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Abstract

Cycling is a popular leisure activity and a sustainable mode of
transportation, but various accessibility barriers thwart the inclu-
sion of people who have a mobility disability in this activity. Our
work presents their perspectives on cycling and addresses the role
that technology plays in this context. Through semi-structured
interviews with 15 cyclists who have a mobility disability and use
diverse accessible cycles, we concentrated on their lived experience
and their current and envisioned use of technology. We applied Re-
flexive Thematic Analysis and crafted three themes, focusing on (1)
disabled people’s heterogenous approaches to accessible cycling, (2)
wellbeing and social relationships emerging through accessible cy-
cling, and (3) how technology improves accessible cycling and why
it is carefully applied by disabled cyclists. Grounded in these results,
we propose design goals, calling for dependability of technology,
opportunities to self-manage accessibility, and preservation of the
original cycling experience, and we appraise the grand challenges
of CyclingHCI in the context of accessibility.

CCS Concepts

« Human-centered computing — Accessibility.
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1 Introduction

Cycling is a leisure activity, sport, and a sustainable mode of trans-
portation that comes with many benefits for riders and society: It
increases physical and social well-being [21, 37] and contributes
to a cleaner environment and reduced traffic in urban areas [17].
Despite these compelling reasons to engage in the activity, cycling
is associated with various accessibility barriers that thwart the
facilitation of all its benefits for disabled people. Barriers include
a lack of (accessible) infrastructure, a poor supply of affordable
and accessible cycles! for people who have a mobility disability
in particular [7, 9], and a generally limited representation of the
lived reality of disabled people in cycling [25], e.g., through the
design of cycling infrastructure that favours the bicycle [9]. Conse-
quently, disabled cyclists remain under-represented in the cycling
community [1, 25].

Human-Computer Interaction (HCI) research has previously
leveraged technology to improve cycling for non-disabled persons

Including accessible cycles with more than two wheels (also see [39]), in the following,
we either use the general "cycle" or specify the type, e.g., "bicycle" or "tricycle" (abbr.
"bike and "trike") depending on the context. We use "e-bike" to refer to all electrified
cycles.

Kathrin Gerling
kathrin.gerling@kit.edu
Karlsruhe Institute of Technology
Karlsruhe, Baden-Wiirttemberg, Germany

(e.g., [33]), and the SportsHCI community has questioned the state-
of-the-art design that predominantly focuses on normative bod-
ies [18, 44]. Yet, despite a growing CyclingHCI community with
a claimed focus on inclusive cycling [34], little is known about
disabled people’s requirements and their experience with cycling
technology.

For example, becoming “one with the bike” [13] may open up a
different discussion if cycles are simultaneously considered mobility
aids by riders who have a mobility disability [9]. Hence, involving
these communities in research and exploring their perspectives
on accessible cycling presents a unique research opportunity that
can inform the design of novel embodied technology for accessible
cycling.

We therefore raise the following research questions:

RQ1: How do people who have a mobility disability engage with
cycling, and how can we characterise their cycling experiences?

RQ2: What role does technology play in this context, and (how)
could it contribute to accessible and enriching cycling experiences?

Adopting a qualitative research approach, we conducted semi-
structured interviews (n=15) with people with mobility disability
who have previous cycling experience or wish to start cycling in the
future. To synthesise results and craft themes that illustrate partici-
pants’ perspectives on cycling and technology, we applied Reflexive
Thematic Analysis [6], and crafted three themes: Disabled people’s
approaches to cycling are heterogeneous and Accessible cycling fuels
wellbeing and social relationships (both RQ1), as well as Technology
used for cycling offers many improvements for accessibility but is
carefully curated and not broadly employed (RQ2).

Our results show that disabled people’s diverse biographies and
lived experience are reflected through heterogenous approaches to
cycling, and that cycling sparks wellbeing and self-determination
while also bringing along new social relations and interplays. Tech-
nology plays an important role in accessible cycling, but always
needs to centre the cycling experience. If reliant, it can be a true
facilitator of access, primarily through motorised cycles, but also
digital planning, navigation and tracking tools.

Our paper makes the following contributions:

(1) We report nuanced lived experience of disabled cyclists and
elaborate on their current use of technology for accessibility,
and highlight conditions that influence its (prospective)
usage.

(2) Crafting three design goals, and contextualising the grand
challenges of CyclingHCI [33], we outline future avenues
of technology for accessible cycling.
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2 Related Work

The following presentation of related work includes general re-
search on accessible cycling (see Section 2.1) and relates to recent
works in CyclingHCI that cover a wider span of application cases
of cycling technology for non-disabled riders (see Section 2.2).

2.1 Accessible Cycling

General research on accessible cycling is situated within transporta-
tion and disability studies, examining barriers and facilitators of
accessible cycling in the material and infrastructure, but also in
sports science with an emphasis on cycling for leisure and exertion.
Researchers examine adaptations or alterations of bicycles that
aim to remove barriers that disabled people face [8, 9], and explore
their (social) context of use [39]. When addressing people with mo-
bility disability, efforts often focus on mitigating impairment, e.g., a
lack of stability or muscle strength [7]. Reflecting a diverse disabled
cycling community [26], riders may switch to tricycles, handcycles
or various other types of adapted cycles that improve balance and
rely less or do not rely on leg strength [8, 42]. In that context, the
introduction of electrical bikes (e-bikes) offered new opportunities
as they can compensate limited arm or leg strength [29].
Research on accessible cycling often also concerns the design
of the built environment as barriers frequently emerge from poor
infrastructure design due to old cycling infrastructure being built
for the cycle with two wheels [9]. Examples for inaccessible infras-
tructure include signage which excludes other forms of cycles and
reduces disabled cyclists’ visibility [1, 20], narrow cycling paths
which do not fit larger, accessible cycles, or the design and loca-
tion of bicycle stands for standard cycles [9], often overlooking the
role of the cycle as mobility aid . There also exist barriers that all
cyclists face to some extent, with disabled people being at higher
risk, for instance, vulnerability in traffic [9], poor infrastructure
design [8, 9, 16], or awareness of other road users and limited vis-
ibility in traffic [16, 26]. Consequently, researchers call for more
inclusion in the planning and testing of new infrastructure [20].
Complementing transportation and disability studies, sports sci-
ence has further explored accessible cycling in the context of leisure
and exertion. Mosser et al. [37] conducted a literature review, high-
lighting the short-term and long-term potential that accessible
cycling has on improving physical and mental health as well as
quality of life in general. Sorraghan et al. [43] focus on disabled cy-
clists’ perspectives and lived experience in sports and recreational
activities, and report positive effects on health and fitness, but also
stressed the importance of cycling for independence and inclusion.

2.2 CyclingHCI

In contrast to technology for disabled cyclists, HCI addressed many
aspects of cycling, primarily around wearable and on-bike technol-
ogy for urban transportation and exertion that targets cyclists with
normative bodies. Application areas range from (safe) cycling expe-
riences in and navigating through urban traffic (e.g., [32, 47]) to en-
gaging in virtuous exertion (e.g., [48]) and social cycling (e.g., [19]).
Technological artefacts comprise wearable, on-body, and on-bike
technology [41], as well as setups for virtual cycling simulations
(e.g., [2, 35]). Notably, recent research on e-bikes evolved around
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their potential to level the athletic imbalances [36] while also mak-
ing cycling more accessible for elderly people [4].

At a meta-level, there exist research community-driven elab-
orations on the field. Drawing on their expertise and vision of
CyclingHCI, Matviienko et al. [33] proposed a set of ten grand
challenges for the field comprised in the following categories (1)
Pushing the technological boundaries for cycling, (2) Understand-
ing and protecting cyclists (3) Spatially situated cycling. While
Elvitigala et al. [11] cover accessibility in their grand challenges
of SportsHCI, i.e., acknowledge the "[l]ack of understanding of
how to overcome barriers to sports access", CyclingHCI’s grand
challenges miss this discussion. But recent research endeavours
in the CyclingHCI highlight this gap and underline the need for
involving disabled communities in research [33].

Similarly, work at the intersection of HCI and transportation
misses a discussion on cycling as means of mobility for disabled
people, e.g., by referring to disabled people and cyclists separately in
the context of vulnerable road users [22]. Likewise, considerations
on future mobility only cover accessible cycling superficially [10],
missing the lived realities of disabled cyclists (cf. [7, 26]).

Specific research on accessibility, cycling, and technology re-
mains limited. For instance, work exploring cycling with physical
disabilities with focus on rehabilitation or health-intervention tech-
nology only superficially touch the underlying issues (e.g., [12, 14]).
These works continue to perpetuate inequalities, and reinforce med-
ical perspectives on disability [44]. In contrast, recent endeavours
in SportsHCI argue for more inclusion of marginalised groups [18]
and for holistic perspectives on disability, cycling, and technology.
In that context, researchers call for acknowledging cycling’s values
besides fitness and health (cf. [38]) and providing new opportuni-
ties for accessible technologies, i.e., facilitating equitable cycling
experiences that focus on ability and not disability [25, 44].

