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ABSTRACT

Cycling offers significant health and environmental benefits,
but safety remains a critical issue. We need better tools and
design processes to develop on-bicycle notification interfaces,
for example, for hazard warnings, and to overcome design
challenges associated with the cycling context. We present a
physical computing toolkit that supports the rapid exploration
and co-design of on-bicycle interfaces. Physical plug-and-play
interaction modules controlled by an orchestration interface
allow participants to explore different tangible and ambient
interaction approaches on a budget cycling simulator. The
toolkit was assessed by analysing video recordings of two
group design workshops (N=8) and twelve individual design
sessions (N=12). Our results show that the toolkit enabled flex-
ible transitions between ideation and out-of-the-box thinking,
prototyping, and immediate evaluation. We offer insights on
how to design physical computing toolkits that offer low-cost,
‘good enough’ simulation while allowing for free and safe
exploration of on-bicycle notification interfaces.
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INTRODUCTION

Cycling is recognised as one of the most cost-efficient and
sustainable forms of transportation and has been shown to
lead to significant health benefits [17]. An increased uptake of
cycling and a subsequent reduction in car use is expected to
improve the general air quality of cities, reduce the level of
noise pollution and generally lead to less congestion and fewer
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Figure 1. Workshop setup to develop an on-bicycle UI in close coop-
eration with the target group utilizing an Exploratory Prototyping Tool
(right) for rapid hands-on prototyping in a collaborative environment.

serious accidents [14]. Despite these clear benefits, there are
still many significant barriers to the uptake of cycling in many
countries. These include unsafe or badly maintained infras-
tructure, unsuitable terrain [10] and unsafe traffic conditions.
Personal safety plays a critical role, showing that many people
are afraid of taking up cycling, due to a perceived or real risk
of accidents and an increased feeling of vulnerability.

From an design perspective, cycling poses a unique set of
environmental, contextual, technological and methodological
challenges that need to be taken into account to effectively



address the safety issue. Cyclists are vulnerable, susceptible tdo address our research goal we report on the design and eval-
changes in environmental and road conditions, bicycles haveuation of a dedicated physical computing toolkit, the Bicycle

a limited access to sensor information and limitations to dis- Exploratory Prototyping Toolkit (BEPT) which enables rapid
play safety-critical information, as compared to cars. A more prototyping, the exploration of different interaction modalities
comprehensive understanding is needed about how interactiorin the cycling context and supports the collaborative design of
mechanisms and study methodologies can be applied to theon-bicycle noti cations mechanisms.

context of cycling to improve rider safety. We present the ndings of two studies that explored the use

While we have seen some isolated attempts to equip bicyclesof the toolkit to support participants of design workshops to
with safety technologies [1, 2, 18, 39], there is a need to better build tangible and ambient interaction mechanisms, delivering
understand this problem both from a design and user interacon-bicycle noti cations. We nally discuss the results with the
tion perspective. Our research contributes to mitigating safety intention to offer insights into the design of physical comput-
risks by exploring how to support the design and exploration of ing toolkits speci cally designed for the cycling context.
on-bicycle interaction mechanisms that are speci cally aimed
at issuing time-critical noti cations to warn cyclists.
RELATED WORK

'e review prior work on Internet of Things (loT) sensor and
design toolkits, on-bicycle feedback, interaction in motion and
review the design space provided by bicycle simulators.

Cars are instrumented with increasingly sophisticated sensin

technologies to support autonomous driving and detecting po-
tential hazards. They warn drivers through a range of on-board
interfaces, for which detailed guidelines have been developed
in elds such as Cooperative Intelligent Transport Systems and
Advanced Driving Assistance Systems, based on decades of,

IS oT Sensor and Design Toolkits
human factors research [24]. While signi cantly less advanced, | ;1 sensor kits make physical computing more accessible to

there are attempts to implement sensing approaches for bicyy,sers who do not possess detailed knowledge of electronic
cles to detect adverse road or enV|ror_1mentaI CO”.d'“Of?S .("e'components, circuit design and microcontroller programming.
detecting potholes, tree branches, animals [31]), identifying tpege kits often include plug-and-play electronic components,
risky driving behaviour (i.e. measuring a Gaapproach speed i,y 4ing single board computers or microcontrollers, sensors

and velocity), or sense pedestrians on collision course [26]. 50 actuators. Platforms like the Arduino board [3] have made

