may be associated with the
specific physiological demands and adaptations characteristic of the sport (Watts et al., 2022, pp.
5-7). Racket sports require hand-eye coordination as well as intermittent bursts of high intensity
(Gavelin et al., 2021, pp. 11-12) which additionally improves physical functioning (Ito, 2019, p.

181). These actions also fall in line with the Physical Activity Guidelines for Americans (2018),



recommending older adults engage in physical activity involving both balance-training and
aerobic activities.

Among all racket sports, pickleball has been growing with immense popularity among
seniors (Buzzelli & Draper, 2019, p. 180; Heo et al., 2018, p. 69). The Sports and Fitness
Industry Association reported that 60% of the 1.4 million core players of pickleball, defined by
those who play at least eight times a year, were 55 and older (Fields, 2022). Additionally, more
than 33.7% of these core players were 65 and older, further illustrating pickleball’s appeal to the
older demographic.

The popularity of pickleball is largely fueled by the social environment inherent to the
sport. For example, a common open-play format used in recreational settings, known as mixer
play (Buzzelli & Draper, 2019, p. 180), accommodates players of varying skill levels by
allowing winning players to advance up a court and losing players to move down a court,
eventually pairing players of similar ability. This setting further allows different players to
mingle among themselves, providing participants with a more enjoyable social experience
(Casper & Jeon, 2019, p. 29). The psychosocial benefits of pickleball, along with the quality of
exercise that it provides to the senior community (Ryu et al., 2018, pp. 133-135), frames itas a
viable intervention to help curb loneliness among seniors.

Technological Interventions Among Seniors

Traditional methods of playing pickleball with a partner may not always be feasible for
seniors who are already suffering from loneliness. Extended periods of loneliness could lead to
deficits in social skills, making it difficult to quickly re-establish social connections (Cohen-
Mansfield & Eisner, 2019, pp. 567-568; Cohen-Mansfield & Parpura-Gill, 2006, p. 289).

Lonelier individuals are also more likely to feel threatened and mistrustful of others (NIH, n.d.).



Technology can be used to reconcile this problem (Chauhan & Pal, 2022, pp. 175-176), allowing
them to independently reap the benefits of the sport while easing back into the social
environment of their community.

Technology has the potential to assist with physical activity interventions (Araullo, 2016,
p. 7). New technologies ranging from wearable technology to training machines all aim to
promote a healthier lifestyle (Chaddha et al., 2017, pp. 149-150; Sullivan & Lachman, 2017, pp.
5-6), however, design choices surrounding these technologies have not necessarily been catered
towards seniors (Pirhonen et al., 2020, pp. 7-8). The adoption of new technology within senior
communities is dictated by several factors, such as affordability, reliability, and compatibility
(Lee, 2014, pp. 14-15). A key barrier to adoption is the inability for older adults to easily
visualize the contributions of a technology to their lives (Walsh & Callan, 2010, pp. 114-116).

Current pickleball training machines that are found on the market are expensive. Popular
and highly rated pickleball machines such as the Erne and Pickleball Tutor Plus retail for $1899
and $1050, respectively (Meet ERNE, n.d.; Pickleball Tutor Plus, n.d.). The steep price tag of
these products is justified by its expansive array of features. These machines can serve a variety
of pickleball strokes including serves, groundstrokes, dinks, and lobs. They also offer different
timing configurations and shot location customizations. However, more doesn’t always equal
better, especially for an older target audience.

Many older adults feel intimidated when faced with new technology, and such
intimidation effectively lowers perceived benefits, satisfaction, and likelihood of consistent
engagement with the technology (Meuter et al., 2003, p. 900; Piper et al., 2010, pp. 907-909).
The high cost of these machines is another common grievance among seniors, who may see an

imbalance between tangible costs and potential benefits (Mitzner et al., 2010, pp. 1719-1720).



The user experience of a pickleball machine heavily dictates how well it will be received by
seniors. A negative experience not only hinders the integration of seniors into the community but
can also trigger technology-related anxiety, further diminishing seniors' confidence.

The Technological Mediation of a Pickleball Machine

The design of technology and the degree of which older adults choose to engage with it
can be described using the theory of technological mediation. The central idea of this theory
describes how relations between human beings and the world around them are shaped through
the use of technology (Verbeek, 2016). Technology is constantly guiding our behavior: a speed
bump invites us to slow down by threatening damage to the vehicle, and a car could demand all
doors be securely locked by refusing to start otherwise. Within the context of addressing senior
loneliness, it’s examining to what extent the design of the pickleball machine inspires or limits
engagement from senior users.

Principles of user-centered design among engineering are crucial for making technology
more engaging. Designing technology with the explicit purpose of influencing human actions
can easily raise moral questions, so technological mediation charges both users and designers
with the responsibility to be actively engaged in shaping the impact of technologies on social
practices. At the very least, technology should be designed with nonmaleficence.