3 Methodology

To answer our research questions, RQ1: How do people who have a
mobility disability engage with cycling, and how can we characterise
their cycling experiences? and RQ2: What role does technology play in
this context, and (how) could it contribute to accessible and enriching
cycling experiences? , i.e., to explore the lived experiences of dis-
abled cyclists and their relationship with technology, we conducted
semi-structured interviews with the target group. Here, we give an
overview of our interview approach, give detail on participants and
procedure, document how we applied Reflexive Thematic Analy-
sis [6] to craft themes inductively, and discuss the research teams’
positionality.

3.1 Interview Guide

The interview comprised three main parts. We first collected de-
mographical information and asked about the participants’ cycling
background. Here, we wanted to get a first impression on how
(long) they cycle, why they cycle, and which cycles they use. In
the second part, we then detailed on their (accessible) cycling ex-
perience and focused on positive and negative aspects as well as
their motivation for cycling, e.g., What are your facilitators for a
good cycling experience? or How does your disability interact with
your experience of cycling? Here, we further wanted to learn about
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their experience with indoor and social cycling, as well as how their
disability affected their cycling experience in general. We finally
covered their use of technology. We first focused on specific tech-
nology (cf. [41]), covered individual solutions, and concluded with
how participants envisioned the role of technology for accessible
cycling in the future, e.g., What are your perspectives on the tech-
nologies that you currently use? or Are there technologies currently
not available to you that would improve your cycling experience?

3.2 Participants and Procedure

We recruited participants via personal contacts, sports clubs, non-
governmental organisations (for cycling), and communal represen-
tatives for inclusion. Participants needed to be at least 18 years
old and to self-identify as having a mobility disability. In addition,
participants had to either have experience with accessible cycling,
or alternatively, wish to try accessible cycling in the future. In total,
15 people (8 women, 6 men, 1 non-binary person) took part in the
interview (see Table 1). Participant age was between 29 and 66 years
(M=49.67, SD=13.7). Depending on their disability, participants re-
ported using different kinds of bi- or tricycles. For instance, P2 has
a left-side paralysis and regularly uses an e-bike with two wheels.
P9 has reduced muscle strength and spasms mostly in his legs, and
uses a recumbent trike with leg propulsion and a motor, and P8
permanently uses a wheelchair which is turned into a handcycle
with an extension.

The interview procedure and guideline were approved by the
ethics board at the Karlsruhe Institute of Technology. All inter-
views were audio recorded. At the beginning of each session, we
informed the participants about the procedure and asked for in-
formed consent. Afterwards, we started the interview by collecting
demographic information and the participants’ individual back-
grounds. We then proceeded with questions about their overall
cycling experience and finished the interview with their current
and envisioned technology use. On average, interviews took a little
over an hour (M=67.01 min, SD=19.54 min) and participants were
compensated for their time with 30€.

3.3 Data Analysis

Given that we collected rich data pertaining to lived experience, we
opted for Reflexive Thematic Analysis [6] as analytical approach.
Following Braun and Clarke [5, 6]’s process, the first author tran-
scribed interviews and familiarised themselves with the data. They
then inductively assigned codes to the participants’ quotes and
crafted initial themes. For example, the statement “For a long time,
my disability did not restrict cycling much until I realised that dis-
mounting is getting more difficult as well as the difficulty to keep
the balance when I moved slowly” (P9) was coded as the bicycle
became more complicated with time. This analysis followed an induc-
tive approach, i.e., coding and themes were not guided by existing
frameworks. After this coding stage, both authors met and dis-
cussed the conceptualisation of these themes to further increase the
robustness thereof. Afterwards the first author refined the themes,
followed by a second review together with the second author before
finalising the thematic map and writing down the report. Through
this process, three final themes were crafted, focusing on disabled
people’s individual approaches to cycling, wellbeing and enhanced

social relationships as effects of accessible cycling, and the well
thought out use of technology for accessible cycling.

3.4 Positionality Statement

In line with the subjective nature Reflexive Thematic Analysis [6],
and therefore, to contextualise our results, we report our position-
ality that contributed to this report.

We are researchers in Human-Computer Interaction and acces-
sibility, and have previously researched the potential of technology
to facilitate engaging and enriching physical activity. The first au-
thor has grown up with cycling, and used the bicycle for sport,
transportation, and travelling. Additionally, they are interested in
watching cycling live (on television). Despite a walking disability,
they have not tried tricycles, but instead, switched to an e-bike,
which they currently use for leisure. The second author has like-
wise grown up with cycling, and has previously used it as a regular
means of transportation, but rarely cycles for leisure.

4 Thematic Synthesis

We present our results and map them onto our two research ques-
tions, RQ1: How do people who have a mobility disability engage
with cycling, and how can we characterise their cycling experiences?
and RQ2: What role does technology play in this context, and (how)
could it contribute to accessible and enriching cycling experiences?
Specifically, we crafted three main themes describing accessible cy-
cling: Disabled people’s approaches to cycling are heterogeneous and
Accessible cycling fuels wellbeing and social relationships (both RQ1),
as well as Technology used for cycling offers many improvements
for accessibility but is carefully curated and not broadly employed
(RQ2). For each theme, we present sub-themes that further illustrate
the corresponding participants’ perspectives (see Figure 1 for an
overview).

4.1 Disabled People’s Approaches to Cycling are
Heterogeneous (RQ1)

Participants reported diverse lived experience of cycling in rela-
tion to their disabilities and personal biography. Two themes were
central to this individuality: The highly individual accessible cycle
that needs to be found through a complex process, and making
individual adaptations to the cycle as well as the cycling activity.

4.1.1  An accessible cycle is highly individual and complicated to
find. Participants in our study reported diverse experiences finding
accessible cycles. Key factors that shaped this process include the
type of disability, the progression of symptoms, and both the avail-
ability of information and cycles. As a result, acquiring a suitable
cycle is a complex, long, and often still ongoing process.

Like participants’ diverse (dis)abilities (see Table 1), the cycles
they use vary greatly as well, ranging from low-entry standard
bicycles to larger electrified recumbent tricycles. While some par-
ticipants use their feet to power the cycle, others only pedal with
their hands. Here, P3 demonstrated that this may also be a choice
that depends on the purpose of the activity, “[For the handbike]
rather the sport and for the other one, mobility, or that I am faster
than on foot” (P3), choosing the propulsion according to whether
they want to exercise or be mobile within the city. Likewise, P7
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Disabled people’s approaches to cycling are heterogeneous @

An accessible cycle is highly individual and complicated to find @

Disabled cyclists’ backgrounds and the availability of information and
cycles shape a complex process to acquire an individually suitable cycle.

Accessible cycling fuels wellbeing and social relationships @

Cycling facilitates self-determination and
sources of wellbeing @

On top of various psychological benefits, a
large gain in mobility is empowering and provides
additional independence.

Cycling opens up connections with others but
comes with (inter)dependencies @

The mobility gain also enables more partici-
pation in group cycling and social life, but also new
situations where help is needed can emerge.

Adaptation of cycle and cycling behaviour is key to managing barriers @

Disabled cyclists further customise their cycle and cycling behaviour to
address their individual requirements and barriers.

Accessible cycling changes the perception of
disabled people @

Disabled cyclists may not be perceived as such,
which can have advantages, but may also imply an
obligation to articulate abilities in certain situations.

Technology used for cycling offers many improvements for accessibility but is carefully curated and not broadly employed @

Leveraging digital planning and navigation tools to cater for individual accessibility needs @

Before and during the activity, map-based planning tools and route navigation can help addressing individual barriers based on abilities, equipment, or

location.

Observing and reacting to abilities with tracking tools @

Tracking tools allow for assessing and predicting abilities better to find suitable adjustments to cycling, making it more manageable and accessible.

Technology already facilitates access, but needs to be dependable @

Especially e-bikes account for the increased accessibility of cycling, but technology also requires dependability to avoid new dependencies and really

make it accessible.

Cycling is viewed as an opportunity to get away from technology, which should not detract from the enriching experience thereof @

The purity of the cycling experience is valued greatly, and disabled cyclists are cautious when technology foregrounds it.

o = Theme

@ = Sub-Theme

RQ1: How do people who have a mobility disability engage with cycling, and how can we characterise their cycling experiences?

RQ2: What role does technology play in this context, and (how) could it contribute to accessible and enriching cycling experiences?

Figure 1: Compressed representation of all themes and corresponding sub-themes that illustrate the participants’ perspectives.

owns a bike that allows him to “provide an additional minimal
input with the legs” (P7) to their hand-propelled cycle, showing
that the choice of using hands and/or legs may also happen during
the activity.

Additional choices that participants made are selecting the num-
ber of wheels (bi- or tricycle) for reasons of balance and stability as
well as the integration of a motor. But other accessibility require-
ments can also influence these choices. For instance, to be able to
switch modes of transportation on their cycling journey, P14 who
has a walking disability uses the transportation box of her cargo
trike to “always carry the walking stick” (P14).

Often, these decisions were affected by a participant’s current
abilities, while taking the (expected) progression of their disability
into account. For example, the planned transition to a tricycle and/or

a motorised cycle was mentioned by many participants, e.g., “[...]
but in the back of my head there is the tricycle, which, due to
reasons of balance, will be coming surely, sooner or later” (P1), and
“[...] that I will need to transition to e-mobility a bit, is foreseeable”
(P8).

