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ABSTRACT 
Following the need to promote physical activity as a part of a 
healthy lifestyle, in this study we focus on encouraging more phys-
ical activity by improving the experience, with running as an ex-
ample of a popular outdoor activity. Running in nature is often 
described as more pleasant and relaxing than running in the city, 
yet in urban environments it is difcult to integrate true nature 
in one’s running route. To bridge this gap we designed Sensation, 
a sonifed running track that provides sensations of nature using 
audio feedback. Sensation senses the footsteps of runners and pro-
duces synced sounds of footsteps in several nature environments to 
augment the urban landscape. This way, Sensation aims to enhance 
the environmental factors that contribute to the positive feelings 
people experience during a run. We report on insights gathered dur-
ing our Research-through-Design process, as well as a preliminary 
user test of this sonifed running track. 
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1 INTRODUCTION 
Physical inactivity and the resulting health concerns are an impor-
tant societal challenge in modern western societies [4, 19, 35]. For 
people, physical activity is infuenced by a combination of indi-
vidual, social and environmental factors, and the design of urban 
environments can therefore be an efective tool to subconsciously 
nudge people into moving [28]. The design of healthy urban envi-
ronments has been prioritized by the European Commission, due 
to estimations of a high increase in urban living [14]. This includes 
the improvement of general health, by increasing public vitality 
[4]. 

Physical activity is perceived as more enjoyable in a natural 
environment [17], yet citizens who live in high density urban envi-
ronments often do not have easy access to this. Public parks thus 
have an important role in facilitating physical activity [3]. They 
include children playgrounds, sport or exercise facilities and run-
ning or walking routes. Many parks are designed to provide social 
interaction, nature and recreation [20], but especially the nature 
element is hard to recreate in a completely man-made environment. 

In order to help motivate citizens to increase physical activity 
on a daily basis, we created Sensation, an interactive running track 
that aims to strengthen the positive efects of running in nature. Al-
though focusing on runners, the design also accommodates walking 
at a slower pace. The design aims to increase the joy and relaxation 
factors of a run, by adapting to the existing workout, and providing 
diferent sounds of nature. Through Sensation, we contribute to 
research on the efects of sonifcation as an interaction modality in 
the context of running. We also focus on how public infrastructure 
and human-environment interactions can nudge citizens into being 
more physically active. We discuss the implications of designing 
for public spaces as compared to smartphone applications. 

2 RELATED WORK 
It is well known that a more active lifestyle contributes signifcantly 
to overall health, but many people still struggle to embed enough 
physical activity into their everyday routine. This makes promoting 
and supporting an active lifestyle a timely and popular research 
topic, with extensive work already done in this area. In our research, 
we focus on running as an example of a popular form of physical 
activity that takes place in the urban environment. 
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A wide variety of technologies has been developed to aid and 
motivate people to keep up the pace and reach activity goals, and 
runners have easy access to a large variety of available mobile appli-
cations, smart-watches, wearable devices or other activity trackers, 
targeting runners with a wide range of goals and experience lev-
els [18]. While apps guide their activities by providing navigation 
through or an augmented layer over the physical environment you 
are in (e.g. Runkeeper [15], Strava [32], Pokémon GO [23] or Zom-
bies, Run! [29]), smartwatches, other wearable trackers and displays 
[8, 21] provide immediate personalized feedback during the run, 
allowing for instant adjustments. Most of these technologies no 
longer solely focus on performance [22] and often include a form 
of gamifcation or a platform to share data or experiences. But 
with their objective performance measurements, training sched-
ules, challenges and (positive) peer pressure, they still push users 
towards a performance-based mindset regarding the user’s running 
routine. 

Even though this is a positive trend that supports increased phys-
ical activity, it does leave another important part of the running 
experience overlooked; the mindful, positive feeling people get 
during and after their run [13]. Applications focusing on this as-
pect tend to target walkers rather than runners, e.g. Ambient Walk 
[7], and varying mindfulness apps ofering walking meditation or 
mindful walks, such as Calm [6], Headspace [16], Stop, Breathe & 
Think [31]. This calm feeling and sense of self is strongest in a 
green or natural environment, where people enjoy running the 
most [12, 17]. 

For many city-dwellers, running in a true natural environment 
is not achievable on a regular basis. They often spend large parts of 
their runs in public parks, the closest approximation of that green 
environment available to them. Even when well-designed visually, 
these parks still lie in dense urban areas, with city noises detracting 
strongly from this experience [36]. This sonic environment can 
be improved through the soundscape approach, adding (human-
preferred) sounds rather than diminishing unwanted sounds [27]. 

Urban environments have the potential to strongly contribute to 
physical activity through their design [28], especially with possibil-
ities of evolving and increasingly integrated technology continu-
ously adding new opportunities [1, 30]. Technology also enables 
new and enhanced ways for tailored design and personalization, 
which are typically more impactful in design for motivation and 
sustained behavioral change than universal designs [24]. 

