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Abstract
Representing fitness-related data physically can better help people gain awareness and reflect on their physical activity behav-
ior. However, there has been limited research conducted on the impact of physicalizing personal data in a public context, 
particularly regarding its effect on motivations for physical activity. Augmenting the physical environment with interactive 
technology holds great promise in facilitating outdoor physical activity. To explore the design space of data physicalization-
based interactive environments, we created TIDAL, a design concept that provides physical rewards in the form of tiles on 
the road to acknowledge runners’ goal achievements. We created a video prototype as a probe to gather insights through 
semi-structured interviews with six recreational runners to evaluate TIDAL. The co-constructing stories method, a partici-
patory design technique, was employed during these interviews to facilitate qualitative evaluation. The results of our study 
showed that TIDAL has the potential to increase runners’ motivation. We reported the key insights derived from participants’ 
feedback and co-constructed stories and discussed the broader implications of our work.

Keywords Interactive environment · Physical activity · Data physicalization · Urban design

1 Introduction

Physical inactivity has become a global pandemic threaten-
ing public health. It is the fourth leading cause responsible 
for more than 5 million theoretically preventable deaths 
annually (Kohl et al. 2012). This serious public health chal-
lenge can be effectively prevented by increasing regular 
physical activity (PA) to help manage non-communicable 
diseases and improve health (World Health Organization 
2022). With the advantages of health-related benefits and 
a low threshold, recreational running is becoming popular 
worldwide to develop a healthy lifestyle among various 
physical activities. However, among recreational runners, 
there is a high drop-out rate due to injuries and motivation 
loss. This paper focuses on motivating outdoor recreational 
running, which has considerable benefits for physical and 

mental health than indoor (Bowler et al. 2010; Thompson 
Coon et al. 2011).

A variety of data monitoring-based technologies (e.g., 
wearable devices, products, and applications) have been 
developed in line with the popularity of running, which gen-
erates a vast amount of data and has prompted the research 
area of Personal Informatics (Murnane et al. 2018). The 
common strategy of visualizing data in Personal Informatics 
community follows a heavily quantitative approach (Mur-
nane et al. 2020) (e.g., numbers and graphs). This approach 
appears to be less effective and has a negative influence on 
motivation and self-integrity (Cohen and Sherman 2014). 
Moreover, it can foster a negative mindset making physical 
activity feel more like a struggle than desirable (Crum and 
Langer 2007). It is challenging but essential to find the moti-
vation to turn intentions into sustainable behavior change 
(Menheere et al. 2020).

Data physicalization appears promising among the 
attempts to transmit running data tacking in alternative for-
mats. With the tangible nature, data physicalization expands 
the design space for presenting exercise data, offering possi-
bilities to convey meaning beyond the data and creat a more 
engaging experience, which in turn encourages deep explo-
ration, interaction, reflection, and anticipation of healthy 
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activity (Menheere et al. 2021). However, previous works in 
the community of data physicalization focused on presenting 
individuals' running data in relatively private scenarios, such 
as artefacts or interactive systems used in the home (Men-
heere et al. 2021) or office (Botros et al. 2016). Attributing 
to the significantly perceived social interaction, showing 
PA data digitally through public display has been indicated 
to motivate PA and trigger communication (Altmeyer et al. 
2018). However, presenting PA data tangibly in a more pub-
lic, environmental context remains largely unexplored and 
unexploited, partly due to the technical challenges and the 
relative lack of information on its value.

Reducing physical inactivity is a complex societal issue 
requiring multidisciplinary expertise and interdisciplinary 
collaboration (World Health Organization and International 
Labour Organization 2021). In the realm urban design, out-
door exercise is classified as an optional activity, which is 
highly dependent on the physical characteristics of the urban 
environment and will occur to a greater extent if the physi-
cal characteristics of public urban spaces are inviting. Spe-
cifically, the roles of urban facilities, artificial landscapes, 
and social interactions in enhancing physical activities are 
remarkable (Smith et al. 2017). Physical environments have 
indirect effects on physical activity through motivation and 
self-efficacy (Haughton McNeill et al. 2006). The urban 
environment has the potential to strongly contribute to physi-
cal activity through its design, especially with the possibili-
ties of evolving and increasingly integrated technology con-
tinuously adding new opportunities (Stibe and Larson 2016). 
Currently, most interactive environments engaging PA are 
based on instant interaction due to the people’s movement at 
the same moment. The feedback effect is temporary and will 
disappear with the end of the exercise. What if we physically 
present people’s PA data in terms of elements in the public 
space, such as facilities, landscapes, and installations? The 
environment will change with their running, which is con-
tinuous, slow, and visible to runners and co-located people. 
Yet, stimulating physical activities outdoors in this way is 
rather complex but worth exploring. It involves individual, 
social, and environmental factors that are strongly intercon-
nected and continuously reshape each other (Bandura 1986).

Traditionally, fitness apps often reward users with digital 
medals for accomplishing new challenges, typically based 
on the mobile phone screen. We envision a transformation 
in that the urban environment acts as an interactive display. 
We argue that there is an opportunity to explore new ways of 
motivating PA by data physicalization that should go beyond 
private usage scenarios to public. For instance, when a run-
ner conquers a new milestone, instead of a digital badge 
on their screen, an actual tile on the path they run would 
serve as a physical medal. It not only celebrates the runner's 
success but also creates a tangible and public recognition 
of their accomplishment, turning the city's pathways into 

an interactive canvas. To explore the potential impact and 
design space of the data physicalization-based environment 
on outdoor running, we created TIDAL (as in "TIle" and 
"meDAL"), a design concept of a running social service pro-
vided by an interactive system that encodes running data 
and the completion of running goals into tiles on the road 
as physical rewards in the public space (for details, please 
refer to Sect. 3). Using a video prototype of TIDAL as a 
probe, we conducted semi-structured interviews based on 
co-constructing stories (Buskermolen and Terken 2012), a 
participatory design technique to collect deep and specific 
feedback for early, formative concept evaluations. In this 
paper, we report runners' in-depth feedback and their stories 
based on our design concept and the implications derived 
from the results.

