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ABSTRACT
Running is a popular recreational sport, yet for many amateur
runners it remains challenging to turn intentions into sustainable
running behavior. Although the market offers a myriad of running-
related devices that aim to motivate runners, these often focus on
the training itself and not on overcoming the barriers experienced
prior to the run. A better understanding of these barriers to run-
ning is essential to identify design opportunities for technologies
supporting amateur runners. We conducted two complementary
studies among participants of a women-only running event. Com-
bining an online survey (N = 114) and a journey mapping activity
(N = 13), we investigated the influence of motivational barriers
and enablers in runners’ rituals. Based on our findings, we created
the Runner’s Journey, a visual narrative highlighting actionable de-
sign opportunities for running motivation technology. We propose
five design recommendations to overcome barriers among amateur
runners.

CCS CONCEPTS
• Human-centered computing; • Human computer interac-
tion; • HCI design and evaluation methods; • User studies;
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1 INTRODUCTION
Physical inactivity has become a major health concern. Conse-
quently, the awareness and importance of striving for an active
and healthy lifestyle within our society has increased [63]. This is
reflected in the growing popularity of recreational sports, especially
running [22]. As compared to other sports, running is character-
ized by its low threshold and its attractiveness for a wide range
of people [25, 54]. This heterogeneity among runners is also rep-
resented in the large numbers of traditional and themed running
events (e.g., ladies runs, business runs, survival runs). We however
see a high drop-out rate among amateur runners [28, 64], due to
running-related injuries andmotivational loss [22, 28, 64]. Although
many people start running, one of the main challenges remains to
translate intentions into actual long-term running behavior [52].
An important factor influencing this intention-behavior gap are
barriers and enablers experienced between making the intention
to go running on a day-to-day basis, and the actual running itself
[36, 46].

To support and motivate runners in their training, there has
been a significant increase in the development of running-related
devices [4, 22, 23]. Commercially developed running apps and
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wearable technologies, such as sports watches and activity track-
ers, enable quantified data tracking (e.g., pace, distance, route or
heart rate) [23]. These aim at making the training more enjoyable,
through music or social elements for instance, or at increasing
performance during the training [62]. In both cases, the main fo-
cus appears to be on the running training itself. Since the ability
to overcome barriers influences one’s adherence to exercise [36],
these in-the-moment strategies might not effectively support am-
ateur runners in overcoming motivational barriers experienced
beforehand. Understanding how amateur runners experience these
day-to-day barriers and enablers, and how this possibly affects
their potential runs, might be valuable to identify how design and
interactive technologies can better support runners beyond the run
itself.

The present research investigates the influence of motivational
barriers and enablers in runners’ rituals prior to, during and after
running. We sampled amateur runners of a women-only event,
known for its low-threshold and non-competitive character [64].
Based on the results of two complementary studies - a survey (N =
114) and a journey mapping activity (N = 13) - we contribute the
following: (i) insights into the influence of motivational barriers and
enablers in runners’ rituals (ii) five design recommendations, sup-
ported by a visual narrative of the Runner’s Journey. The Runner’s
Journey highlights actionable design opportunities prior to, dur-
ing and after a running session that caters to overcoming barriers
among amateur runners.

2 RELATEDWORK
In this related work section, we review prior literature in two areas:
barriers and facilitators to exercise and running-related interven-
tions.