However, several aspects, such as the limited information avail-
able and the missing opportunities to test or rent more accessible
cycles, can thwart the process of identifying accessible cycles and/or
adapting them. For example, one participant was surprised and be-
came emotional when hearing about the possibilities, “And my
husband and I said "'How is this possible?’ [...] And at this point
[...] it has some kind of self-efficacy that one thinks 'Oh, there is
still something possible’. It also has an emotional meaning, because
in your whole life [...] everything was gone” (P6), demonstrating



the need to better address these aspects to benefit more people.
Ultimately, the high cost of accessible technology paired with little
to no financial support further complicates this process, e.g., “I
would wish for external support from the state [...] You know what
1 did? I simply took a loan [...] with high interest rates which I am
now paying off” (P2).

Consequently, the current processes of finding and acquiring an
accessible bike is long and complex. Given the participants’ diverse
circumstances, this process is highly individual, and can carry an
emotional component for some.

4.1.2  Adaptation of cycle and cycling behaviour is key to managing
barriers. In addition to the complexity of finding an accessible cycle
(see Section 4.1.1), participants reported that specific requirements
and barriers afford further individual adaptations. While some of
these adaptations concern the bike itself, others affect the cycling
behaviour.

Due to the diversity of disabilities represented in the sample,
participants’ solutions to make cycling easier accessible varied
accordingly. For instance, some disabilities do not equally affect
both sides of the body and require adaptations allowing people to
rely on one side of their body, e.g., P6 who has a left-side paralysis
disability has all controls, including brakes, bell, and gear shift, on
the right side of the handlebar, “The left [hand] is tied to my body
and I now do everything with the right side” (P6). Likewise, P12
who has limited mobility in their hip needs to step up onto the bike
from the right side by putting their foot on the frame and added a
protective film “to not scratch the frame” (P12).

In addition to adapting the cycle, it was equally important for
participants to adapt their cycling behaviour in response to barriers
they regularly face. To avoid inaccessible infrastructure, partici-
pants increasingly plan their activity ahead “as much as possible
[...] to be safe” (P1). This may include, “if possible, riding when it is
bright outside” (P8), avoiding “stop [and go situations]” (P12) at in-
tersections or “narrow spaces and [...] entanglements” (P5), as well
as triggers of “stress-induced dizziness” (P1) in situations where
keeping balance is difficult. Consequently, disabled cyclists strongly
engage in planning (with digital tools) (also see Section 4.3.1). Such
adaptations may also be applied by the entire cycling community,
but appear to be more pronounced in the disabled cycling commu-
nity.

Finally, various social settings influenced participants’ cycling
experience (see Section 4.2.2). Consequently, they mentioned to
cycle “more defensively” (P2, P11) in the presence of other traffic
participants, e.g., to avoid arguments that would, given their condi-
tion, “lead to trouble breathing” (P11), demonstrating that in some
cases, disability had implications beyond immediate interactions
with the cycle and also expanded to interactions with others in
traffic.

4.2 Accessible Cycling Fuels Wellbeing and
Social Relationships (RQ1)

Participants primarily reported cycling for leisure, sometimes with
athletic ambitions, but also leveraged cycling as a more accessible
means of transportation. In these contexts, our results show that
accessible cycling facilitates sources wellbeing and contributes to
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self-determination as it provides an accessible means of transporta-
tion, and that it affects social relationships and inclusion. Likewise,
accessible cycles change how disabled people are perceived as the
association with traditional mobility aids is lacking.

4.2.1 Cycling facilitates self-determination and sources of wellbeing.
Cycling provides the participants tools and opportunities to live an
improved live. This manifests through the large gain in mobility
and opportunities to exercise as well as the independence that
accessible cycles offer in comparison to more traditional mobility
aids. Participants also reported diverse psychological benefits that
can ultimately lead to a more active, healthy, and virtuous life.

Compared to other mobility devices, cycles were praised for their
potential to enable their user a larger reach in mobility, while be-
ing faster (P8, P10) and less exhausting (P8, P13) than wheelchairs,
as well as less difficult than walking (P9, P11). The majority of
participants consequently associated cycling with freedom and
independence. For example, before having this freedom, P10 re-
ported “being way more restricted by the inaccessible environment”
(P10). Likewise, P12 described cycling as a “self-determined mode
of transportation” (P12) that would allow them to independently
get groceries without “relying on the punctuality of the bus [...][or
someone] who pushes [them] there with [their] wheelchair” (P12).
This mobility also translates into opportunities for exercise, e.g.,
being able to “do sport, when there are not so many options” (P12),
but also being able “to preserve mobility and strength” (P3) that
can be affected by the underlying medical conditions.

Furthermore, cycling can elicit joy, for example, when “enjoying
nature” (P1). Participants also indicated that they enjoy and value
discomfort during cycling, e.g., “Sometimes, one sits on the cycle
and is annoyed because one gets all wet or something, but I am ac-
tually never unhappy when riding the bike” (P14) or “The rain does
not bother me, the snow does not” (P8). Likewise, some participants
leveraged cycling to fuel their curiosity to self-dependently explore
new environments, e.g., by “filling blank spots [on the heatmap]”
(P10). Through cycling in nature and fading-out athletic ambitions,
they were also able to elicit reverie, e.g., “jump on it and start day-
dreaming” (P1) and see “meadows instead of screens” (P1). Finally,
cycling can also provide relief, e.g., due to the absence of stress (P15),
pain (P12), and over-stimulation (P11). Because of these sources of
wellbeing, participants described cycling as “game changer” (P2)
that would offer “a different quality of life” (P4), and even men-
tioned the “emotional significance [of getting] the cycling activity
back in [their] life” (P6). Thus, from a philosophical perspective,
accessible cycling enables participants to life a more fulfilling and
virtuous life (cf. [38]).

4.2.2  Cycling opens up connections with others but comes with (in-
ter)dependencies. Our results show that accessible cycling provided
participants with many opportunities for participation. At the same
time, new social (inter)dependencies and tensions emerged.

The large increase in mobility (see Section 4.2.1) has positive
effects on the participation of disabled people in social life, e.g., as
P7 framed it, “And now [ am actually part of society again” (P7).
Participants primarily valued the newly acquired ability to cycle
with friends and family. For instance, P2 enjoyed family trips that
were possible with his e-bike, “There are trips, which are decided
upon by the whole family and I can participate in that and it is great”
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(P2). Likewise, P12 emphasised the flexibility when participating in
group activities with friends, “We do not have to think about, well,
do we take the bus together or does someone take the car [...] How
can I get back if they do not drive past my place? I can rather join
them with the bike” (P12). Despite these cycling opportunities with
non-disabled people, like-minded, disabled cycling communities
were something that participants missed, “But I do not find anyone.
There are either people who say I would like to cycle, but the cycle
itself is too expensive’ or they say 'I am not confident to do that
any more’ or I am too old’” (P6), highlighting the potential for
initiatives that link disabled cyclists with each other.

However, the implications of accessible cycling for participants’
relationships also came with strings attached, with many of them
observing new (inter)dependencies. For example, cycling compan-
ions provided assistance during the ride for some participants, for
instance, to provide “help for turning so that [the] cycle is lifted into
a certain direction” (P10), which adds another layer of coordination
if cycling needs to be done together with company. Participants
also pointed out that outsiders can also play an important role dur-
ing the cycling activity, providing help to get out of inaccessible
situations, such as “if there are inclinations [due to roots under the
cycling path][...] and I am too fast there or do not pay attention,
then I fall” (P7).

4.2.3  Accessible cycling changes the perception of disabled people.
Accessible cycles share characteristics of cycles and mobility de-
vices, i.e., their purpose extends beyond the one of standard bicycles.
But at the same time, this purpose is not necessarily revealed, and
challenges how disabled people approach this ambiguity.

On the one side, these characteristics were well appreciated (see
Section 4.2), and offered people an opportunity to shift away the
focus on disability if needed, for example, as P10 phrased it, “I am
not perceived as disabled any more, but as a cyclist” (P10). But at the
same time, as they do not necessarily reveal their users’ disabilities
as much as traditional mobility devices, such as wheelchairs, their
users are not necessarily perceived as disabled.

Consequently, it is often expected that they follow the rules
and norms of non-disabled cycling. For instance, P13 demonstrated
the conlflict as a user of a handbike conversion for wheelchairs
who needs to choose the most accessible path, “I can say 'l am a
wheelchair user and use pavements’ as well as 'T am a cyclist and
use cycling paths™ (P13). It can, however, also cause resentment, “I
do not want to always explain that I cannot dismount and that I usu-
ally sit in a wheelchair. Now I am just quiet, because I think "What
is the benefit of discussing this?’” (P7), questioning the perceived
obligation to communicate one’s disability. Additionally, when shar-
ing space with cars, visibility becomes a primarily technical issue,
“Because my recumbent cycle is lower [...] I disappear between
parked cars. That, I have to factor in [...]” (P9), demonstrating that
safety is also a critical issue in this context.