The contribution of this paper is threefold: first, we 
offered a novel lens into integrating personal data into pub-
lic urban space to motivate PA from a multidisciplinary 
perspective of HCI and the urban environment. Next, we 
designed TIDAL, a video prototype of a future smart city 
augmented with new technology and services, and explore 
its potential effect on runners' motivation. Then, through 
the co-construction stories, and interviews, we explored 
the design space of the interactive environment based on 
data physicalization. Based on our results, we discussed the 
motivation effect and concern of TIDAL and how an inter-
active environment like TIDAL could be better designed 
to motivate the public. Our research could inform physical 
activity intervention, data physicalization, and urban design 
research fields and how the different fields can benefit from 
each other’s work.

The rest of this article is structured as follows. In Sect. 2, 
we review the related theory and works that inspire our 
work. In Sect. 3, we detailly introduce the concept of TIDAL 
and the video prototype. In Sect. 4, we report the methods 
used for qualitative concept evaluation. In Sect. 5, we report 
the results of the evaluation and co-design. In Sect. 6, we 
will discuss the findings, future work, and limitations of this 
study. Section 7 concludes the paper.

2  Related work

2.1  Persuasive technology and persuasive city

Persuasive technology (PT) is designed to motivate benefi-
cial activity, which is increasingly used and effective at pro-
moting PA. According to the Fogg Behavior Model (FBM) 
(Fogg 2009), sufficient motivation, sufficient ability, and 
an effective trigger are three principal factors that result in 
a target behavior commonly used for persuasive technol-
ogy design. For example, Go & Grow (Botros et al. 2016), 
UbiFit (Consolvo et al. 2009), and Fish'n'Step (Lin et al. 
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2006) provided feedback for achieving milestones or com-
pleting goals with a living plant, digital flowers, and digital 
fish to increase vitality. These cases are also designed to 
stimulate long-term behavioral change by creating a strong 
emotional bond (through feelings such as pride, guilt, and 
a sense of responsibility) through caring for pets or plants 
and by building social influences through the participation 
of close people.

Previous work has examined how technology can support 
health behavior monitoring in social contexts. For instance, 
popular fitness-tracking applications like Strava and Runk-
eeper were developed with social affordances such as allow-
ing data sharing, creating social support through comments 
and Kudos on others' performance, and social competitive-
ness by showing the performance of others in the nearby 
running location. Further, Altmeyer et al. (2018) extended 
the gamified fitness application from personal mobile to a 
public display. Their result proved that making step data 
visible to outsiders by public display increased step counts, 
encouraged socialization, and provided additional motiva-
tion for PA. In line with Orji and Moffatt (2018) and Alde-
naini et al. (2020) reported that platforms employed by per-
suasive technology frequently emerged as mobile, handheld 
devices, games, websites, and social networks. Only a few 
examples integrate into the physical environment in terms of 
ambient or public displays or interactive workstations. How-
ever, the environment can powerfully influence individuals' 
desire and ability to pursue behavior change (Parker 2014). 
Stibe and Larson (2016) have proposed persuasive cities 
that embed persuasive features with conceptually new urban 
designs to improve wellbeing across societies. They argued 
that socially influencing systems supported by a technologi-
cally enabled built environment might have a more sustain-
able impact on behavior change. Their work pointed out a 
promising ecosystem of the future city to increase PA from 
the theoretical level, but there is a lack of specific design 
practice and research. Thus, we contribute to exploring the 
design space of the persuasive city by extending digital pres-
entation from public display to physical space. We proposed 
a novel approach to motivating PA by rewarding the people’s 
efforts of PA with environmental change on their running 
route.

2.2  Data physicalization

Data physicalization has become an emerging research 
area in the last decade (Sauvé et al. 2022), defined as "a 
physical artefact whose geometry or material properties 
encode data (Jansen et al. 2015)." It represents meaningful 
data through physical shapes or materiality that encourage 
people to explore, understand, self-reflecting, and share its 
meaning. Data physicalization has been applied in the con-
text of physical activity as a novel feedback form, which 

offers continuous access to user’s data allowing for reflec-
tion and integration in their everyday life (Sauvé et al. 
2020). For instance, researchers transformed PA data into 
3D printed artefacts (Stusak et al. 2014) (Khot et al. 2014) 
or chocolate (Khot et al. 2017) as a physical reward of 
which the shape corresponds to the PA data. These studies 
reported that physical artefacts were considered rewards 
for participants’ invested physical efforts that contributed 
to increased PA and reflection of PA.

Beyond static physicalization, Loop was a dynamic 
physicalization based on a shape-changing interface, 
visualizing the step data by eight wooden moving rings 
to integrate weekday accumulated data more fully into 
users’ daily life sustainably (Sauvé et al. 2020). Based on 
Loop, Laina, a shape-change art piece, adopted an aesthet-
ics perspective to spark positive feelings towards running 
through a slow feedback mechanism, which maps the run-
ning route and metrics into position and length of pins 
(Menheere et al. 2021). Loop and Laina provide an inter-
esting perspective that the tangible artefact incorporated 
in the physical environment and users’ daily routines as an 
ambient display, presenting accumulated data, could trig-
ger more moments to remind oneself of previous runs and 
stimulate reflection. They serve as permanent companions 
remaindering of one’s exercising endeavor.