What is less well understood is how to design noti cation microcontroller programming more accessible. While not a
interfaces that then relay this safety-critical information to true plug-and-play platform in itself, the Arduino platform is a
cyclists. We speci cally consider the bicycle as an interaction common building block for many plug-and-play 10T toolkits.

platform itself, rather than the design of additional wearable & 0onperg and Fitchett [20] introduced the concept of Phid-
devices, such as glasses or gloves. The physical design spacges (physical widgets) as one of the earliest implementations
for on-bicycleuser interactions, with devices that are attached J¢ o '|oT Design toolkit. The Phidget toolkit combines phys-

or integrated into the bicycle hardware, is limited and presents ical interfaces (sensors & actuators) with software needed

a number of challenges. There are a limited number of per-y, «,niro| the interface in order to support a plug-and-play
ceivable mounting points for interfaces on a bicycle (notably hysical computing platform. More recently, dedicated sensor

handlebar and handles, columns, pedals, frames and seatg)qitorms like the SmartCitizen Kit [15] have allowed citizens
some of which already contain basic bicycle functionality (for to set up participatory sensing projects using a fully-designed

example, gear shifters, light switches, bells, tachometers, etc)o en source sensor platform and a data sharina platform
While cycling has been the focus of Interaction Design re- P P gp '

search before [34, 35, 38], research on how to support theWhile l0T sensor kits support exploring and building phys-
design processes of human-bicycle interfaces more generallyical computing interfaces, they do not actively support the
has been scant to date. Physical computing toolkits are a natueo-design of these interfaces with participants. A recent set of
ral tto allow for the exploration of different interaction and  of loT Design toolkits such as the Physikit [22], Un-Kit [5] and
noti cation modalities in this context. Tiles toolkit [19, 32] more explicitly support the design process

and guide participants to explore different contexts. Physikit

Our main research goal thus is to understand how to SUpport, 55 on the ambient visualisation of environmental data,
and facilitate co-design processes that allow participating Cy'offering a web-based con guration tool and a set of custom

clists to safely explore different on-bicycle noti cation mecha- ambient displays to support different output mechanisms (such
nisms and modalities. We provide participants with a variety of as) movement, air ow, light or vibrations). The toolkit does
on-bicycle interaction tools and modalities with the potential not provide its bwn se,nsor platform but utilises the SmartCi-
to increase awareness of their riding environments and allowy;, o, kit Un-Kit targets older people. The toolkit includes a
them to interact with noti cations about potential hazards or sq of sensors and actuators and a set of cards, explaining the
safety threats. While detecting hazards is enabled by sensing., o jjities of the 10T toolkit. The toolkit highlighted its role
technologies, we speci cally focus on the co-design processes ;i gpiration to envision the use of 0T in everyday practices,
of human-bicycle noti cation interfaces, rather than the techni- rather than supporting an exploration of what was possible us-
cal challgnges of building safety sensors and handling Serlsoring the provided elements. The Tiles toolkit followed a similar
data, which are addressed elsewhere [9, 26, 31]. card-based approach using a set of design briefs and criteria
to evaluate design to facilitate experimentation / re ection.



Note that while some toolkits can be applied to a wide range of tasks (e.g. using a phone) while driving a car, divert the at-
design contexts, the most commonly applied usage scenariogention and reduce driving performance [7, 33]. This work is
found in the literature are domestic settings. The toolkits here particularly relevant in the context of noti cations that can
are inspirational in how they make the design of 10T accessi-draw cyclists' attention away from the road.

ble to a broader audience and foster user-driven rather than,. . .
technology-driven design processes. However, we argue tha'hlcycle_smulators allow bicycle-related research to be con-
! ducted in a controlled and safe environment. Experiments can

the speci ¢ context of cycling requires further consideration : : g

of a range of design dimensions such as safety, limited spacebe planned and execut_ed without €xposing participants to haz-

to mount devices, traf ¢ and road conditions and interaction ards of real world setting. Such simulators are not common,

in motion that have not been widely considered to date. but some examples can be found. Herpers et al. [21] developed

an immersive game platform for physical activities. Their

bicycle simulator provided visual and environmental feed-
back, processed from pre-recorded smartphone data. Kwon et

6aI. [16] considered air drag, angular directions, braking forces

or rolling resistance for a more realistic simulation.