Some disabled cyclists ultimately avoid using regular accessible
cycles if possible. For instance, P14 prefers to use her standard cargo
trike instead of an accessible cycle as she explained, “If one can
be identified as disabled and cycles [...] the chances that someone
says some shit [...] are 100%” (P14).

Overall, these experiences reflect how accessible cycling still
appears special, and that it is not yet part of the general cycling
community.

4.3 Technology Used for Cycling Offers Many
Improvements for Accessibility But Is
Carefully Curated and not Broadly
Employed (RQ2)

Our results highlight three distinct ways in which different tech-
nology was integrated into participants’ cycling activities: First,
participants chose cycles with electrified propulsion as it offers
more mobility, freedom, and participation (also see Section 4.2).
Second, tools for planning and navigation help avoiding barriers
and carrying out accessible cycling trips. Third, tracking distance,
speed, or heart rate enables them to observe personal health ca-
pacities and adjust future activities accordingly. We first provide
detail and limitations on these ways, and then conclude how cy-
cling experiences were given priority over technology when it was
possible.

4.3.1 Leveraging digital planning and navigation tools to cater for
individual accessibility needs. Digital technology offers various soft-
ware to plan and conduct accessible trips. Map-based planning tools,
such as Komoot, OpenStreetMap or Google Maps can be used to cus-
tomise routes based on individual accessibility criteria. Depending
on the power of the motor or, in absence of one, the power of legs
and arms, planning around thresholds for inclines and distance can
be critical for accessible activities, primarily in rural areas. While
this criterion remains important for non-disabled cyclists as well,
disabled cyclists stressed that failing to overcome these barriers
can have more severe consequences, ‘I fell there. And then I am
just laying there like a ladybug [on the back]. I have to wait until
someone picks me up or until someone happens to pass by and
helps me getting up” (P7).

When moving inside the city, cycling infrastructure details be-
come more important. As such, traffic volume and the design of
cycling lanes were most relevant when preparing for or navigating
shorter trips. For instance, P5 explained that she regularly used
Komoot and stated “So they would not provide a notification like
’Caution! This is a bidirectional cycling path and here and there are
narrow spaces’” (P5), showing how she envisions to enhance Ko-
moot’s navigation feature for moving around the city more easily.

Many handbike users also mentioned the lateral inclination as
key feature that determines the accessibility of a path as there is
a “risk of tipping over if the path is inclined” (P13), but such data
can usually not be inferred from these planning tools. Together
with the unavailability of information on narrow spaces, this opens
up opportunities to extend current application to cater for more
accessibility needs.

Finally, participants underlined that accessibility information
about points of interest along the routes are missing as well. For
instance, P1 suggested “points of interest that one can configure”
(P6), and mentioned (accessible) accommodations, grocery stores,
and medical supply along the route.

In contrast, navigation once a trip had commenced was less used
or requested in comparison to (digital) information for preparation.



Nevertheless, two participants mentioned additional disabilities
that they used visual or auditory way-finding instructions for. P2
explained that a simple guidance on his bike display would help him
reduce visual complexity and improve orientation amid his impaired
vision, “That offers additional security that I do not need to look
around as much, but that the display actually shows me the way
[...]” (P2). Likewise, P5 mentioned her difficulty to process visual
information due to her disability, and therefore, used headphones
with instructions, “I am really happy to have that, because my
brain cannot manage this any more. So I just need it. I need the
navigation” (P5).

This demonstrates that state-of-the-art digital planning tools
bear potential to inform about the accessibility of cycling routes,
but require more efforts to consolidate and distribute this knowl-
edge. However, it also reflects the current state of accessibility in
cycling infrastructure which is yet not hostile to disabled cyclists,
and requires significant re-design as well. Likewise, there are op-
portunities to employ navigation tools to lower cognitive efforts
during the ride, although current implementations do not focus on
this use case.

4.3.2 Observing and reacting to abilities with tracking tools. Tools
for tracking cycling activities that were initially designed for ath-
letic ambitions are repurposed by the people in our sample to assist
them during and after activities to better adapt to their abilities.

Through reviewing activity statistics, disabled people can better
assess their current abilities, and avoid situations where they get
stuck due to fading power. For instance, P1 explained, “But the
computer tells me then [...] how is my reach, is it a constant reach
or does it progressively get larger or smaller; in order to be aware
of it and know "Well, the disability currently really stands in my
way’” (P1).

Participants also mentioned metrics such as heart rate and ca-
dence that provide valuable feedback on their condition during the
activity. This can be especially relevant when disabilities are less
predictable and vary depending on the day. Here, P15 explained
how she utilises a smartwatch, “to look at the route and the corre-
sponding heart rate, respectively” (P15) to understand “if symptoms
get worse” (P10). Further P10 observed the cadence to see if she
could “pedal faster” (P10), and adjusts it according to the abilities
and planned route.

Consequently, when using sensing and tracking technology, dis-
abled cyclists can observe the current fitness and health status
during and after the activity. This provides added value as it eases
on-the-go adaptations, and prevents situation where help may be
required.

4.3.3  Technology already facilitates access, but needs to be depend-
able. For the majority of participants, existing technology played an
integral role for achieving access to cycling; however, this predom-
inantly concerned the electrified bike used by many participants
(see Table 1) rather than other, digital technologies.

For instance, P11 emphasised, “I found out that I can do larger
cycling trips again” (P11), and P1 explained “that with an e-bike, you
can keep up with the others again” (P1). This highlights that cycling
technology directly enables faster and longer cycling activities, and
by extension also contributes to social inclusion in group rides.
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Some participants also envisioned how novel technology could
further enhance accessibility of cycling. For instance, smart re-
tractable training wheels (P1, P13) and (semi-)autonomous cycling
(P1, P2, P15) were suggested in response to balance issues and fa-
tigue. Participants also highlighted how solutions already present
in cars could be applied to increase the accessibility of cycling,
e.g., adding a wheelchair lift to tricycles in order “to independently
transfer from the wheelchair [to the tricycle] and fold and store
[the wheelchair in the tricycle]” (P5).

While technology offers various tools to improve accessibility
(also see sections above), lacking dependability and the correspond-
ing dependencies lead disabled cyclists to scrutinise its applications:
“The problem is that every technology brings some kind of error-
proneness, and for this, the bike is too important” (P14). This call for
dependability was also echoed by P7, “[Dependability] is immensely
important for me, because I simply cannot ride this route, because
I just cannot put the cycle under the arm and walk away” (P7),
illustrating how failure can affect disabled people disproportionally.
Here, P14 elaborated how failure reinforces dependencies for main-
tenance and repair, “So my husband is very important, because he
looks at everything technical, because I would not be able to care
for some things myself” (P14), an issue that has previously been
discussed in the context of assistive technology in low-resource
settings [40].

But also in the absence of errors, technology introduces new
dependencies. For instance, as a response to the progression of her
disability and the decreasing strength in her legs, P5 is required
to frequently visit a specialist cycling shop, “They certainly said
"Yes, we can change the torque control so that it gets easier for
you’. And I notice that again and again. I have to come again and
again and say "You have to do it again’ (P5). Likewise, access to
infrastructure to support technology also played an important role,
with one participant outlining that an “opportunity where one can
charge the cycle” (P10) is more relevant for cyclists who may not
be able to ride their cycle without motorised support.

Thus, disabled people face a trade-off: Using a technology for
more cycling abilities and risking failure or discarding a technology
and keep certain limited abilities. Consequently, designing depend-
able technology can strongly effect the empowerment of disabled
people.

4.3.4 Cycling is viewed as an opportunity to get away from technol-
ogy, which should not detract from the enriching experience thereof.
Participants in our study strongly appreciated the purity of the
cycling experience, and viewed it as a means of getting away from
technology, focusing on “meadows instead of screens” (P1), and
commenting that “I was always on the phone [...] If it gets boring
now and then, taking out the phone, is not possible. That is good”
(P12). As a consequence, they preferred a simplification of the used
technology. For example, P12 mentioned that “[they] intentionally
chose [an e-bike] that has no smartphone app” (P12) in an effort to
avoid technology while cycling.

Participants made similar remarks when considering the po-
tential of digital technology to track their cycling experience. For
instance, regarding the measurement of performance and health
parameters, P13 pointed out that “For me, the outdoor exercise and
to get to places is paramount and the pleasure when exercising,



Cycling, Mobility Disability, and Technology

not some measuring profiles” (P13). Likewise, P2 explained why he
uses a simple colourless display for navigation instead of Google
Maps on the smartphone, pointing out that “I think, on the bike, I
want to process as little information as possible in my brain [...]
this rudimentary simple information 'Ride straight on along the
dash’ is just really comfortable” (P2). Thus, while technology and
its opportunities were acknowledged, unobtrusive integration was
highly relevant in an effort to protect their cycling experience.

Analogically, indoor cycling was generally not preferred, e.g., “So
I rather like to ride outside when the weather is bad than ride in this
boring room, where I put myself in the cellar and pedal against the
wall” (P13). Instead, participants rather associated indoor cycling
with disability (to be active outside) and found little motivation
except for health care, e.g., “So I had more health issues for some
time, and then I used it more, because there it was pretty good. And
now, I prefer to cycle outside” (P14).