While prior work on the physicalization of exercising 
data has shown its unique value in representing data mate-
rially to motivate physical activity, it also presents limita-
tions and unexplored design possibilities. First, most existing 
research has focused on individuals and indoor or portable 
usage scenarios, lacking exploration in a public and social 
context. Rogers et al. (2010) reported that compared to the 
most informative PA data visualization on large screens 
tended to be ignored by people, the abstract interactive 
installations attracted more “eyeballs,” “talk,” and “curios-
ity”. Data physicalization is inherently susceptible to their 
surrounding audience and context with the physical and 
tangible nature (Sauvé et al. 2022). This offers the founda-
tion for our approach that data physicalization could be used 
to physicalize the accumulated personal PA data in pub-
lic spaces to increase engagement. Furthermore, ccording 
to López García & Hornecker’s typology (2021), most PA 
data physicalization design cases focus on small and medium 
sizes, which could be held in hands or used as furniture. 
We contribute to the data physicalization field by providing 
design concepts of the ‘assembly’ scale of physicalization 
in the public context. The “assembly” scale refers to the 
physicalization comprised of individual pieces and can, as 
a result, change their size based on the number of pieces 
used (Dumičić et al. 2022) Specifically, we map runners’ 
efforts onto the tiles on the path, which progressively elon-
gate, creating a long-term and dynamic interactive surface 
with increased engagement.
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2.3  Interactive environments for physical activity

The urban environment has a significant impact on improv-
ing public health. In the domain of urban design, research-
ers found that four dimensions of environmental quality 
influenced physical activity in public space: (1) physical, 
(2) functional, (3) visual, and (4) social quality (Fathi et al. 
2020). Due to human perception, the role of urban visions 
and artificial landscapes, such as the quality of walls, urban 
facades, skylines, and natural visions and landscapes, in 
enhancing physical activities was remarkable (Fathi et al. 
2020). Based on the persuasive power of the environment, 
researchers in HCI investigated the impact of interactive 
environments embedding intelligent technology in the public 
space to facilitate physical activity among the public through 
inclusive interactivity (van Renswouw et al. 2022). It pro-
vides a unique perspective to solving the complex public 
health issue by combining potentials of both fields. They 
have been investigated in different contexts through various 
forms, such as the interactive floor (Graf et al. 2019), public 
stairs (Tan and Chow 2017), the playground (Soler-Adillon 
et al. 2009), and the installation (Grønbæk et al. 2012). Dis-
tinctively from digital interventions, environmental interven-
tions are embedded in public spaces where people are more 
likely to be immersed in them with intuitive actions. Prior 
projects have shown that playful interaction in public spaces 
can increase users' physical activity, engage passersby, and 
create cooperation and social connectedness since they 
are more accessible to various user groups thanks to the 
inclusive nature of the public environment (Grønbæk et al. 
2012; van Renswouw et al. 2022). This echoes Sauvé et al.'s 
(2022) work in the data visualization community, which is a 
dynamic between users and spectators as two types of audi-
ence, in which spectators could be attracted by the interac-
tion and become implicit users. Therefore, we believe an 
interactive environment, such as an interactive road, could 
be an effective carrier for presenting PA data to motivate 
runners.

Related examples utilizing tiles as an interaction medium 
to encourage outdoor exercise can be categorized into the 
static medium and the dynamic medium. KWIEK is an 
example of a social exercise route utilizing static tiles with 
specially developed symbols to guide people to exercise with 
nearby infrastructure (Fig. 1 left). Sensation (van Renswouw 
et al. 2021) is a sonification running track consisting of 
dynamic tiles providing audio feedback to the runner (Fig. 1 
right). Based on this, (van Renswouw et al. 2021) developed 
a 1.8 km path consisting of LED and displays in a public 
park to support runners or walkers to set personal goals and 
track performance to gain intrinsic motivation. Their results 
demonstrated that Human Environment interactions (HEI) 
have great potential to encourage PA and a healthy lifestyle. 
However, current interactive environments rely on direct and 

temporary bodily movement to engage people, which will 
disappear once physical activity is completed. Few stud-
ies have explored the impact of persistent environmental 
interactions on long-term behavioral changes, especially 
in outdoor physical activity. Building upon the existing 
research and theories, we aim to leverage the advantages of 
data physicalization and the interactive environment. Our 
work distinguishes it self by utilizing road tiles as a physical 
medium to publicly present individuals’ data.

3  TIDAL

3.1  The concept of TIDAL

We have developed the concept of TIDAL, a service system 
that combines persuasive theories, data physicalization, and 
interactive environments to motivate individuals with their 
data. The concept was inspired by a motivating strategy 
commonly used in running software applications: motivating 
people to complete challenges of different difficulty through 
digital badges. In our concept, we used the tiles on the road 
to represent the digital badges. The extended application 
(Fig. 2) provides a platform to help runners set and track 
their running goals quantitatively. Runners can also use it to 
choose their tile medal's location and physicalization forms 

Fig. 1  Examples of static and dynamic tiles

Fig. 2  TIDAL service system and three scenarios
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after they achieve phased goals. The runner’s goal achieve-
ment and the running data will be present on tiles of the 
road they choose in a physicalization form, which makes 
the regular running road into a slow feedback-based interac-
tive tangle interface. The tile medal looks like the regular 
tiles on the ground, of which the color, pattern, and text can 
be added or changed, as shown in Fig. 2. Once individuals 
reach their running goal, they will get a tile medal embedded 
in the road accessible to every passerby. More running goals 
they reach, the more tiles they get. For example, people can 
change the color of a part of the road to green or make a 
heart pattern with the tile medals they get.

Moreover, based on this initial concept of encouraging 
people to move with physical medals in the running envi-
ronment, we further envisioned three scenarios of different 
interactivities to explore people’s responses to the physicali-
zation of individuals and groups. Scenario 1 is the interac-
tivity of individual data physicalization that allows runners 
to individually change the tile's color, pattern, and material 
or show a sentence or personal data on the tile. Scenarios 2 
and 3 are both interactivities involving social cooperation, 
allowing people to join groups with others to make changes 
together. The social cooperation of scenario 2 is between 
acquaintances, such as friends, family, and partners. While 
scenario 3 is the cooperation between geographically close 
people, such as people who run around the same area.

3.2  Video prototype of TIDAL

In this study, we aim to explore the design concept and use 
this concept as a probe eliciting inspirational responses 
within runners to figure out the direction for future devel-
opment in the early design stages rather than test a proto-
type with high refinement regarding functionality and data 
access. Thus, we chose to make a video prototype, a use-
ful prototyping tool for exploring design ideas of which the 
validity and usefulness have been confirmed (Zwinderman 
et al. 2013). Compared to the physical prototype, as a pow-
erful medium, the video prototype could eliminate all tech-
nology and implement limitations for communicating the 
functionality, spirit, and personality of a new application, 
computer, or system (Tognazzini 1994).