2.1 Barriers and Enablers to Exercise
Barriers and enablers to exercise, play a significant role in one’s
adherence to exercise [40]. These factors have been investigated
in previous studies, mostly in the domains of preventive health,
sports, and psychology [20, 21, 40, 44]. Key factors identified as
hindering exercise are unfavorable weather conditions, lack of con-
fidence or self-efficacy, lack of social support (e.g., cancellation
of sports partner) or having other demands [40, 42, 44]. Enabling
factors found in empirical studies are maintaining an exercising
routine, self-commitment, anticipating positive feelings and so-
cial support [40, 42, 44]. Both barriers and facilitators are often
further categorized into internal and external factors. External fac-
tors are characterized as environmental and ‘out of one’s control’
(e.g., weather, lack of social support). In contrast, internal factors
are related to the individual themselves (e.g., lack of energy, past
experiences) [40]. A study by Daskapan et al. indicates that exter-
nal barriers are perceived more often than internal ones [5]. How
people experience and cope with these barriers and facilitators,
external or internal, influence the extent to which one successfully
turns positive intentions into exercise behavior [36, 46] and poten-
tially overcomes this ‘intention-behavior gap’ [55]. Interindividual
differences related to age or gender, yet also to existing medical
conditions or personality aspects such as self-efficacy, have been
identified [20, 51, 57] and studies often focus on one specific target
audience only.

Although the list of factors at play to enable or hinder exercise
motivation is well-documented in previous work [35, 40, 51], the
outcomes of these studies form an inventory of perceived and self-
reported barriers and enablers without offering actionable insights
for designers about what people do to overcome these. Failing to
overcome a barrier at one moment does not mean that people might
fail to overcome this barrier at a different moment or in a different
context. Why and when a barrier will result in skipping or engaging
in a running session thus remains unclear. The contextual factors
influencing barriers and enablers were investigated in a one-week
diary study among young women, emphasizing the complex con-
textual and temporal dynamics at play [42]. The results indicate
that, although more different types of barriers were perceived on
days where women were unsuccessful in realizing their exercise in-
tentions, barriers were still encountered on successful days. Further
research going beyond listings of barriers and enablers to exercise,
investigating how and when these factors are perceived, can help
to put these barriers and enablers in perspective. Through this, con-
crete pain points might be highlighted, which in turn can provide
actionable design opportunities to support people in turning their
exercise intentions into action.

2.2 Running-Related Interventions
In the field of Human-Computer Interaction, running-related in-
terventions to lower drop-out rates focus primarily on prevent-
ing running-related injuries by improving the running technique
[11, 18, 48]. In parallel, perseverance among recreational runners
is also stimulated through designs that provide performance and
competition stimuli during or after a running session [49]. How-
ever, runners respond quite differently to the above strategies: some
runners feel motivated [6, 30, 64], others report adverse effects [50].
Etkin et al. [9] even suggest that performance-driven interventions
can undermine the enjoyment of being physically active. Although
a segment of recreational runners might be encouraged by being
‘faster’ than others [64], several studies indicate that other types
of runners are rather driven by health, social support or physical
fitness [21, 23, 43, 64]. We see examples of how these drivers are
successfully stimulated through design, especially social support
[39, 45, 67]. In ‘RUFUS’, supporters were enabled to cheer for run-
ners participating in a running event from a distance [67], thus
relying on social support of friends and family. Another approach
was taken in ‘Jogging over a Distance’ [45], where support was
enabled among runners themselves through a facilitated social ex-
perience, in which runners could hear each other’s heartbeat. In
‘Social Fabric Fitness’, real-time run-tracking information was vi-
sualized on wearable displays, to support performance awareness
and in-situ motivation among runners of a running group [39].
While these examples were successful in stimulating in-situ motiva-
tion and perseverance, for the most part, technologies aimed here
to facilitate social support while running. However, lack of social
support is primarily encountered prior to the exercise, affecting
motivation negatively [51]. How technology can help amateur run-
ners overcome barriers perceived beforehand (such as lack of social
support) and positively influence the intention-behavior gap, needs
further research. In this paper, we first investigate the influence of
motivational barriers on amateur female runners. We then explore
the barriers and enablers in runners’ rituals and provide design
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recommendations to support amateur runners in translating their
running goals into actions.