Overall, this highlights that technology fuels accessibility but
is moved into the background when possible, foregrounding the
experience of outdoor cycling.

5 Discussion

Cycling for people who have a mobility disability presents diverse
challenges and opportunities, emerging from a heterogeneous tar-
get group (cf. [26]) that has unique requirements for cycles, for
example, ranging from non-motorised two-wheeled cycles with
in-step adaptions to recumbent handcycles with strong motors (see
Section 4.1).

Our results demonstrate that technology already greatly influ-
ences accessible cycling. E-bikes serve as critical facilitator of mo-
bility. They offer its users more reach, speed, and less exhaustion in
comparison to non-motorised cycles and traditional mobility aids
(see Section 4.3.3). Planning and navigation tools can be repurposed
to address accessibility as they already partially provide valuable in-
formation on accessible routes (see Section 4.3.1). Additional tools,
including route tracking and heart sensing applications, that help
disabled users assess their current cycling abilities and plan ac-
cordingly complement the usage of technology (see Section 4.3.2).
Our results partially align with Khurana et al. [28]’s findings on
adaptive sports: The complex (maintenance of) equipment and the
availability of data also appear to be key to accessible cycling. How-
ever, reflecting the limited athletic ambitions in our sample, (video)
analysis and sports performance tracking were not central.

Further, while technology can contribute to making cycling more
accessible, there are currently important limitations to its usage,
such as lacking dependability of hardware and missing accessibility
data and features of software. Consequently, technology fails to
fully empower disabled cyclists, and interferes with the original
cycling experience rather than promoting it, leading to a curated
and reserved usage.

Our discussion contributes the following: (1) We relate our work
on accessible cycling and technology to the broader efforts in the
CyclingHCI community by appraising Matviienko et al. [33]’s grand
challenges from the perspective of mobility disability, and (2) We
draw on participants’ perspectives to derive design goals and fu-
ture avenues for technology to improve the experience of disabled
cyclists.

5.1 Revisiting the Grand Challenges in
CyclingHCI

In 2024, Matviienko et al. [33] proposed ten grand challenges in
CyclingHCI on the basis of a literature study, focusing on three
areas: (1) Pushing the technological boundaries for cycling, (2)
Understanding and protecting cyclists, and (3) Spatially situated
cycling interaction. Our work offers the opportunity to review the
challenges from the perspective of disabled cyclists. We find support
for (C1) Reducing cyclist’s reliance on technology, (C9) Facilitating
cyclists’ interactions with other road users, and (C10) Maintaining
cyclists’ connection to surroundings, whereas (C3) Create cycling
technology suitable for intense exertion and (C4) Creating realistic,
safe, and motion sickness-proof bicycle simulators may not be central
to disabled cyclists as only few participants showed interest in
extensive exertion and indoor cycling (see Sections 4.2 and 4.3.4).
Instead, we further propose an additional challenge that highlight
the characteristics of CyclingHCI and accessibility.

For C1, minimising reliance on technological support as much
as possible and relying on one’s own judgements was relevant for
many disabled cyclists in our sample (see Sections 4.1.1 and 5.2.2).
Here, we propose to include the dependence on other people in
case of failure as important consequence related to reliance on tech-
nology (also see Section 5.2.1). This includes ride companions (e.g.,
family, friends, or caregivers as assistance), cycling specialists (e.g.,
technicians for maintenance and repair), but also people initially un-
related to the activity (e.g., bystanders that offer in-situ assistance).
Matviienko et al. also suggest that technology should rather be in
the position of a coach, which, in the context of accessible cycling,
could be especially useful when learning to operate a larger cycle.
Regarding C9, interfaces promoting "prosocial behaviour on the
road" may not only be relevant for car-to-bike communication, but
also for bike-to-bike or bike-to-pedestrian communication, espe-
cially as many participants mentioned cases where the perception
of an accessible cyclist was unclear (see Section 4.2.3). Lastly, C10
calls for "engag[ing] with the act of cycling" as cycling does not
detach from place, time, and community. This is in line with our
results that highlight connecting with nature and the opportuni-
ties for social inclusion (see Section 4.2). Consequently, promoting
this attachment could further strengthen the benefits of accessible
cycling.

These extensions as well as the opportunities of accessible cy-
cling and the various purposes of the corresponding cycles (also
see Section 4.2) suggest that accessibility further extends how re-
searchers need to reflect upon CyclingHCI in the context of ac-
cessibility. Here, we suggest the inclusion of a new challenge: C:
Improving accessibility in and through cycling: CyclingHCI needs
to adopt perspectives within accessibility research as an additional
lens for the research of technology design, development, and usage
in this context to fully reflect the lived experience and requirements
of users of technology for accessible cycling (e.g., [3, 23]). In this
context, a specific focus should lie on the conflation of the cycle and
the mobility aid: Traditional cycling technology does not regard the
cycle as mobility aid, and critical applications may be disregarded
or not be regarded as such.



5.2 Design Goals for Accessible Cycling
Technology

Grounded in the participants’ lived experiences, we propose three
design goals for future technology for accessible cycling, and give
concrete use cases for accessible cycling that illustrates how each
goal might be implemented.

5.2.1 Technology for accessible cycling must be reliable to keep users
safe and support their self-determination. If dependable, i.e., if failure
can be minimised, accessible cycling technology can boost mobility
and inclusion, and therefore, personal freedom and independence?
(see Sections 4.2.1, 4.2.2, and 4.3.3). If unreliable, disabled cyclists are
likely to discard technology that, in case of failure, causes unsafe
situations, limits independence and reinforces dependency on other
people. This can become especially relevant if dependencies are
"injected" [46], i.e., if technology is designed to require additional
time and attention or regular maintenance.

Example implementation of the goal. In the case of e-bikes,
the following measures could improve this ratio, i.e., increase de-
pendability and minimise dependencies: Basic functionality of the
cycle (e.g., starting the motor) should not require interaction with
an app so that secondary sources of failure are eliminated, and
all critical features should be implemented following the principle
of redundancy (e.g., feedback on battery charging status could be
displayed via an app as well as via functionality directly added to
the battery, e.g., a button and lights). This way, technology becomes
an add-on that supports the cycling experience, while cyclists can
enjoy peace of mind that back-up systems are in place. Finally,
reliable technology should not add further financial burden.

Avenues for future research. When optimising for accessibil-
ity, researchers may take into account the concept of consequence-
based accessibility that opposes the duality of (in)ability and instead
proposes that actions have consequences with a different degree of
accessibility [30]. Here, disabled people calculate the consequences
of an action, e.g., riding a cycle with a motor that increases their
mobility and quality of life but which may fail during the ride and
leave them stranded at a remote place. Consequently, before adding
new technology to accessible cycles, researchers need to consult
the target group early to collaboratively do this calculation and
propose changes with a positive action-to-consequence ratio [31].

5.2.2  Technology should empower disabled cyclists by providing the
tools to self-assess barriers and better understand personal abilities.
Technology should empower disabled people to leverage their ex-
pertise of their bodies and abilities [45], reflecting the heterogeneity
of requirements and experiences (see Section 4.1). Software and
wearable technology that is not primarily designed to address ac-
cessibility needs, may be re-purposed for planning and navigating
accessible routes (see Section 4.3.1) as well as ability observation
(see Section 4.3.2). Planning, navigation, and tracking tools bear
potential to extend beyond current use cases, offering more ac-
cessibility features, such as accessible routing that avoids barriers
and incorporates accessible points of interest. However, this also
entails continuous updates to and maintenance of these databases.

?Here, we note that disability-justice perspectives acknowledge self-determined inde-
pendence, and critically questions perspectives that view independence as superior
and more healthy living with disability [49, 50].
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Additionally, observation tools need to reflect the realities of dis-
abled people, overcoming a disconnect between provided metric
and perceived energy levels [27].

Example implementation of the goal. Route planning and
navigation platforms such as Komoot could consolidate and supply
more data on the accessibility of routes. While information like path
surface is already provided, the width, lateral inclination, and illumi-
nation at night are not displayed. Further, barriers (such as bollards
or curbs) and disability-friendly locations (such as accessible cafés
or accessible bike parking) should be included as points of interest,
e.g., by integrating currently available services like wheelmap®.
Recent work in HCI by Hwang et al. [24] has also demonstrated
how vision language models can complement such databases in the
future by analysing streetscapes and finding barriers automatically
to make personalised routing suggestions for cyclists. Additionally,
designers of observation tools can specifically develop metrics that
better reflect the disabled person’s subjective energy level but also
highlight how the support of the electric motor has affected it.

Avenues for future research. CyclingHCI research could fur-
ther expand on personalised accessibility. Here, artificial intelli-
gence (Al) tools, such as large language or vision language mod-
els, can address nuanced accessibility requirements, but may also
compromise empowerment if self-assessment is restricted or de-
pendability is lacking (cf. [15], also see Section 5.2.1). Consequently,
a focus in human-AI interaction may lie on the preservation of
empowerment: Research needs to reflect on methods that provide
valuable and nuanced personal route planning and navigation and
minimise intervention in self-assessment.