Following this tool, a video prototype of TIDAL was 
made. This video depicts a runner’s experience running out-
doors with TIDAL. The storyboard of this video prototype 
is shown in Fig. 4 Video B. In the beginning, the runner 
used TIDAL to record his running. After achieving the run-
ning goal, he used the TIDAL online platform to choose the 
location to place his tile medal. Serval days later, when he 
ran there again, he saw his tile medal was on the road. To 
stimulate more imagination of participants to co-construct 
new stories, in our video prototype, we did not report any 
specific technology used for implementation.

4  Method

Previous research has highlighted the importance of con-
textualized and grounded feedback from end-users (Özçelik 
Buskermolen et al. 2012). To explore runner’s attitudes, in-
depth feedback, and expectation of this design concept for 
further development, we conducted semi-structured inter-
views adopting Buskermolen and Terken’s (2012) co-con-
structing stories method, a participatory design technique 
eliciting deep and specific feedback for early, formative 
concept evaluations (as shown in Fig. 3). This technique 
consisting of sensitization and elaboration phases can help 
designers in obtaining a deep understanding of users and 
their current and anticipated use contexts through storytell-
ing. It has been applied in architectural design (Broffman 
2015), smart homes (Eggen et al. 2017), and future techno-
logically augmented cityscapes (Kukka et al. 2014) to elicit 
deep and specific feedback on future concepts or technology 
in the early design phase.

4.1  Participants

Given the exploratory nature of the research, our study first 
focused on runners’ perspective as data providers to discover 
and generate insights that could guide and shape further 
investigations. We recruited 6 recreational runners between 
the ages of 26–48, which is adequate for the interviews con-
ducted following the think-aloud method (Nielsen 1994). 
They are employees working in the same university but in 
different departments, with an average of 32 years old. All 
participants voluntarily participated in the experiment fol-
lowing the study protocol approved by our university's ethics 
review board. Before the interviews, participants completed 
questionnaires about their demographic and current running 
routines (see Table 1). Four participants (P1, P2, P4, P6) 

Fig. 3  Research method based on the co-constructing stories (Busker-
molen and Terken (2012))
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have more than 3 years of running experience. P3 and P5 
just started running recently, but P5 went climbing weekly. 
All participants received a 5 Euro voucher after interviews 
for their time.

4.2  Procedure

Following the co-constructing stories method, our interviews 
were divided into two parts (as shown in Fig. 3). During the 
first part, in line with the sensitization phase, participants were 
shown Video A (left Fig. 4) basic fictional story describing a 
fictional story of an outdoor running journey with Strava to 
introduce the context and set the stage for dialogue between 
researchers and participants. After video A, participants were 
asked experience-related questions to evoke relevant outdoor 
running experiences. To maximally probe participants' experi-
ences and align with the video prototype, we told the story of 

the first part for sensitization in the form of videos performed 
by the same actor in the same location.

The second was consistent with the elaboration phase. The 
second part started with video B (right Fig. 4), the video pro-
totype (detailed description in Sect. 3.2), and a fictional story 
introducing the TIDAL design concept in an envisioned con-
text. Then participants were asked what they liked and disliked 
in the story to elicit positive and negative feedback about the 
concept. We provided three pictures with different patterns on 
the street, as shown in Fig. 2, and explained them to the partici-
pants orally. We asked participants to choose the interactivity 
they would like to participate in and explain why.

In the second part, participants received markers and 
papers printed with the same street scene as in the video 
prototype. Then they were asked to envision how the design 
concept would be more motivated if the runner in the video 
were themselves for open-ended feedback. Meanwhile, 
they were encouraged to think aloud while sketching their 
envisioning to supplement the basic story about the concept 
with contents representing anticipated future experiences, 
based on their needs, past outdoor running experiences, and 
aspirations.

4.3  Data collection and analysis

The interviews were audio-recorded and lasted between 30 
and60 min. All interviews were manually transcribed and 
anonymized. Runners’ vision sketches in the third part based 
on the concept shown by the video prototype Fig. 4 were 
also collected for analysis. Beyond participants' reactions to 
TIDAL, we were also interested in their stories based on the 
context we built. Therefore, we analyzed the sketches paral-
lel to the interviews and examined the similarities and dif-
ferences between the participants’ sketches. We coded tran-
scriptions of interviews and their sketches related to a part 
of the phenomenon and clustered these into different themes. 
Then we made illustrations according to the participants' 
sketches and co-constructed stories to provide a clear pic-
ture of runners' expectations and co-create outcomes of the 
motivational environment in the outdoor running context.

5  Results

Here we report on results from the sensitization and elabora-
tion phases of co-constructing stories.

5.1  Sensitization phase

5.1.1  Outdoor running experience, environment, 
motivation

Five Participants agreed that their running experience was 
generally consistent with video A. P2 disagreed since he 

Table 1  Participants information

PID Sex/age Running frequency Average distance

P1 M/33 2–3 times a week 6–8 km
P2 M/27 Twice a week 6–8 km
P3 F/26 Once a week 2–3 km
P4 F/48 4–5 times a week 8–10 km
P5 F/26 2–3 times a month 3–5 km
P6 M/32 Twice a week 6–8 km

Fig. 4  Storyboard of the videos
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took the telephone with him while running to listen to music, 
not to monitor data. P4 mentioned that besides running 
alone, as shown in the video, she also ran with her running 
group. Participants tended to run in nature with flat roads, 
such as parks and countryside, for the running environment. 
They liked immersing themselves in the outdoor scenery 
without being interrupted or stopped. The physical and men-
tal benefiting of running, such as keeping healthy, reducing 
stress, and losing weight, were frequently mentioned by all 
participants. Additionally, performance improvement also 
motivated three participants (P1, P4, P6). Rewarding also 
affected P1’s motivation, and social connection played an 
essential role in P4’s motivation. As P1 stated, collecting dif-
ferent level challenge badges in his sports watch and improv-
ing running parameters were his main motivating factors: 
“I want to get all the badges, although some are impossible 
for me, like running 500 km per month. I like seeing my 
progress over the years, running more or a little bit faster 
this year than last year.”