3 METHOD
This work presents two complementary studies with the aim to
investigate the temporal and contextual dynamics of motivational
barriers and enablers that runners experience prior to, during and
after running. We combined a survey (N = 114) and a journey
mapping activity (N = 13). This mixed-method approach is used
to provide a more complete and comprehensive understanding of
how amateur runners perceive motivational barriers and enablers.
In the studies, we recruited participants of a women-only running
event that includes three distances: 5 km, 7.5 km, and 10 km. This
type of running event is known for its non-competitive and low-
threshold character, thus being attractive for amateur runners [61,
64]. Despite possibly having a clear goal setting of partaking at the
running event, previous studies also indicate that event-runners
still encounter motivational training barriers [22, 64]. By recruiting
participants in the context of a low threshold running event, we
targeted a rather homogeneous group of amateur runners.

4 STUDY 1
To investigate how barriers are perceived and explore if these lead to
skipping a running session or are easy to overcome, we conducted
a survey among participants of a popular women-only recreational
running event hosted in Eindhoven, the Netherlands. In this survey,
the goal was not only to see which barriers affect amateur runners
most, but to put these barriers in perspective and investigate the
design space of the intention-behavior gap for this target group.

4.1 Participants
All participants received an email from the event organizers two
days after the event, including a link to an online questionnaire.

In total, 114 participants completed the questionnaire, distributed
across different running distances: 5 km (n = 45), 7.5 km (n = 27),
10 km (n = 40), with a response rate of 11.4%. The participants were
diverse in age, with 21.6% of the participants aged 20-29, 24.7% aged
30-39, 34% aged 40-49, and almost19.6% above 50 years old. The
average age of the respondents was 39.8 years (SD = 11.3). 17.8%
of the participants indicated to run less than a year. 29% of the
participants indicated to run about one or two years. The other
53.3% participants indicated to run for more than three years. 47.7%
of the participants indicated to run 2 times a week in preparation
of the event, 31.8% of participants ran up to once a week. The
remaining participants ran more than twice a week (20.6%). 69.2%
of the participants indicated running as their primary or only sport.
For the remaining 30.8%, running was considered as an addition to
their primary sport.

4.2 Procedure and Materials
In the survey, respondents were presented with four scenarios,
each describing a potential barrier to go out for a run (Figure 1):
Scenario S1) running partner cancels on running training, Scenario
S2) poor weather conditions prior to the planned training, Scenario
S3) relaxing on the couch prior to the planned training, and Scenario
S4) experienced a stressful day prior to the planned training. The
scenarios are not intended to cover all possible barriers, but rather
to exemplify some common cases with varying degrees of user
control (e.g., no control over bad weather versus internal control in
the relaxing on couch scenario), chosen based on previous research
[5, 42, 64, 65].

First, participants had to indicate how often the presented sce-
nario occurred to them (occurrence). This question was set as a filter
question, so that participants replying “never” were not asked the 3
following questions (Figure 2). Second, respondents were asked to
indicate how often each of these potential scenarios were perceived

Figure 1: Four scenarios presenting possible barriers to go running

Figure 2: Flow of questions in the scenario-based survey
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Table 1: Descriptive statistics of the four scenarios questions

Scenario Question N Min Max Mean SD

S1
Partner cancelling

Occurrence 106 1 4 1.56 0.78
Barrier 42 1 5 1.98 0.78
Action 42 1 5 3.50 1.17
Satisfaction 43 1 5 4.51 0.77

S2
Bad weather

Occurrence 105 1 5 2.23 0.75
Barrier 93 1 5 2.22 0.78
Action 94 2 5 3.23 1.13
Satisfaction 94 2 5 4.25 0.80

S3
Relaxing on couch

Occurrence 104 1 5 1.93 1.00
Barrier 63 1 4 2.10 0.73
Action 63 2 5 3.38 1.04
Satisfaction 63 2 5 4.33 0.84

S4
Stressful day

Occurrence 103 1 5 2.56 1.14
Barrier 83 1 5 2.20 0.97
Action 85 1 5 3.49 1.15
Satisfaction 85 2 5 4.39 0.77

as barriers to go running for them (barrier). Third, how often they
still took the decision to go to their planned running session (ac-
tion). Finally, the last question inquired about their satisfaction after
running (satisfaction). The four questions were presented using a
5-point Likert scale format from 1 “never” to 5 “very often”, inspired
by previous research on barrier frequency [13, 53].