5.2.3 Technology needs to preserve the original cycling experience.
Cycling provides various benefits, including connecting with na-
ture, fostering social relationships, and enhancing mobility with
disability in general (see Section 4.2). Therefore, efforts to integrate
technology into accessible cycling should always centre these expe-
riences and benefits. This may entail technology that is unobtrusive
and can be disconnected easily. Particularly, it should not distract
from the activity (i.e., require little interaction and attention), be
trustworthy (i.e., offer carefree usage (also see Section 5.2.1)), and
only be employed upon request (i.e., limited technological interven-
tion should be given priority). Accordingly, this also entails that
wherever possible, technology should not promote indoor cycling
instead of outdoor cycling.

Example implementation of the goal. Instead of developing
new navigation or tracking features that heavily rely on displays
during the activity, designers could rather prioritise application
cases before or after the activity. Here, in addition to accessible
planning tools used before the activity, heatmaps or other forms of
illustrating the completed activity, such as Relive?, may accentuate
the value of newly acquired mobility and further fuel curiosity and
motivation to utilise the cycle. Likewise, systems that detail the
performance on-the-go would distract from the valued experience
in nature by overly focussing on performance aspects, which are
not central to many disabled cyclists.

Avenues for future research. Research could further explore
how the (non-)use of technology and the design of unobtrusive

3https://wheelmap.org (accessed on April 9th, 2026)
“https://www.relive.com (accessed on April 9th, 2026)
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technologies can facilitate the cycling experience for disabled peo-
ple. Here, frameworks, such as Mueller and Young [38]’s 10 Lenses
to Design Sports-HCI, can serve as a basis to narrow down how
the values of cycling interact with disability and to what extent
technology can foster or undermine the cycling experience.

6 Limitations

To better contextualise our findings, we want to highlight limita-
tions that we consider relevant for interpreting this account: Partic-
ipants’ lived and experienced accessible cycling mostly in Germany,
and are accustomed to the country-specific cycling culture and
history. For instance, some cities only slowly adapt to a growing
cycling culture and retain a mostly car-centric infrastructure. In
comparison to North American cities, this is a fast progress, but
results in this study may rather reflect comparisons to Germany’s
neighbouring countries. Likewise, missing accessible infrastructure
and administrative barriers for disabled people in Germany, such
as complicated processes to receive financial support, translate to
further barriers in accessible cycling. While we exploited diverse
channels for recruiting, our sample had a high level of experience
with accessible cycling and had already acquired (expensive) cycles
for themselves. Consequently, the perspectives of those who can-
not afford or could not find a suitable accessible cycle (yet) may be
under-represented. Similarly, despite not excluding this community,
our results do no cover lived experiences of people who cannot
cycle alone, e.g., who use a rickshaw for their wheelchair. Thus,
including these groups, but also other of disabled cyclists, such as
cyclists who are blind or have low vision or cyclist who are neu-
rodivergent, could further expand the discussion on technology in
the context of accessible cycling. Finally, in line with the subjective
nature of this method [6], this account may reflect our own lived
experiences with (accessible) cycling (also see Section 3.4).

7 Conclusion

There are many challenges but also facilitators of accessibility, in-
clusion, and wellbeing in cycling for people who have a mobility
disability. Our work highlighted the individuality of disability re-
flected through the heterogenous approaches to accessible cycling
as well as how cycling can fuel wellbeing and social relationships.
Technology plays an important role in accessible cycling through
the electrification of cycles, but also through planning, navigation,
and tracking tools. While this can positively affect accessibility,
our results underline the curated use. Disabled cyclists request
dependable technology that also does not conceal the purity of
cycling experiences. These perspectives prepare the ground for
the prospective use of technology in accessible cycling, centring
reliability, self-management of barriers, and the original cycling
experiences as critical goals.

Acknowledgments

This research was funded by the Federal Ministry of Education and
Research (BMBF) and the Baden-Wiirttemberg Ministry of Science
as part of the Excellence Strategy of the German Federal and State
Governments.

No generative Al tools were used in the production of this work.

References

[1] Neil Andrews, Isabelle Clement, and Rachel Aldred. 2018. Invisible Cyclists?
Disabled People and Cycle Planning — A Case Study of London. Journal of
Transport & Health 8 (March 2018), 146-156. d0i:10.1016/j.jth.2017.11.145

[2] Alireza Ansariyar, Eazaz Vaziri, and Mansoureh Jeihani. 2021. Systematic Review
of Bike Simulator Studies. Journal of Science and Cycling (2021), 5-29. doi:10.
28985/1322.jsc.01

[3] Cynthia L. Bennett, Erin Brady, and Stacy M. Branham. 2018. Interdependence
as a Frame for Assistive Technology Research and Design. In Proceedings of the
20th International ACM SIGACCESS Conference on Computers and Accessibility
(Galway, Ireland) (ASSETS ’18). Association for Computing Machinery, New York,
NY, USA, 161-173. doi:10.1145/3234695.3236348

[4] Mario Boot, Laura Kahnt, Dees Postma, Mehmet Baran Ulak, Karst Geurs,
and Paul Havinga. 2024. Are We in Flow? Measuring and Supporting Si-
multaneous Flow in Duos of Elderly Cyclists. In 2024 IEEE International Con-
ference on Pervasive Computing and Communications Workshops and Other
Affiliated Events (PerCom Workshops). IEEE, New York, NY, USA, 255-260.
doi:10.1109/PerComWorkshops59983.2024.10503119

[5] Virginia Braun and Victoria Clarke. 2006. Using Thematic Analysis in Psychol-
ogy. Qualitative Research in Psychology 3, 2 (Jan. 2006), 77-101. doi:10.1191/
1478088706qp0630a

[6] Virginia Braun and Victoria Clarke. 2019. Reflecting on Reflexive Thematic
Analysis. Qualitative Research in Sport, Exercise and Health 11, 4 (Aug. 2019),
589-597. doi:10.1080/2159676X.2019.1628806

[7] William Clayton and John Parkin. 2016. Cycling and Disability: A Review. (2016).

[8] William Clayton, John Parkin, and Chris Billington. 2017. Cycling and Disability:
A Call for Further Research. Journal of Transport & Health 6 (Sept. 2017), 452-462.
doi:10.1016/,jth.2017.01.013

[9] Becky Cox and Caroline Bartle. 2020. A Qualitative Study of the Accessibility of

a Typical UK Town Cycle Network to Disabled Cyclists. Journal of Transport &

Health 19 (Dec. 2020), 100954. doi:10.1016/j.jth.2020.100954

Henrik Detjen, Stefan Schneegass, Stefan Geisler, Andrew Kun, and Vidya Sun-

dar. 2022. An Emergent Design Framework for Accessible and Inclusive Future

Mobility. In Proceedings of the 14th International Conference on Automotive User

Interfaces and Interactive Vehicular Applications (Seoul, Republic of Korea) (Auto-

motiveUI °22). Association for Computing Machinery, New York, NY, USA, 1-12.

doi:10.1145/3543174.3546087

[11] Don Samitha Elvitigala, Armagan Karahanoglu, Andrii Matviienko, Laia

Turmo Vidal, Dees Postma, Michael D Jones, Maria F. Montoya, Daniel Harrison,

Lars Elbak, Florian Daiber, Lisa Anneke Burr, Rakesh Patibanda, Paolo Buono,

Perttu Hamaéldinen, Robby Van Delden, Regina Bernhaupt, Xipei Ren, Vincent

Van Rheden, Fabio Zambetta, Elise Van Den Hoven, Carine Lallemand, Dennis

Reidsma, and Florian ‘Floyd’ Mueller. 2024. Grand Challenges in SportsHCI. In

Proceedings of the CHI Conference on Human Factors in Computing Systems (Chi

"24). Association for Computing Machinery, New York, NY, USA, Article 312.

doi:10.1145/3613904.3642050

Federica Ferrari, Nicole Sanna, Paolo Brambilla, Francesca Dell’Eva, Simona

Ferrante, Marco Tarabini, Alessandra Pedrocchi, and Emilia Ambrosini. 2022.

Training with a Mobile FES-Cycling System: A Case Study with a Spinal Cord

Injured Pilot to Investigate Performances Optimization. In Computers Helping

People with Special Needs: 18th International Conference, ICCHP-AAATE 2022,

Lecco, Italy, July 11-15, 2022, Proceedings, Part II. Springer-Verlag, Berlin, Heidel-

berg, 437-444. doi:10.1007/978-3-031-08645-8_51

Jonathan Duckworth Florian ‘Floyd” Mueller, Juerg von Kaenel and Josh Andres.

2023. Taking Inspiration from Becoming “One with a Bike” to Design Human-

Computer Integration. Human—Computer Interaction 0, 0 (2023), 1-26. doi:10.

1080/07370024.2023.2269148

[14] Bo Fu, Jimmy Chao, Melissa Bittner, Wenlu Zhang, and Mehrdad Aliasgari.