Contrary to P1, P4 was not motivated by the badges but 
usually ran twice a week with her running group, which 
was composed of a coach and people who live nearby: “The 
running group motivated me a lot when you run with other 
people you need to keep up with them, you need to get faster. 
That is also a social connection that you have … also look-
ing at Strava and what others did today, then I feel like I need 
to do something by myself. That helps a lot.”

5.1.2  Running technology and data

Five participants used sports watches or running applica-
tions, quantitatively monitoring running data to know well 
about their performance. However, there was one partici-
pant, P2, with no experience of recording running data by 
technology, who usually estimated running distance by time, 
the total amount of laps around the park, or songs listened 
to during running: “I never monitored data because I don’t 
care about the speed and accurate distance or share the data 
with others. Running is personal for me. I will run when I 
want to. But I keep running twice a week.” Among other 
participants tracking data, there were two ways to share data. 
One was that recorded data was automatically shared on the 
running platform. Another was that it was manually shared 
on social media to record the special moment as a milestone, 
like starting to run again, breaking personal records, etc.

5.2  Elaboration phase

5.2.1  Positive anticipations on motivation

Theme 1 Stronger incentive All participants indicated that 
they would be motivated by the physical feedback of TIDAL, 
which was considered exciting and original, and expressed 

the willingness to get their tile medal by participating in 
outdoor running. Compared with the digital medal, the 
physical medal became a stronger incentive giving partici-
pants stronger achievement and stimulating reflection. P1 
mentioned that “the physical medal on the road motivated 
me more than the virtual medal in his sports watch with 
longer impact, and it is always there reminding me like a 
milestone…it’s like the physical holiday card is always bet-
ter than e-cards for me.” Consistent with P2, P3 stated that 
TIDAL was meaningful and attractive with a double sense 
of accomplishment: “Being rewarded with a tile medal after 
reaching a staged goal would bring me a sense of accom-
plishment. It also reminds me of a Jigsaw puzzle (P3). I look 
forward to completing my puzzle picture by running more 
and putting more tiles together.” Meanwhile, P5 reported 
that along with the sense of achievement was the sense of 
belonging and ownership that connected participants with 
the road they usually run.

Theme 2 Comparison and competition The physicaliza-
tion on the tiles in public was visible to all, bringing out two 
types of comparisons: among runners and within runners’ 
own tile medals. Comparisons between runners create an 
implicit competitive environment indicated more by experi-
enced runners (P1 and P6). As P1 stated, “If I see someone’s 
speed on their tile faster than mine, I want to try to improve 
myself as much as possible can.” Conversely, three partici-
pants (P2, P3, P5) reported that they don’t like to compare 
with others, so the competition caused by presenting PA data 
publicly might be less motivating for them. But they showed 
more tendency to compare their medals. As P2 reported that 
“I hope that every time I can receive a better tile medal than 
last time so that I will have continued motivation.”

Theme 3 Trigger interaction TIDAL was frequently 
reported to contribute to triggering interactions. All Par-
ticipants stated that the tile medal on the road would attract 
them to interact with the environment, expecting to see how 
many medal tiles would eventually appear on the road and 
the content of the tile medal. Seeing their awards during run-
ning could generate positive emotions for behavioral change. 
P5 thought this system may be useful: “If I saw a road with 
many tile medals, I would assume it was a nice road for run-
ning and try to start from here.” Furthermore, we observed 
that the system has a great potential to trigger social inter-
action, which can motivate behavior change effectively. P4 
and P6 expressed wanting to complete a group goal and be 
rewarded with their running group and friends. In addition, 
TIDAL would result in indirect interaction and connection 
between runners and passersby. As P1 and P3 considered, 
“The tiles as a part of the running environment are acces-
sible to all, breaking the communication limitation and con-
necting users from different running platforms.” On the one 
hand, the interaction could occur among runners based in 
the same location. Besides the social competition and social 
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cooperation between runners, P6 provided a different cause 
of interaction motivating himself: “If someone expressed 
something on his tile that I don’t agree with, like he sup-
ported a player I dislike, I would definitely run to get a tile 
to express my opinion.” On the other hand, the interaction 
could happen indirectly between runners and passersby. 
Because once the tile medal was installed on the road, it 
would also be visible to passersby. As P4 stated: “I would 
like to participate in this event with my running group using 
the tile medals to display our running team logo and infor-
mation. We were happy with the achievement, and perhaps 
people nearby would be attracted to join us when they access 
it.” P2 and P5 imagined the future scene: “If many people 
engaged in it, this road might become an amazing landscape 
which will attract people’s visit.”

5.2.2  Concerns about implementation

Theme 4 Feasibility Although the system is attractive, five 
participants (P1, P2, P3, P5, P6) were concerned about 
whether this would be allowed and implemented without 
prejudice to others since changing the tile on the public road 
was under the management of the relevant city departments 
involving multiple stakeholders and requiring sponsorship. 
P1 suggested that making road changes is not easy, but doing 
this in a park might be easier than on the downtown street. 
However, P6 had the opposite view: “I like to run in nature, 
so it is not a good idea for me to pave with bricks on the dirt 
road, which reduces the feeling of being in nature.” Three 
participants (P1, P3, P5) additionally worried about people’s 
engagement in real situations, which was closely related to 
the final effect of data physicalization: “If few people are 
participating, there will be few tile medals on the ground that 
is not easy to be noticed. If plenty of people actively par-
ticipate, a long road with enough area needs to be planned 
in advance.” P2 asked about the charges and safety: “Do I 
need to pay? I will try if it is free, and the road is always flat 
for a walk or running.”