4.3 Results
We present descriptive statistics related to the four scenarios and
related variables (Table 1, Table 2).

4.3.1 Scenario Occurrence. Of the four presented scenarios, S4
Stressful day (M = 2.56, SD = 1.14) and S2 Bad weather (M = 2.23,

SD = 0.75) occurred on average the most frequently. A cancellation
of a S1 Running partner, was experienced less often among the
participants (M = 1.56, SD = 0.78). With 58.5% respondents replying
that it never occurs, one could also assume that some of them do
not have a running partner.

4.3.2 Barrier Occurrence. Most of the participants who declared
experiencing the situations presented in the scenarios at least some-
times considered them as potential barriers for running. S2 Bad
weather (M = 2.22, SD = 0.78), S4 Stressful day (M = 2.20, SD = 0.97)
and S3 Relaxing on couch (M = 2.10, SD = 0.73) were perceived
as a barrier more often than S1 Partner cancelling (M = 1.98, SD
= 0.78). For all the barriers, the most common answer option was

Table 2: Distribution of answers related to the four scenarios and related variables.

Scenario Question Never Sometimes Regularly Often Very Often

S1
Partner cancelling

Occurrence 58.5% 31.1% 6.6% 3.8% 0%
Barrier 21.4% 66.7% 7.1% 2.4% 2.4%
Action 2.4% 23.8% 19.0% 31.0% 23.8%
Satisfaction 2.3% 0% 2.3% 34.9% 60.5%

S2
Bad weather

Occurrence 9.5% 66.7% 16.2% 6.7% 1.0%
Barrier 9.7% 68.8% 14.0% 5.4% 2.2%
Action 0% 38.3% 16.0% 29.8% 16.0%
Satisfaction 0% 5.3% 6.4% 46.8% 41.5%

S3
Relaxing on couch

Occurrence 38.5% 42.3% 8.7% 8.7% 1.9%
Barrier 17.5% 60.3% 17.5% 4.8% 0.0%
Action 0% 22.2% 36.5% 22.2% 19.0%
Satisfaction 0% 6.3% 4.8% 38.1% 50.8%

S4
Stressful day

Occurrence 14.6% 45.6% 15.5% 17.5% 6.8%
Barrier 19.3% 56.6% 12.0% 8.4% 3.6%
Action 1.2% 25.9% 18.8% 30.6% 23.5%
Satisfaction 0% 3.5% 7.1% 36.5% 52.9%
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“sometimes” (ranging from 56.6% of responses for S4 to 68.8% for
S2).

4.3.3 Overcoming Barriers: Transforming Intention into Action. Bi-
variate correlation analyses were performed to study the relation-
ships between the variables of each scenario. Barrier and Action
were significantly and negatively correlated in all four scenarios,
with the highest correlations for S2 Bad weather (r = -.556, p<.000)
and S1 Partner cancelling (r = -.439, p<.000). The more frequently
bad weather or a partner cancelling are perceived as a barrier, the
less people tend to transform their intention into action. Correla-
tions for S3 Relaxing on couch (r = -.339, p<.000) and S4 Stressful
day are moderate (r = -.268, p<.000). More than half of the par-
ticipants who declared to experience S1 Partner cancelling or S4
Stressful day as a barrier, indicated to still go for a run “often” (31.0%
S1, 30.6% S4) or “very often” (23.8% S1, 23.5% S4). When experienc-
ing S2 Bad weather as a barrier, the most common option in terms
of action was to go running “sometimes” (38.3%).

4.3.4 Satisfaction. In all scenarios, the satisfaction level was higher
than 4 on average. Action and Satisfaction were significantly cor-
related in all four scenarios, with the highest correlation for S3
Relaxing on the couch (r = .543, p<.000). The more frequently S3
Relaxing on the couch was considered as a barrier to go running,
the more satisfied they are after they went running.