Technology that has a purpose usually withdraws from the user’s attention (Verbeek,
2006, p. 364). For example, when writing a letter, the user’s attention is on the contents of the
letter rather than the pen itself. Similarly, when users engage with an automatic pickleball
feeding machine, their attention should be placed on the ball and the strokes they take to hit it,

rather than on the machine. It is only when the piece of technology breaks down that attention is



drawn to it. It is also at this point where the artifact loses the ability to foster the relationship
between the user and the world.

In this way, technology transforms the way we perceive by mediating our sensory
relationship with reality (Verbeek, 2006, p. 365). A well-designed pickleball machine warrants
senior engagement, and frequent interactions would allow them to develop a deeper
understanding of the game. The iterative process of experimenting with different launching
configurations also encourages seniors to improve their skills at their own pace. The control and
autonomy that the machine provides could resultingly boost their confidence and motivate them
to participate in community pickleball events and activities.

Because technology helps to determine how people interpret reality, the question then
becomes how engineers can incorporate the awareness of technology’s mediating influence into
the design. A possible method of addressing this is to involve the intentional users into the design
process. Technology could be equipped with novel features and state-of-the-art customizations,
but poor reception from a user standpoint eliminates all its value.

Methodology

When developing technology for older adults, direct feedback pertaining to needs and
expectations would ideally be collected to design a machine which confidently integrates
consumer necessities. This stems from the idea that technological advancement frequently
depends on preconceived notions about the needs and expectations of older adults, rather than on
their genuine preferences and requirements (Lee, 2014, p. 16). However, due to time constraints,
my team neglected to survey seniors before designing our pickleball machine. Nevertheless, we
recognize the importance of this step and intend to incorporate it into future engineering projects.

As an alternative method of gauging senior needs, I opted to conduct a systematic literature



review which examines studies to identify the nature of older users’ involvement within the
design process and how it impacts their utilization of technology.
The review of this literature had been narrowed down using the key words of “user
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involvement,” “design process,” “technology,” “health,” and “older adults.” Searches were
conducted primarily within bibliographic databases such as ScienceDirect and Oxford Academic.
The type of technical intervention wasn’t limited within my search, so topics within relevant
papers ranged from wearable technology to fitness apps. In doing so, I was able to find common
ground among the core values that seniors prioritize across various types of technology. Two
specific cases will be explored to demonstrate the importance of user-centered design in
mediating the relationship between technology and seniors. While there is limited literature
specifically addressing the user experience of ball feeding machines, takeaways from the review
can be expanded to explore how the design of a pickleball machine could either effectively or
ineffectively reintegrate seniors into their community.
Case 1: Reception of Fitbit Among Seniors

Wearable devices have become widely available and are growing increasingly popular
among young users. Devices such as Fitbit allow users to track and monitor their levels of
physical activity, nutrition, and even sleeping habits. Numerous studies have cited the success of
enhancing users’ physical activity through wearable devices (Mercer et al., 2016, p. 7), yet this
appeal doesn’t extend to the senior community, as only 3.3% of its users are 65 years or older
(Wurmser, 2019). An important factor that impacts seniors’ intention to use wearable devices is
perceived complexity.

Perceived complexity is defined as the degree to which an innovation is perceived as

difficult to use and understand. Findings of this study had concluded that input and output



complexity of wearable devices had significant impacts on their use of the technology (Farivar et
al., 2020, pp. 2-3). For example, some seniors reported to have doubts of their own ability when
being explained how to input their personal data and sync the Fitbit to their smartphone. Others
were reluctant to use the device due to the laborious process of configuring initial settings.
Concerns of interpreting the various data metrics were also voiced, with many facing difficulties
when understanding the meaning of lesser-known measurements.

This case highlights perceived complexity as a major deterrent for the use of wearable
technology among seniors. Despite the intention of Fitbit in facilitating a more active lifestyle,
complexities in the design were not suitable in attracting seniors. The mediating role of a Fitbit is
dependent on both the ways in which the technology is used and on the ways in which the
technology allows unforeseen mediations to emerge, even when used as the designer intended.
Health tracking technologies should disburden the user and serve as a bridge to cultivate
healthier habits, but the complexity of interpreting the device’s collected data provides the
opposite experience. The Fitbit demands a certain level of technological proficiency, which shifts
seniors' attention away from the intended goals it aims to achieve to focus on the device itself.
The technology embodies a consequentially large cost associated with living a healthier lifestyle.
Well-designed technology should evoke a bond with their users, and a Fitbit should invite senior
interaction without being so demanding that few are prepared to use it. Limiting features within
the design could still provide seniors with a sense of autonomy over what health statistics they
would like to see while not overwhelming them with options.