Theme 5 Aesthetics Participants’ concerns about aesthetic 
issues mainly focused on the tile medal itself and the impact 
of the landscape composed of plenty of medal tiles on the 
city's appearance. Three participants would like to run for 
beautiful, novel patterns on their tile medals (P2, P5, P6). 
Considering the appearance of tile medals, P5 and P6 con-
sistently suggested that graffiti artists can be involved in cre-
ating artwork as rewards for running goals and stated that 
“I would be proud of my tile medal customized with the 
graffiti displayed in the public space and even share this via 
social media.” Last but not least, the overall in-process and 
final appearances were the crucial aspects four participants 
(P1, P2, P3, P5) were concerned about: “People got their tile 
medals at different times with the patterns determined by 
themselves then the final look might be messy.” The public 

space is open to all citizens, so the physicalization in the 
public space should be aesthetically pleasing and orderly 
managed.

5.2.3  Feedback on PA data physicalization

Theme 6 Data Presentation and Privacy All Participants 
had an interest in running for their tile medal. We found that 
people with rich running experience are more inclined to 
display relevant information, such as sports data. P1 stated 
he wanted to show his fastest running speed, accumulated 
mileage, and location he had run on the tile medal. P4 would 
show her name and general running information like time, 
distance, and the running team logo. Except for P1 and P4, 
the other four participants did not clearly express the specific 
content to be presented on the tiles but preferred tiles with 
color or pattern. They reported that the information they 
would show on the tile depended on their mood and situation 
when they got the tile medal. The participants (P2, P3, P5, 
P6) reported that the information they would show on the tile 
depended on their mood and situation when they got the tile 
medal. As P6 state, "It depends on how difficult I get this tile 
medal. If it is easy, I will present something related to my 
interest. If difficult, I would like to engrave my name on it.” 
P2 stated he preferred visualizing pretty patterns: “I prefer 
the tile with a pretty pattern. And If other runners put their 
names on the tiles, It will be fine for me to show my name 
there.” Interestingly, P5 mentioned she would prefer to show 
her cultural background: “Because I chatted with a friend 
about cultural differences before this interview, I may show 
something related to my country's culture on the tiles. (P5).”

5.2.4  Interactivities of individual and group data 
physicalization

Beyond the design concept of TIDAL, we also explored 
perceptions of individual and group data physicalization. 
Specifically, we asked participants to choose the interac-
tivity they would like to participate in and explain why. 
Three participants (P2, P3, P5) prefer the interactivity that 
physicalizes individual data and stated that accomplishing 
shared goals would become unmanageable when others were 
involved: “If someone in my group wants to give up, can I 
still get the tile medal there? Meanwhile, I don’t want to 
hinder others if I struggle to complete my running. So for 
me, it would be better to have the chance to physicalize my 
data.” Two participants chose Interactivity 2 as their favorite, 
and they stated that it is fun and exciting to do something 
with friends and running partners. They were more likely to 
get the tile medal with close friends than strangers. Because 
working with a large group of strangers means that there 
are more uncontrollable factors. Only P1 hesitated between 
interactivity 2 and 3 but finally chose 3. He explained: “I 



TIDAL: exploring the potential of data physicalization‑based interactive environment on…

think it's interesting to collaborate with friends, but it seems 
more socially valuable to me to collaborate with all the peo-
ple running in this area to complete a larger work.”

5.2.5  Co‑constructed stories and sketches from runners

Here we reported the results from participants’ co-con-
structed stories and sketches. Figure 5 shows the original 
participants’ sketches of their stories and illustration made 
by researchers. Three participants sketched two concepts, 
and three others sketched one concept as a supplementation 
to the basic story, for a total of nine co-constructed stories. 
Three co-constructed stories were created using the tiles as a 
carrier (P2, P4, P5). Three participants proposed integrating 
the data physicalization with the existing facilities and build-
ings (P1, P4, P3). Four stories attempted to add installations 
in the empty lawn or sidewalk shown in the provided street 
view (P1, P3, P4, P6).

Considering that people's vision focused on eye level, P1 
first proposed adding a screen on the building near the street 
to show the cumulative number of runners running through 
the area. In addition, he suggested that the lawn area could 
be enriched with more trees, which could be associated with 
people's running data. He mentioned a game he played to 
explain his second co-constructed story: “If I achieve my 
running goal, there will be one more tree in this location 
with my name like the game like the game Ant Forest, and 
my name can be written on this tree. I will be more active.” 
P1 proposed using an artificial tree's growth on the roadside 
lawn as a metaphor for running. The number of branches 
represented the number of people running on the road, and 
the length of the branches represented distance. P1 thought 
it would be even better if time were involved. He envisioned 
this tree would bloom and became deciduous with the 
changing seasons.

P2 further developed the tile concept of using shades 
of color or complexity of the pattern on the tile to present 
different running levels. If a person got dark red bricks, it 

means they ran a long distance every time. The lighter the 
color of the bricks, the shorter the distance it referred to. 
He used different shapes in the sketch to represent different 
levels of delicate patterns: “I want the pattern on the tile I 
get to be increasingly beautiful; for example, the first time 
I run, I get a triangle. The second time, I get a circling row. 
The third time I get a square, and in the future, I might get 
a famous painting or a custom pattern on my tile. If every 
time I get the same pattern, I get bored and lose interest.“

Puzzles inspired P3’s co-constructed story. She suggested 
using the street light poles on the roadsides as a carrier to 
display the tile medals people got. In her sketch, the tile 
medals were scaled into small arc-shaped squares which 
could be attached to the light pole with the magnetic. When 
more people are running nearby, the medals they get could 
surround the pole as decoration. Moreover, P3 designed 
flags on the lawn to represent the running performance of 
different groups or individuals. The flags would display run-
ning parameters and inspiring sentences and get higher as 
the goal is completed. She was concerned that “Where we 
live is often windy, which might be dangerous to the pas-
sersby if these flags are scraped down.”