2020. Improving Fitness Levels of Individuals with Autism Spectrum Disorder:
A Preliminary Evaluation of Real-Time Interactive Heart Rate Visualization to
Motivate Engagement in Physical Activity. In Computers Helping People with
Special Needs: 17th International Conference, ICCHP 2020, Lecco, Italy, September
9-11, 2020, Proceedings, Part II. Springer-Verlag, Berlin, Heidelberg, 81-89. doi:10.
1007/978-3-030-58805-2_10

[15] Kate S Glazko, Mina Huh, Jazette Johnson, Amy Pavel, and Jennifer Mankoff. 2025.

Generative Al and Accessibility Workshop: Surfacing Opportunities and Risks.
In Proceedings of the Extended Abstracts of the CHI Conference on Human Factors
in Computing Systems (CHI EA °25). Association for Computing Machinery, New
York, NY, USA, Article 783, 6 pages. doi:10.1145/3706599.3706734

[16] Anna Goodman and Rachel Aldred. 2018. Inequalities in Utility and Leisure

Cycling in England, and Variation by Local Cycling Prevalence. Transportation

Research Part F: Traffic Psychology and Behaviour 56 (July 2018), 381-391. doi:10.

1016/j.trf.2018.05.001

Susan Handy, Bert van Wee, and Maarten Kroesen. 2014. Promoting Cycling for

Transport: Research Needs and Challenges. Transport Reviews 34, 1 (2014), 4-24.

arXiv:https://doi.org/10.1080/01441647.2013.860204 doi:10.1080/01441647.2013.

860204

[10

[12

[13

(17


https://doi.org/10.1016/j.jth.2017.11.145
https://doi.org/10.28985/1322.jsc.01
https://doi.org/10.28985/1322.jsc.01
https://doi.org/10.1145/3234695.3236348
https://doi.org/10.1109/PerComWorkshops59983.2024.10503119
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.1080/2159676X.2019.1628806
https://doi.org/10.1016/j.jth.2017.01.013
https://doi.org/10.1016/j.jth.2020.100954
https://doi.org/10.1145/3543174.3546087
https://doi.org/10.1145/3613904.3642050
https://doi.org/10.1007/978-3-031-08645-8_51
https://doi.org/10.1080/07370024.2023.2269148
https://doi.org/10.1080/07370024.2023.2269148
https://doi.org/10.1007/978-3-030-58805-2_10
https://doi.org/10.1007/978-3-030-58805-2_10
https://doi.org/10.1145/3706599.3706734
https://doi.org/10.1016/j.trf.2018.05.001
https://doi.org/10.1016/j.trf.2018.05.001
https://arxiv.org/abs/https://doi.org/10.1080/01441647.2013.860204
https://doi.org/10.1080/01441647.2013.860204
https://doi.org/10.1080/01441647.2013.860204

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Daniel Harrison. 2025. Why We Should Care About Inclusivity in SportsHCI. In
Proceedings of the First Annual Conference on Human-Computer Interaction and
Sports (SportsHCI °25). Association for Computing Machinery, New York, NY,
USA, Article 11, 12 pages. doi:10.1145/3749385.3749388

Daniel Harrison, Faye Green, and John Rooksby. 2025. “You can’t be what
you can’t see”: Community-Based Support and Representation in Diverse
Cycling Communities on Instagram. In Proceedings of the First Annual Con-
ference on Human-Computer Interaction and Sports (SportsHCI °25). Associa-
tion for Computing Machinery, New York, NY, USA, Article 12, 15 pages.
doi:10.1145/3749385.3749393

Kevin Hickman. 2016. Disabled Cyclists in England: Imagery in Policy and Design.
Proceedings of the Institution of Civil Engineers - Urban Design and Planning 169,
3 (June 2016), 129-137. doi:10.1680/udap.14.00048

Chaang-Tuan Ho, Tsai-Yuan Liao, Shu-Chin Huang, and Hui-Mei
Chen. 2015. Beyond environmental concerns: using means-end
chains to explore the personal psychological values and motivations
of leisure/recreational cyclists. Journal of Sustainable Tourism 23, 2
(2015), 234-254. arXiv:https://doi.org/10.1080/09669582.2014.943762
doi:10.1080/09669582.2014.943762

Kai Hollander, Mark Colley, Enrico Rukzio, and Andreas Butz. 2021. A Taxonomy
of Vulnerable Road Users for HCI Based On A Systematic Literature Review. In
Proceedings of the 2021 CHI Conference on Human Factors in Computing Systems
(CHI °21). Association for Computing Machinery, New York, NY, USA, 1-13.
doi:10.1145/3411764.3445480

Stacy Hsueh, Danielle Van Dusen, Anat Caspi, and Jennifer Mankoff. 2025. Minor
Resistance: The Everyday Politics and Power Dynamics of Assistive Technology
Adoption. In Proceedings of the 27th International ACM SIGACCESS Conference on
Computers and Accessibility (ASSETS ’25). Association for Computing Machinery,
New York, NY, USA, Article 57, 16 pages. doi:10.1145/3663547.3746465

Jared Hwang, John S. O’Meara, Zeyu Wang, Jasmine Zhang, and Jon E. Froehlich.
2026. BikeButler: A Personalized, Context-sensitive Bike Routing Tool using
Open Data and VLM-based Analyses of Street View Imagery. In Proceedings
of the 2026 CHI Conference on Human Factors in Computing Systems (CHI °26).
Association for Computing Machinery, New York, NY, USA, Article 1069, 21 pages.
doi:10.1145/3772318.3791292

Kay Inckle. 2019. Disabled Cyclists and the Deficit Model of Disability. Disability
Studies Quarterly 39, 4 (Dec. 2019). doi:10.18061/dsq.v39i4.6513

Kay Inckle. 2020. Disability, Cycling and Health: Impacts and (Missed) Opportu-
nities in Public Health. Scandinavian Journal of Disability Research 22, 1 (Dec.
2020), 417-427. doi:10.16993/sjdr.695

Irene Kaklopoulou, Sarah Homewood, and Pedro Sanches. 2026. Design for
Dis/Ability: A Crip Inquiry into Personal Energy Tracking. In Proceedings of
the 2026 CHI Conference on Human Factors in Computing Systems (CHI ’26).
Association for Computing Machinery, New York, NY, USA, Article 260, 19 pages.
doi:10.1145/3772318.3790404

Rushil Khurana, Ashley Wang, and Patrick Carrington. 2021. Beyond Adaptive
Sports: Challenges & Opportunities to Improve Accessibility and Analytics. In
The 23rd International ACM SIGACCESS Conference on Computers and Accessibility.
ACM, Virtual Event USA, 1-11. doi:10.1145/3441852.3471223

Kyuhyun Lee and Ipek Nese Sener. 2023. E-bikes Toward Inclusive Mobility: A
Literature Review of Perceptions, Concerns, and Barriers. Transportation Research
Interdisciplinary Perspectives 22 (2023), 100940. doi:10.1016/j.trip.2023.100940
Kelly Mack, Emma J. McDonnell, Leah Findlater, and Heather D. Evans. 2022.
Chronically Under-Addressed: Considerations for HCI Accessibility Practice
with Chronically Ill People. In Proceedings of the 24th International ACM SIGAC-
CESS Conference on Computers and Accessibility (Athens, Greece) (ASSETS °22).
Association for Computing Machinery, New York, NY, USA, Article 9, 15 pages.
doi:10.1145/3517428.3544803

Kelly Avery Mack, Jesse ] Martinez, Aaleyah Lewis, Jennifer Mankoff, James Foga-
rty, Leah Findlater, Heather D. Evans, Cynthia L Bennett, and Emma ] McDonnell.
2025. Modeling Accessibility: Characterizing What We Mean by “Accessible”. In
Proceedings of the 27th International ACM SIGACCESS Conference on Computers
and Accessibility (ASSETS ’25). Association for Computing Machinery, New York,
NY, USA, Article 77, 20 pages. doi:10.1145/3663547.3746344

Andrii Matviienko, Swamy Ananthanarayan, Raphael Kappes, Wilko Heuten,
and Susanne Boll. 2020. Reminding Child Cyclists about Safety Gestures. In
Proceedings of the 9TH ACM International Symposium on Pervasive Displays
(PerDis 20). Association for Computing Machinery, New York, NY, USA, 1-7.
doi:10.1145/3393712.3394120

Andrii Matviienko, Josh Andres, and Florian ‘Floyd’ Mueller. 2024. Grand Chal-
lenges in CyclingHCL In Proceedings of the 2024 ACM Designing Interactive
Systems Conference (Dis *24). Association for Computing Machinery, New York,
NY, USA, 2577-2590. doi:10.1145/3643834.3661550

Andrii Matviienko, Mario Boot, Andreas Licken, Bastian Pfleging, Markus
Lochtefeld, Tamara von Sawitzky, Gian-Luca Savino, Miriam Sturdee, Josh An-
dres, Kristy Elizabeth Boyer, Stephen Anthony Brewster, and Florian ‘Floyd’
Mueller. 2024. Learning from Cycling: Discovering Lessons Learned from Cy-
clingHCI. In Extended Abstracts of the 2024 CHI Conference on Human Factors in

(35]

[36

[38

[39

[40

[41

[42

[43]