Case 2: Senior Co-Design of mHealth Applications
mHealth applications are aimed at addressing health deficits among older adults, with a

subset of them intended to be used to improve physical activity levels. Over 100,000 mHealth
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applications exist across the Apple App Store and Google Play Store, offering services ranging
from customized training plans to daily activity tracking. However, despite the ubiquity of these
apps, usage among seniors were found to be exceptionally low (Pew Research Center, 2024).
Consensus survey data had also shown abandonment of these applications within the first three
months of downloading (Harrington et al., 2018, p. 1).

Many existing guidelines of fitness applications are developed under the assumption that
users adopt these technologies to improve physical fitness and weight, or to be more aware of the
state of their health. However, these guidelines don’t necessarily apply to older adults, who are
more motivated by factors such as positive reinforcement and social influence (Harrington et al.,
2018, p. 2). Even with the knowledge of what motivates older adults, it may still be difficult to
incorporate these strategies into the design without direct feedback from seniors themselves. This
study focused on understanding older adults’ experiences with existing mHealth applications and
how co-design would be effective in promoting sustained use among this age demographic.

This case illustrates the importance of incorporating relevant actors into the design
process to understand technological needs. Co-design allows a practical connection to be
established between the context of design and the context of use, which allows an informed
prediction about the mediating role of a technology. This method involves all relevant social
actors of designers, users, regulators, and so forth into the design process with the goal of
reaching a consensus around the most suitable design of a technology.

However, co-design has certain limitations from the perspective of technological
mediation. The process shifts focus away from the actively mediating role of the core technology
by analyzing the dynamics of its development. Understanding how technologies emerge from

their design context comes with a cost, which is understanding the role of the technology within

11



its use context. Beyond only focusing on user needs in product specifications, relevant social
actors could be encouraged to anticipate possible mediating roles of the technology being
designed. Explicitly incorporating this step into the co-design process is beneficial in defining
the designers' responsibility to promote a desirable influence of technology.

Results

Takeaways from these two case studies can be applied to our pickleball machine to
ensure that we are designing a more meaningful piece of technology. Because the pickleball
machine is not a static piece of technology that works without interaction, I have the
responsibility to ensure that the machine I design invites engagement and is an active facilitator
of community. The point that technology inevitably plays a mediating role in the behavior of its
users makes my work as a designer an inherently moral activity.

I have the responsibility of anticipating these mediating roles, but there are tradeoffs
which come with this anticipation. For instance, my team and I programmed in a delay of around
10 seconds between the user pressing ‘Start’ to load a pre-designed drill on the machine and the
first ball being fed out of the machine. The intention of the delay is to allow the user enough time
to travel back to the other side of the court before beginning the drill, which is especially
necessary when the user starts the drill solo. However, in doing so takes away a certain amount
of freedom in deciding how long the user wishes to wait between starting the drill and receiving
the first ball, which could be undesirable to fast-paced players. As my pickleball machine is
designed for seniors with naturally slower reaction times than younger adults, it circles back to
my responsibility in ensuring that these seniors aren't disadvantaged by the machine's design,

even if it means compromising convenience for younger players.
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Analysis of the first case study also reveals seniors’ desire to have a degree of
customization across the technology they engage with while avoiding complexity. Customization
is crucial for enhancing the feeling of closeness and comfort with the machine, allowing users to
make intentional choices about how they wish to engage in pickleball. We incorporated the
ability to toggle the speed of the launched ball, as well as the net clearance or court placement of
the ball. Each of these customizations is intuitively simple and straightforward on its own, but
when combined, they can produce hundreds of unique feeding patterns. In this way, the
pickleball machine communicates the versatility of the sport, and seniors can feel empowered by
the autonomy and control they have over their practice environment. By experimenting with the
combinations of different configurations, seniors learn how to optimize the machine’s
performance to suit their needs and preferences. This could enrich their experience by inspiring a
sense of mastery and accomplishment, encouraging them to further interact with others who
share a similar passion for the sport.

Insights from the two case studies guide my approach to designing a more meaningful
pickleball machine. Through thoughtful design, my goal is to cultivate an enjoyable pickleball
experience among seniors that can resultingly strengthen their engagement with the sport and
each other.

Conclusion

Technological mediation creates a specific responsibility for engineers because the goal
of designing behavior-influencing technologies can raise moral questions itself. It’s important to
recognize that all design choices will effectively illicit certain changes in behavior, and large
responsibility falls on the designer to ensure that these influences are positive. In the case of my

team’s pickleball machine, anticipating how the design of our machine will support the age and
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behavior of seniors is important in positively mediating the relationship between them and
society. However, I also recognize the difficulty in doing so because there’s no definite one-to-
one relationship between the decisions made by designers and the mediating role of the
technology being designed, despite the intention. Many external factors influence the mediating
role, including the user demographic to which the technology is introduced and the unpredictable
way the technology may be used. Regardless, shifting focus towards anticipating the mediating
role of technology and ensuring that the design of technology inherently disburdens the user are

important steps to take in responsible engineering.
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