P4 proposed installing projectors on the street lights to 
dynamically display the runners' data on the road, using the 
ground as the primary carrier. She stated: “I would like to 
run to have our running team logo here with my group; it 
will be great teamwork.” She also sketched an extendable 
wall frame in the Lawn area to display the physical medal, 
which could be extended as the number of runners on the 
road increased. And she emphasized that there would be 
greenery around the wall frame for decoration.

P5's story iterated on the TIDAL concept. She stated: 
“As a novice, I want to know which road is better for run-
ning. So if the road were decorated with appearance-colored 
tiles medals, I would know that this road is a good place to 
run since many people have gotten their medals here.” She 
wanted to place her tile medals in a row with one color but 
in different shades: “Different shades represent different run-
ning challenges so that I can see my improvement directly. 
Rows of tiles in different colors represent the number of 
runners. Then the more people run here, the longer the road 
becomes.”

P6 often ran in the park, and he suggested to installed dis-
plays on the street or park entrances to show the digital tile 
medal. In his sketch, the shape of the display was like a tun-
nel. He imagined: “It would be better if artists were involved 
in making digital graffiti paintings. Runners' data generate 
this digital painting and can be displayed on the screen.” He 
was asked about the difference between his concept and the 
digital medal shown in video A. He stated: “In my concept, 
although the medal was digital, it was represented artisti-
cally and displayed in the physical space through a physical 
display. For example, when I achieve my goal, I can text my 

Fig. 5  Participants’ original sketching stories and illustrations based 
on their sketch
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interest, such as the dog on the platform, and then it will 
automatically create a grafting painting-related dag and dis-
play it in the public space. I would go there and take a pic-
ture with my artwork and then post it to my social media.”

6  Discussion

In this section, we discuss our results and the implications 
of our work for the design of data physicalization to increase 
physical activity in the public context and future work.

6.1  Impact of TIDAL on motivation

Encouragingly, all participants reported they would run to 
get their tile medal, which confirms that TIDAL has a posi-
tive impact on runners' motivation. Previous research on 
running data physicalization (Khot et al. 2014) suggested 
that the material artifacts could contribute to an increase 
in physical activity and reflection, which was considered a 
testimony to participants’ invested physical efforts. Our find-
ings support this argument, as all participants reported that 
running for a physical tile medal is more attractive than the 
digital medal shown in video A. We observed that partici-
pants would participate because novelty, appropriate chal-
lenge difficulty, and diverse rewards were the motivations 
that could attract participants to maintain continuous behav-
ior change. For those who with less running experience (P3, 
P5), TIDAL may motivate them to run more and regularly 
through appropriate challenge settings and rewards: “I don't 
like the conditions to be too challenging to get the reward, 
and if I get the same brick every time, I want the challenge 
to be the same. But if it's a better reward, I'm willing to put 
in more effort.” TIDAL provided extra motivation related 
to the social aspect to P1, P4, and P6, who were more expe-
rienced since they frequently mentioned social cooperation 
and social interaction when they talked about the impact on 
motivation.

In our preliminary observations, participants would 
be more proud of their reward physicalization in a public 
context rather than worried about privacy issues and nega-
tive social pressures, partially inconsistent with Lim et al. 
(2010). Indeed, it may be because our study was conducted 
in the lab rather than an in-the-wild study, so the privacy 
issues didn’t apparently expose. However, we also specu-
late this is probably due to the slow feedback and indirect 
interaction weakening negative social pressure and rein-
forcing positive encouragement and rewards, which is more 
pleasant. In addition, TIDAL edged PA data with additional 
value, contributing to the environment, which is reflected 
in runners’ feedback regarding belonging to the place they 
run, responsibility, and concern for the cityscape as a citizen: 
“When more people participate, an urban public art will be 

formed.” These positive factors may have contributed to the 
results that runners focused more on motivational effects 
than social pressure and privacy concerns.

6.2  Alternative technology for implementation

All Participants reported that they were willing to get their 
tile medal placed on the ground, indicating that the con-
cept was worth implementing. However, replacing tiles on 
the ground is challenging and requires the support of labor, 
finance, and city administration. What people liked about 
the TILDAL was the material reward they could get after 
exercise. The reward for their PA effort can be displayed in 
and contribute to the physical environment. From the par-
ticipants’ feedback and co-constructed stories on TIDAL, we 
found that tiles are not the only carrier for PA data physi-
calization. Only two stories refine the TIDAL concept, and 
seven of nine co-constructed stories proposed using other 
existing facilities or adding installation in the street view to 
present data physicalization. And we found all the partici-
pants' sketch echoes the broad definition of situated visuali-
zation, which are related to and displayed in its environment 
(Bressa et al. 2021). For example, P6 argued that using the 
display in the physical space to dynamically show the digital 
artwork generated by running data also could be a solution. 
He stated: “Compared to the digital reward on the telephone, 
presenting the reward in the public space will have a greater 
impact on me, even if it’s on a digital display at the park 
entrance. More people will see mine, and I will see others.”

Besides physicalization and display, immersive technol-
ogy AR have been frequently used to show situated (Bressa 
et al. 2021). AR has the ability to superimpose the virtual 
medal on the ground, which can easily realize the concept of 
TIDAL without construction on the ground. However, run-
ners need extra effort to bring and look through their mobile 
or wearable devices to experience the AR effect. In addition, 
it is more accessible to the runners who have already expe-
rienced it, not direct open to all co-located people. Thus, we 
believe it is worth exploring the implementation of TIDAL 
in more physical ways, which is always “on” for the public.

In addition to static ways (manually replacing the tiles 
and pasting stickers), living environment-friendly methods 
using natural materials provide a new perspective for imple-
mentation. Tanaka et al. designed a dynamic grass color 
scale display technique based on a grass length for a green 
landscape-friendly animation display (Tanaka et al. 2022). 
This technique can meet the runners’ expectations: present-
ing data in a public space should preserve and improve the 
urban landscape. For instance, P6 stated that he did not want 
the tile medal installed in the park's forest path, which would 
destroy the natural feeling. P1 and P4 related the data pres-
entation to the artifact and real plants. As a result, we see 
further opportunities and consider it an interesting design 



TIDAL: exploring the potential of data physicalization‑based interactive environment on…

space for designers to explore further by realizing the data 
physicalization with the interactive urban landscape.