4.3.5 Socio Demographics. When studying socio-demographic
variables and their relation to obstacles and doubts, we see that
age is only correlated with having experienced S3 relaxing on the
couch (r = -.343, p < .000) or a S4 Stressful day (r = -.210, p < .000)
but not correlated to any variables related to intention or action.
These results suggest that it might not be relevant to differentiate
women according to their age when it comes to motivational strate-
gies pertaining to these factors and we will not consider age as a
relevant variable in this study.

4.4 Insights
Results of the first study underline that themoment prior to running
is of influence on the actual running session. In the results we see
moderate to high correlations between women considering the
scenarios as a Barrier and eventually turning their positive intention
intoAction. The results of Satisfaction, and the high correlation with
S3 Relaxing on the couch, also suggest that being able to overcome
an internally induced barrier might add to the feeling of satisfaction.
Overcoming external barriers might give slightly less satisfaction
since these are considered to be out of one’s control.

The results of the study also confirm that when someone per-
ceives a barrier, it does not always hinder one from running. Even
when considering a scenario as a barrier, there were still times when
that person went for a run. A barrier should thus not be systemat-
ically considered as a blocking issue, and this calls for additional
investigations on the conditions under which a barrier is blocking
or might be able to overcome. On a similar note, the relatively high
proportion of “sometimes” for all barriers hints at the fact that such
surveys, while common in the literature, do not reflect the complex-
ity of barriers and enablers experienced prior to exercising, and
their impact on turning intentions into actions. To understand the
interplay between contextual elements and factors playing a role

Figure 3: Participant visualizing her session by use of the
mapping board

in the decision-making process besides the presented barriers, we
combined our survey with qualitative research on runners’ rituals.

5 STUDY 2
The first study suggests that when someone experiences a barrier,
it does not automatically mean one will cancel the running session.
How factors or contextual elements play a role in this decision-
making process is still unclear and is difficult to assess in-depth with
a survey. Because the investigated barriers in Study 1 were rather
generic, gaining a more thorough understanding to address specific
dilemmas was an essential endeavor. In Study 2, we conducted a
journey mapping activity [27] to gain in-depth insights into the
mechanisms behind barriers and enablers. To structure the activity,
we provided participants with a journey mapping board along with
32 accompanying tokens representing daily and running-related
actions on pictograms (Figure 3). By using the board, it was possible
to easily compare the outcomes of the journey maps among the
participants.

5.1 Participants
Themapping activity was held with 13 participants recruited during
a non-performance women-only running event, distributed across
different running distances: 5 km (n = 8), 7.5 km (n = 2), 10 km (n
= 3). These participants were different participants than those who
completed the survey of Study 1. The participants were diverse in
age, with five (P6, P7, P9, P12, P13) between age range 20-29, five
aged 30-39 (P1, P2, P3, P10, P11), and three above 40 years old (P4,
P5, P8). About half of the participants did run for over a year, the
others for 3 months or less (P2, P5) or between 3-6 months (P9,
P13). Except for two participants (P13, P11) training less often, all
women run 2 times a week in preparation of the event. Half of the
participants indicated running was not their primary sport and was
considered as something additional to their other sport.

5.2 Material and Procedure
The mapping board allowed participants to create a complete
overview of their activities prior to, during and after a running
session. We decided to first map the activity journeys to later focus
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Figure 4: Example of activity mapping board of P9 reporting on her journey

on specific pain points indicated by participants. Participants placed
the tokens on a timeline to sketch their activities and represent
their individual running journey. The tokens varied from running-
related characteristics (e.g., running individually or with a partner,
wearing an activity tracker, running with music) to more general
activities (e.g., showering, looking into the mirror, getting dressed,
relaxing on the couch), and included the four variables presented
in Study 1. Besides using the tokens, participants could add new ac-
tivities with a marker. To get more insights on how these activities
acted as barriers or enablers, participants were asked to elaborate
on that verbally. Finally, we asked participants to draw a graph
of how they felt during and after their run (“emotion timeline”)
and to relate this graph to the activities presented on the action
timeline. An example of a participant’s mapping board is shown
(Figure 4).