On-Bicycle Noti cation Modalities

On-bicycle feedback modalities that notify cyclists and other
road users have been researched in a variety of contexts [
12, 13, 36, 37]. One project reports on an automated vehicle
detection system [9] using LED strips along the top tube of the Our paper positions itself uniquely at presenting a physical
bicycle frame. Others used wristbands equipped with vibration computing toolkit speci cally designed to explore on-bicycle
motors [23] to indicate right or left turn directions. Walmink et  noti cation and interaction in motion on a budget bicycle
al. [38] designed a heart rate monitor placed on the back of asimulator that can be easily replicated.

bicycle helmet to communicate the rider's current level of exer-

tion between a group of cyclists. The team behind the project BICYCLE EXPLORATORY PROTOTYPING TOOL

"Oh Music, Where Art Thou?' [40] explored audio as a poten- In this section we introduce the design, motivation and tech-
tial source of navigational feedback for cyclists. Our toolkits nical setup of the Bicycle Exploratory Prototyping Toolkit
aims to allow cyclists to explore a selection and combination (BEPT) in conjunction with a budget cycling simulator setup.
of multiple such modalities for on-bicycle warnings.

BEPT Design

The Bicycle Exploratory Prototyping Toolkit (BEPT) is an
'exploratory physical computing toolkit aimed at supporting
the co-design of tangible and ambient bicycle interaction ap-
proaches. The toolkit enables participants of design workshops
to experiment with placing combinations of interactive gad-
gets that support a range of modalities on different parts of

L Y a bicycle (handlebars, brake levers, stem, frame, seat, pedals,
gestures by activating directional LEDs placed on the back of o0 y'yith a particular focus on interactions that are directly

the glove. Hands-free controls can be established using sensorg, ; : ;
> “'Thtegrated into or placed onto the bicycle (on-bicycle).
placed on the helmet [25], such as accelerometers capturing 9 P yele ( ycle)

head movements or gestures, or a microphone recognising & he design context is to create on-bicycle interfaces that are
riders voice to trigger events. Matassa et al. [30] explored suitable to alert cyclists of hazards via noti cations using a
wearable accessories, allow memories to be tracked whilerange of different tangible and ambient interfaces. The toolkit
cycling. Lastly, Claes et al. [11] used interactive oor mats allows for some instrumentation. However, it does not include
and public screens to poll cyclists opinions. actual sensor data that could trigger particular kinds of noti -
cations, instead opting for a simulated set of hazards, that act
bs triggers for noti cations. BEPT uses a low-cost bicycle sim-
ulator setup to allow participants to experience and evaluate
Ytheir designs in a simple simulated environment.

A related set of work explores bicycle-mounted and wearable
noti cation mechanisms that are used to warn other road users
rather than cyclists themselves. For instance, Dancu et al. [13]
used projections on the road to signal the cyslisttention

to take a turn and compared their usability to a signal pot, an
off-the-shelf system with LED indicators. A context aware
signal glove [8] recognises and extends the cyslisand

There are several commercial bicycle-mounted sensors, mos
notably the Garmin Varia Rearview Radar [18] which mea-
sures the approach velocity and distance of cars overtakin
bicycles from behind and the Codaxus LLC C3FT [4] which
measures the proximity of passing vehicles. While techni- The design of BEPT was motivated by three central design
cally mature, these are standalone devices featuring their ownconsiderations. First, it supports a self-directed design process,
(visual) displays that neither integrate with a customised on-allowing users to independently create diverse designs for
bicycle Ul nor allow for decoupling sensing and noti cation.  on-bicycle noti cation systems. Second, it provides a medium-
level of delity with fully functional gadgets that support
usersto exibly change the functional behaviour of the system.
“Third, the toolkit was speci cally designed to be used in the
context of a bicycle simulator to encourage safe exploration.

Simulating Interaction in Motion

To cover a broader spectrum of the interaction process on bicy
cles, it is essential to consider interaction in motion. Most
mobile systems are “stop-to-interact' [29] or “fast interac-
tions' [27], since movement and exercise activities, such as In this regard, BEPT provides a middle ground speci cally
walking, running, cycling and swimming are already intense suited to early prototyping and rapid exploration. While in-the-
experiences. Enhancing them through interaction bears thewild studies, on one hand, would offer greater contextual depth,
risk of drawing the uses attention away from identifying dan- the in-situ exploration of untested gadget prototypes is likely
gerous situations during such activities. Marshall et al. [28] to be neither safe nor allows for a rapid exploration of different
summarized the risks of this type of interaction. Secondary designs. The use of more expensive fully-featured simulators
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