6.3  Diverse interactive activities for individual 
and social runners.

Competition, social comparison, and cooperation are the 
three most commonly used persuasive strategies (Almutari 
and Orji 2019). In our case, cooperation is directly provided 
in Interactivity 2, 3. Competition and comparison arise 
indirectly in three interactivities through publicly display-
ing data. Through interviews, we learned about the running 
routines of different types of runners and their feedback on 
the three interaction scenarios provided by the TIDAL ser-
vice. We found that the social pressure reported by partici-
pants is not because of presenting the data in public but a 
possible result of social collaboration in Scenarios 2 and 3. 
Participants worried that it would prevent the group from 
achieving goals if they or someone else couldn’t finish the 
task in time. The social pressure stemming from social col-
laboration plays both positive and negative roles in runners' 
motivation. Based on that, we suggest that the design could 
use this to create diverse, engaging interaction scenarios 
for individual and social runners’ needs to provide them 
with different ways of participating and reduce the negative 
effects of a single choice.

6.4  Future work

Our result highlights the importance of the aesthetics of the 
data physicalization on tile medals which is one of the driv-
ers motivating running. Specifically, participants expect the 
patterns on their tile medals to be visually pleasing and in 
harmony with the environment. And in their co-creation sto-
ries, we observed that rather than seeing TIDAL as a physi-
cal data presentation in public space, participants associated 
it more with the urban landscape driven by running data, 
which fits with the definition of socially engaging art. It 
refers to the art medium that focuses on engagement through 
human interaction and social discourse.

In research regarding future cities, Kukka et al. pro-
jected an increased sophistication in the sociable uses of 
urban spaces and technologies, where people blend their 
online and offline worlds into a single-lived reality (Kukka 
et al. 2014). They believed that public services could be 
more engaging ad efficient through urban technology and 
embodied interaction. It is in line with the proven benefits 
of inclusivity of embedding technology into the physical 
environment to ensure access to all, as identified by Van 
Renswouw et al. Researchers in the persuasive technology 
and personal informatics communities have recommended 
designers consider designing a cross-platform application 
to increase their reach and accessibility (Aldenaini et al. 

2020) and look beyond support for publishing data to social 
networks (Rooksby et al. 2014). Hybrid digital-physical 
services with the multidisciplinary collaborations of design 
of the product, service, interaction, and environment create 
new possibilities for solving complex social issues such as 
physical inactivity. Our work extends quantitative data visu-
alization on the interface of mobile and wearable devices to 
the tangible city surface, providing a more qualitative per-
spective. Our approach to transferring PA data into the tile 
medals is rather qualitative compared to the statistical chart 
or graphic used in many running tracking applications. The 
“medals” are not only a result of the achievement of accumu-
lated quantitative data; they are also rendered with qualita-
tive recognitions, appraisals, and encouragement. Also, we 
provide a new perspective on the future city public space and 
design direction of cross-platform applications.

Based on our findings, there is a future direction for our 
work. We believe socially engaging urban art based on data 
physicalization could be a promising medium. Everybody 
can contribute to an art piece in the urban space by being 
physically active. Motivating people with socially engaging 
art and the city environment as a slow-feedback interface 
for new infrastructure and services might play a vital role 
as a design opportunity in promoting physical activity and 
enhancing the vitality of society. Thus designers are sug-
gested to develop data physicalization-based interactive 
environment with high aesthetic value and make it effec-
tive and sustainable attractiveness for both runners and 
passersby.

6.5  Limitation

Our study entails several limitations. First, we conducted 
semi-structured interviews following the co-constructing 
stories technique with a video prototype to gain insight from 
runners’ perspectives in a lab setting. This approach is help-
ful with valuable information extraction for future design 
and development. However, it is important to acknowledge 
that the validity of the research heavily relies on the skills of 
the researchers due to the dialogue-based nature of the co-
constructed stories method. Additionally, instead of devel-
oping a physical prototype, we used a video prototype as a 
probe to qualitatively assess the potential impact of TIDAL. 
The absence of field study limits our ability to assess how 
TIDAL effectively motivates individuals and whether is may 
lead to boredom over time which is a common concern with 
exercise interventions. Furthermore, we have not thoroughly 
investigated the privacy implications that may arise from the 
long-term use of TIDAL, specifically when presenting data 
in outdoor public space.

Our research initially focused on the perspective of 
runners during the exploration stage, considering they 
are the direct providers of data and the owners of data 
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physicalization. However, TIDAL is a service accessible 
to the public. Therefore understanding perspectives of pas-
sersby who serve as the audience for runners' data physicali-
zation, is necessary and valuable. It remains unclear whether 
TIDAL would engage the passersby in a real-life setting. 
As a result, our future research plans include conducting 
an in-the-wild study using a prototype developed with the 
insight gained from this preliminary study to examine its 
effects on motivation for physical activity for both runners 
and passersby.

7  Conclusion

In this paper, we introduced TIDAL, a concept integrating 
data physicalization with the physical environment to moti-
vate runners. Following the co-constructing stories method, 
we conducted semi-structured interviews with video pro-
totypes to explore whether and how our proposed inter-
vention could motivate outdoor runners. The encouraging 
results from qualitative study indicate that TIDAL has the 
potential to motivate outdoor running through physicalized 
rewards and enhance social impact through public exposure 
by integrating personal data with the public environment. 
Drawing from the insights gathered during the elaboration 
phase of co-constructing stories, we discussed the future 
opportunities for incorporating a data physicalization-based 
interactive environment to complement existing running 
technologies, and design considerations for further imple-
mentation. This research contributes to the expansion of data 
physicalization design into a more public and environmental 
context. Moreover, it provides a novel lens for urban design 
on promote physical activity.
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