During the mapping activity, the researcher acted as a moderator,
using open-ended questions and inviting participants to think aloud.
The journey mapping activity lasted approximately 15 minutes.
Audio was recorded and transcribed and the participant’s reported
journeys were captured after each session. The transcriptions of the
interviews were manually coded based on a coding framework that
was developed inductively, searching for overlapping patterns and
similarities. Additionally, a content analysis of verbatims through
the lens of emotion families was conducted by the first author
using the Positive Emotional Granularity Cards [68] and Negative
Emotion Typology [10]. The coding frame and the content analyses
were checked by the members of the research team.

5.3 Results
We identified several patterns comparing the different phases of the
run (Figure 5), and participants reported the emotions associated
to their activities.

5.3.1 Planning of the Run. Results show different patterns related
to the planning of running sessions. Some participants indicated
having ‘fixed’ days to go running, while others were used to set
the intention to go the day before: “I always prepare my clothes one
day before” – P8. A third group of participants indicated to decide
on the day itself: “I decide to go running in the morning. Most of the

times when I intend to go running I go immediately in the morning
otherwise the chance exists I’m not going anymore” – P13 or even
throughout the day: “I don’t wake up and think: I’m going to run
today. The moment I decide is often throughout the day” – P11.

5.3.2 Rituals Prior to Running. An analysis of ritual elements prior
to running showed similarities among the participants. Twelve
participants out of 13 indicated to change their hair in a more
convenient hairstyle, like a ponytail or a bun. For five of them,
this was accompanied by putting on more deodorant and for a
few, a moment to retouch their make-up. One of the participants
apologized for these rituals: “Oh that’s so bad, I’m such a vain runner”
– P11

A vast majority (12 out of 13) also indicated to take an extra look
in the mirror before heading out for running. This happens often
after they have changed into their running gear (clothes and shoes).
One woman emphasized how she gains strength and confidence
from this ritual: “I look in the mirror to gain a bit of power.”- P8

Data also shows that 11 out of 13 participants mentioned being
hesitant prior to their run (varying from “sometimes” to “very
often”) and that these doubts disappeared right before or while
they got dressed, as illustrated by the following quotes. “The doubts
disappear right before I’m getting dressed because when you are
dressed, you will go”- P9, “Once I’m dressed, the doubts aren’t high
anymore” - P4, “When I’m dressed is when I’m certain I will go. Before
that I collect all my courage to go” – P13

From these participants, seven noted that these doubts already
occur for a long period prior to the run - “I experience doubts over
the entire day, until the moment I decide to get dressed”– P10. Or that
they were hesitating due to the planning of the partner: “Depending
on when my partner gets home to take care of the children, I’m able
to go for my run.” – P11

Four other women indicated that doubts did not arise until right
before the moment they got dressed and they use a personal mantra
to motivate themselves and overcome these doubts: “Getting dressed
is the hardest. Once I’m in my sports gear, I say to myself; Okay, I’m
wearing my clothes, so I will go out the door and then I’m going to
run”– P6 “I just think to myself like; I need to go. So that is what I say
to myself: I just have to go” – P10
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Figure 5: Running Journey of P8 and P11, highlighting the moments when they decide to go running

Only one participant indicated that she never experienced doubts
beforehand because she had a special reason to participate in this
running event that raised money for breast cancer: “I never hesitate
to go running, because I really have a good goal. I started 12 weeks
ago and one of my friends has breast cancer and when I saw this event
I was like; I’m going to do this! When I couldn’t even run for one meter
yet.”– P5

5.3.3 During the Running Session. The participants sketched their
running session using the following elements in their journeys:
planning their route, listening to music, making use of an activity
tracker or phone, running individually or with a running partner,
and activities such as stretching. In total, twelve participants carry
their phone while running, of which seven participants also wear
an activity tracker. Only one participant ran without tracking the
run: “I just go running with my music and I keep track of the time
and that’s it” – P11

Eight participants are running without a predetermined route,
with almost all participants who indicated to run individually being
in this category. Ten participants specified that they also include
stretching in their session: half did it before, half did it after running.
This was not related to the fact of running individually or with a
partner.