Loes van Renswouw et al. 

The implementation interactive technology in everyday urban 
environments to support physical activity can be seen in projects 
like the Piano Stairs [34], Musical Swings [9] or NIKE’s Unlimited 
Stadium [2]. 

These installations, however, all have the temporary character of 
a pop-up installation. They invite to be active by drawing attention 
and engagement of passers-by, but only for a limited time. Their 
popularity shows the positive impact such environments can have 
on the physical activity of people, but give no clarity about the long 
term efects. More permanent installations such as The Pearl Divers 
[10], Run! [5], or Slimme Beweegroute [11, 26] are more rare but 
indicate a continued use, even in the long term. 

Through this research we explore the potential of such an inter-
active environment to create a more enjoyable running experience 
by bringing a sensation of nature to an urban park. 

3 SENSATION 

3.1 Design Concept 
Sensation is a physical interactive path that lets urban runners 
experience a more natural environment through audible feedback 
while running. The path detects footsteps on its surface, matching 
them with sounds of footsteps in various nature settings (footsteps 
on leaves, snow, branches or a puddle of water) (Figure 1). 

The volume of the audio feedback depends on the stepping force 
of the runner; a hard step results in a higher volume, and a soft step 
will be harder to hear. Furthermore the program is equipped with a 
randomizer so that a runner will never recognize a pattern in the 
sound feedback they hear. The speakers are located on both sides 
of the path in order to shift the origin and balance of the sound 
towards the left or right foot, depending on where the impact is 
made. 

To personalize the experience, runners can select their preferred 
sound feedback by stepping on one of four buttons at the beginning 
of the track. Each button shows an icon representing the environ-
ment of the related feedback sound. Next to personalization, these 
options also aim to keep the runner curious and invite them to 
return and try a diferent sound. 

By adding these synced natural sounds to the urban sonic en-
vironment, Sensation aims to enhance the feeling of running in 
a natural environment and therefore help runners to experience 
more relaxation and enjoyment during their run. This is especially 

Figure 1: concept sketch and prototype 
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Figure 2: Sensation prototype 

valuable for inhabitants of urban areas who cannot easily include 
genuine nature in their running route. Since this is conceived as an 
important factor of running enjoyment, Sensation increases aware-
ness of the importance and infuence of nature and motivates run-
ners by providing a more enjoyable running experience. Embedded 
in the physical environment, Sensation is accessible to all passers-by, 
and therefore more inclusive than any concept requiring a prior 
investment or conscious action from the user. 

3.2 Prototype 
To test the concept of Sensation, we created a physical prototype 
consisting of sensor pads, placed in pairs under rubber tiles (Figure 
2). Each pair of sensors is placed next to each other to distinguish 
between a left and right foot strike and linked to two corresponding 
speakers on each side of the track. The prototype is battery powered. 
The track is best placed on a path with a hard surface, such as asphalt 
or concrete, and at least about 2.5 meters wide to ensure enough 
space for other passers-by. 

4 DESIGN PROCESS 

4.1 First Explorations 
In this project, we followed a research-through-design approach. 
First, we gained insights into the practice and experience of run-
ning through seven interviews with experienced runners (6 men, 1 
woman, age range age 41 to 57 years old), one of which was done 
while running. When asked about their motivation to go running, 
participants often mentioned relaxation (P1, P4, P5, P6, P7) and 
enjoying their surroundings (P1, P2, P3, P4, P5, P6). The relaxation 
mostly arose from “being able to clear your head” (P1, P3) and being 
in a natural or calm environment (P1, P3, P4). Considering running 
environments, we noted a clear preference for running in nature, 
for which variation in sight and surface were given as most impor-
tant motivation next to relaxation. This environment helps to ‘clear 
the head’ by providing variegated and pleasant visual and audible 
elements, helping runners to “see the little things” (P2, P4). This 
distracted from other thoughts and helped to stay present in the 
‘now’. Other frequent reasons for running were to have a feeling of 
living healthy. 

Two of the authors also adopted a frst-person perspective. By 
going for runs in diferent environments (urban streets and parks, 
forest and open feld), we experienced the running sensations and 

the impact of the environment on the run. We also used previously 
available literature and datasets [25, 33] to research what routes 
are popular in a specifc location and how these difer from the 
unpopular ones, comparing these to our own observations. 

Based on these explorations, we focused on creating a more 
stimulating, engaging or enjoyable running environment in the 
urban area. Since the design goal is to enhance a feeling of relaxation 
and mindfulness, it is also important it provides little distraction 
to the runner. The design should be seamlessly incorporated in 
existing running routes. As interactions based on light would not 
be ideal for routes that are predominantly used during daytime, 
we decided to research the use of sound as an interaction modality 
to bring that peaceful, enjoyable sensation of running in a natural 
environment to the urban area, making it accessible for all runners 
there. 