=
&

[45

[46

[47]

(48

[49]

[50

Lukas Strobel and Kathrin Gerling

Computing Systems (Chi Ea °24). Association for Computing Machinery, New
York, NY, USA, Article 480. doi:10.1145/3613905.3636291

Andrii Matviienko, Hajris Hoxha, and Max Miihlhduser. 2023. What Does It
Mean to Cycle in Virtual Reality? Exploring Cycling Fidelity and Control of VR
Bicycle Simulators. In Proceedings of the 2023 CHI Conference on Human Factors
in Computing Systems (Chi °23). Association for Computing Machinery, New
York, NY, USA, Article 879. doi:10.1145/3544548.3581050

Daniel Meyer, Moritz Kérber, Veit Senner, and Masayoshi Tomizuka. 2019. Regu-
lating the Heart Rate of Human-Electric Hybrid Vehicle Riders under Energy
Consumption Constraints Using an Optimal Control Approach. IEEE Transac-
tions on Control Systems Technology 27, 5 (2019), 2125-2138. do0i:10.1109/TCST.
2018.2852743

Nina Mosser, Glen Norcliffe, and Annika Kruse. 2025. The impact of cycling on
the physical and mental health, and quality of life of people with disabilities:
a scoping review. Frontiers in Sports and Active Living Volume 6 - 2024 (2025).
doi:10.3389/fspor.2024.1487117

Florian Mueller and Damon Young. 2018. 10 Lenses to Design Sports-HCI.
Foundations and Trends® in Human-Computer Interaction 12, 3 (2018), 172-237.
doi:10.1561/1100000076

Glen Norcliffe, Ron Buliung, Annika Kruse, and John Radford. 2022. Disability
and cycling technology: A socio-historical analysis. Disability Studies Quarterly
42 (8 2022). Issue 1. doi:10.18061/dsq.v42i1.8276

Ben Oldfrey, Cathy Holloway, Julian Walker, Steven McCormack, Bernadette
Deere, Laurence Kenney, Robert Ssekitoleko, Helen Ackers, and Mark Miodownik.
2024. Repair strategies for assistive technology in low resource settings.
Disability and Rehabilitation: Assistive Technology 19, 5 (2024), 1945-1955.
arXiv:https://doi.org/10.1080/17483107.2023.2236142 doi:10.1080/17483107.2023.
2236142 PMID: 37466362.

Martin Porcheron, Leigh Clark, Stuart Alan Nicholson, and Matt Jones. 2023.
Cyclists’ Use of Technology While on Their Bike. In Proceedings of the 2023 CHI
Conference on Human Factors in Computing Systems. ACM, Hamburg Germany,
1-15. doi:10.1145/3544548.3580971

Glen Norcliffe John Ron Buliung Radford, Annika Kruse. 2022. Cycling Tech-
nologies and Disability. In Routledge Companion to Cycling. Routledge.
Stephanie Sorraghan, Sally Logan, Valerie Watchorn, Dion Williams, Danielle
Hitch, Joanne M. Watson, Kathryn Aedy, Therese Dogra, Pearse Fay, Matthew
Haanappel, Aarti Shukla, Glen Lebeau, James Little, John McKenna, Kerry
Townsend, and Kate L. M. Anderson. 2026. Riding toward inclusion: the journey
of adapted cycling. Frontiers in Sports and Active Living Volume 8 - 2026 (2026).
doi:10.3389/fspor.2026.1770473

Lukas Strobel and Kathrin Gerling. 2025. HCI, Disability and Sport: A Literature
Review. ACM Trans. Comput.-Hum. Interact. 32, 3, Article 26 (June 2025), 41 pages.
doi:10.1145/3716136

Cella M Sum, Rahaf Alharbi, Franchesca Spektor, Cynthia L Bennett, Christina N
Harrington, Katta Spiel, and Rua Mae Williams. 2022. Dreaming Disability
Justice in HCI. In Extended Abstracts of the 2022 CHI Conference on Human Factors
in Computing Systems (New Orleans, LA, USA) (CHI EA °22). Association for
Computing Machinery, New York, NY, USA, Article 114, 5 pages. doi:10.1145/
3491101.3503731

Bert Vandenberghe, Kathrin Gerling, Luc Geurts, and Vero Vanden Abeele. 2022.
Maker Technology and the Promise of Empowerment in a Flemish School for
Disabled Children. In Proceedings of the 2022 CHI Conference on Human Factors in
Computing Systems (New Orleans, LA, USA) (CHI °22). Association for Computing
Machinery, New York, NY, USA, Article 546, 18 pages. doi:10.1145/3491102.
3501853

Tamara von Sawitzky, Chantal Himmels, Andreas Locken, Thomas Grauschopf,
and Andreas Riener. 2023. Investigating Hazard Notifications for Cyclists in
Mixed Reality: A Comparative Analysis with a Test Track Study. In Proceedings
of the 15th International Conference on Automotive User Interfaces and Interactive
Vehicular Applications (AutomotiveUI °23). Association for Computing Machinery,
New York, NY, USA, 202-212. doi:10.1145/3580585.3606282

Wouter Walmink, Danielle Wilde, and Florian ’Floyd’ Mueller. 2014. Displaying
Heart Rate Data on a Bicycle Helmet to Support Social Exertion Experiences.
In Proceedings of the 8th International Conference on Tangible, Embedded and
Embodied Interaction. ACM, Munich Germany, 97-104. doi:10.1145/2540930.
2540970

Rua Mae Williams, Louanne Boyd, and Juan E. Gilbert. 2023. Counterventions:
A Reparative Reflection on Interventionist HCIL In Proceedings of the 2023 CHI
Conference on Human Factors in Computing Systems (Chi "23). Association for
Computing Machinery, New York, NY, USA, Article 653. doi:10.1145/3544548.
3581480

Zeynep Yildiz and Kathrin Gerling. 2026. Rethinking Interdependence in HCI: A
Systematic Literature Review for Understanding its Use in Accessibility Studies.
In Proceedings of the 2026 CHI Conference on Human Factors in Computing Systems
(Chi °26). Association for Computing Machinery, New York, NY, USA. doi:10.
1145/3772318.3790600


https://doi.org/10.1145/3749385.3749388
https://doi.org/10.1145/3749385.3749393
https://doi.org/10.1680/udap.14.00048
https://arxiv.org/abs/https://doi.org/10.1080/09669582.2014.943762
https://doi.org/10.1080/09669582.2014.943762
https://doi.org/10.1145/3411764.3445480
https://doi.org/10.1145/3663547.3746465
https://doi.org/10.1145/3772318.3791292
https://doi.org/10.18061/dsq.v39i4.6513
https://doi.org/10.16993/sjdr.695
https://doi.org/10.1145/3772318.3790404
https://doi.org/10.1145/3441852.3471223
https://doi.org/10.1016/j.trip.2023.100940
https://doi.org/10.1145/3517428.3544803
https://doi.org/10.1145/3663547.3746344
https://doi.org/10.1145/3393712.3394120
https://doi.org/10.1145/3643834.3661550
https://doi.org/10.1145/3613905.3636291
https://doi.org/10.1145/3544548.3581050
https://doi.org/10.1109/TCST.2018.2852743
https://doi.org/10.1109/TCST.2018.2852743
https://doi.org/10.3389/fspor.2024.1487117
https://doi.org/10.1561/1100000076
https://doi.org/10.18061/dsq.v42i1.8276
https://arxiv.org/abs/https://doi.org/10.1080/17483107.2023.2236142
https://doi.org/10.1080/17483107.2023.2236142
https://doi.org/10.1080/17483107.2023.2236142
https://doi.org/10.1145/3544548.3580971
https://doi.org/10.3389/fspor.2026.1770473
https://doi.org/10.1145/3716136
https://doi.org/10.1145/3491101.3503731
https://doi.org/10.1145/3491101.3503731
https://doi.org/10.1145/3491102.3501853
https://doi.org/10.1145/3491102.3501853
https://doi.org/10.1145/3580585.3606282
https://doi.org/10.1145/2540930.2540970
https://doi.org/10.1145/2540930.2540970
https://doi.org/10.1145/3544548.3581480
https://doi.org/10.1145/3544548.3581480
https://doi.org/10.1145/3772318.3790600
https://doi.org/10.1145/3772318.3790600

	Abstract
	1 Introduction
	2 Related Work
	2.1 Accessible Cycling
	2.2 CyclingHCI

	3 Methodology
	3.1 Interview Guide
	3.2 Participants and Procedure
	3.3 Data Analysis
	3.4 Positionality Statement

	4 Thematic Synthesis
	4.1 Disabled People's Approaches to Cycling are Heterogeneous (RQ1)
	4.2 Accessible Cycling Fuels Wellbeing and Social Relationships (RQ1)
	4.3 Technology Used for Cycling Offers Many Improvements for Accessibility But Is Carefully Curated and not Broadly Employed (RQ2)

	5 Discussion
	5.1 Revisiting the Grand Challenges in CyclingHCI
	5.2 Design Goals for Accessible Cycling Technology

	6 Limitations
	7 Conclusion
	Acknowledgments
	References