4.2 Pilot Study 
A pilot test was conducted with three participants (with running 
experiences ranging from moderately to very experienced) to im-
prove the concept of Sensation (Figure 3, 4). The test location was 
a park in an urban area (Genneper Parken, Eindhoven, NL). This 
section of the park has a rather natural look but is still located 
close to residential areas with several main roads nearby. We used 
the Wizard of Oz technique to test a long track without needing a 
large prototype. Participants used headphones to receive the audio 
feedback, based here on manual input. Participants were asked 
to cross the indicated track four times, selecting a diferent type 
of sound feedback each time by stepping on the sound selection 
buttons. After the physical test participants were asked about how 
the audio feedback infuenced their running experience, through a 
short interview and a questionnaire. 

The nature sounds were experienced positive but felt artifcial 
because the sound seemingly came from the sides (through the 
headphones). This feeling of artifce was partly why all participants 
were not fully satisfed with the experience. Related to this, wearing 
earbuds created an intuitive disconnection with the physical sur-
roundings. Locating the source of the audio closer to the stepping 
foot and embedding the technology in the environment will create 
more realistic audio feedback and increase the sense of connection 
to the environment. Other than this, the users liked the option to 
select a preferred sound but did suggest a larger variation of sound 
fragments per category. 
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Figure 3: pilot test setup 

Figure 4: early prototypes 

4.3 Future Work 
Future work will include several user studies to explore and confrm 
the most relevant design aspects; building a longer test track to 
better study the efect of the targeted audio feedback on the running 
experience and explore additions or alterations to the used sounds. 
Testing in an outdoor urban environment also allows to research 
use by non-runners. Next, determining the best track length and 
building a more durable prototype for a long-term test, to see how 
use will develop over time. In addition to qualitative data, we will 
also collect quantitative data during this study by counting people 
on the designated route before and during the test period. Since 
Sensation detects footsteps, it can also count the number of people 
using it. This way we can determine both if Sensation attracts people 
to its location and how many of the passers-by will use it. 

5 DISCUSSION AND CONCLUSION 
We designed Sensation, an interactive path that lets runners in an 
urban environment experience more natural surroundings to in-
crease their mental relaxation and overall run enjoyment. By doing 
this, we can research the efect of using sonifcation through a phys-
ical, environmentally embedded design on the running experience. 
With our design we aim to encourage longer or more frequent runs, 
and so helping people to embed enough physical activity into their 
daily lives. Through this design research process we explored the 
potential of creating a more attractive urban running environment. 
Instead of focusing on goals and performance, we used natural 
sounds as audio feedback to improve the sonic landscape and sup-
port feelings of relaxation and mindfulness during a run. 

With a wide variety of apps and technologies to support physical 
activity and running already on the market [18, 21], we address 

several less explored angles in this feld. Where most of the existing 
running technologies focus on increasing performance and reaching 
goals [21, 22], Sensation aims to motivate by providing a better run-
ning experience. Instead of performance, our focus lies on the mind-
ful and relaxing experience people appreciate during a run. Adding 
natural sounds helps to improve the urban sonic environment [27] 
and contributes to the experience of more natural surroundings 
that are preferred by runners [12]. Using natural sounds as audio 
feedback, Sensation provides no visual distractions and is more 
likely to blend naturally with the perceived environment of the 
runner. 

Although building a physical installation will require an in-
vestment from the government or community and rather low-
maintenance technology, there are considerable advantages to this 
approach. Contrary to most other popular technologies, these in-
terventions require no prior investment from the user such as 
buying ftness trackers or downloading programs. Embedding 
the technology in the physical environment ensures accessibil-
ity to all, making Sensation much more inclusive than many of 
the available technologies. From a public health perspective, this 
is an important argument, since these interactive environments 
even have the potential to also engage the hard-to-reach group 
of people who don’t move enough but are not consciously try-
ing to improve. Additionally, the natural sounds produced by 
Sensation may even improve the sonic environment of others 
close by. 

While initially intended for runners, once installed in a public 
park Sensation is likely to also be used by walkers or (playing) chil-
dren. We expect that for the walkers, the relaxing sensation of a 
more natural environment will add to their experience in a similar 
way as it does for runners. Children may additionally use the audio 
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feedback in their play. Both of these uses would have to be con-
frmed in a future study but may lead to Sensation reaching an even 
larger audience. Since the sensors and speakers are located in each 
tile, multiple people can use the track at the same time. However, 
measures may be necessary to prevent (motor)bikes coming on the 
track. 

Examples of truly interactive urban environments are some-
what scarce. Urban spaces and especially public parks ofer a lot of 
non-technological equipment (e.g., calisthenics equipment, cycle 
lanes) with installations often focused on children (e.g., playground 
design). But with their prospective audience and infuence, Human-
Environment interactions have great potential as a concept to en-
courage physical activity and a healthy lifestyle. Including such 
technologies in the design of urban spaces can help to reach this 
goal, with the collected anonymous data used both to gain user 
insights and as a source for further personalized interactions. 
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