Several participants reported feeling frustrated and insecure
during the run itself: “When I run in a group, I don’t feel good during
the run: I do my best for full 1000% but I’m always last, I try to see
improvement but I really get desperate that people of 80 pass me by
while I’m so tired I even get nauseous” - P8. These feelings were
especially present at the start of the effort, yet turned into more
positive feelings, such as feeling energetic, towards the end of the
run.

5.3.4 After the Running Session. Almost all participants indicated
feeling good, happy or more fit after they went for a run: “After run-
ning, I’m always proud of myself. It differs during running. Sometimes
I’m like, this feels good and sometimes I’m like, what am I doing?”
– P10. However, 8 out of 13 participants explicitly stressed that
this rewarding feeling appears after the run only: “Afterwards I feel
really good. While running not really, not in the beginning at least” –

P4, “During running I think like; why am I doing this to myself but
afterwards I really feel fit” – P11 “Especially after, during the run a
bit as well, but especially after the run” - P9

When asked how long this feeling lasts, one woman noted that
this depends on the actions she does afterwards: “It depends how
long this rewarding feeling remains, if I open up a bag of chips then
it goes down again” – P10

Of the five participants who already started to feel good during
the run, four indicated to run with a predetermined route. Of the
eight women who started to feel good only after the run, seven
women run without a predetermined route.

Only one of the participants who runs individually (out of five)
indicated to feel good during the run. The other four were running
with a partner, this is half of the women who were running with
a partner. Seven out of 13 participants indicated to relax on the
couch after their run rather than doing other activities (e.g., eating,
showering). Except for one, all these women indicated to not feel
good during their running session.

Further analysis of the data also shows that a majority of par-
ticipants, 10 out of 13, shared their running achievements with
someone (via WhatsApp, Snapchat, Strava and/or in-person with a
friend or partner). This includes all the participants who run indi-
vidually. The two participants who always run with a partner do
not share their session with others.

5.3.5 Emotion Analysis. By using the Positive Emotional Granular-
ity Cards [68] and Negative Emotion Typology [10], we conducted
a content analysis of the results of study 2 through the lens of
emotions. We present each emotion family with its related valence
and definition, as well as an illustrative verbatim and the phase in
which it occurs (Table 3).

6 THE RUNNER’S JOURNEY
Aggregating our findings, we created the Runner’s journey (Figure
6), a visual representation of our participants’ rituals articulating
the different stages of the journey along with actions, thoughts and
emotions. Journey mapping is a designerly way to communicate
participants experiences and pain points, and mine these for design
opportunities [60]. This approach is originally a service design
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Table 3: Emotion families described with the valence, definition [10, 68], illustrative quotes and phase

Emotions Valence Definition Illustrative Quote Phase

Anticipation + to eagerly await an anticipated desirable event
that is expected to happen

Every time I notice I become fitter while
running, so then I also feel fitter and then I
want to pursue that – P9

Planning

Doubt - the feeling when you have to do something,
but there is more than one course of action to
choose from. You don’t know which option
you should choose

I experience doubts over the entire day, until
the moment I decide to get dressed - P10

Getting
Ready

Courage + to experience mental or moral strength to
persevere and withstand danger or difficulties

I look in the mirror to gain a bit of power. - P8 Pre-
running
Ritual

Confidence + to experience mental or moral strength to
withstand or cope with the situation

Once I’m in my sports gear, I say to myself;
Okay, I’m wearing my clothes, so I will go out
the door and then I’m going to run – P6

Pre-
running
Ritual

Frustration - the feeling when you want to achieve
something, but find your action blocked

When I run in a group, I don’t feel good
during the run: I do my best for full 1000% but
I’m always last, I try to see improvement but I
really get desperate that people of 80 pass me
by while I’m so tired I even get nauseous - P8

Running

Insecurity - the feeling when you are uncertain about their
ability to do something or to measure up to a
certain standard

During running I think like “why am I doing
this to myself?” - P11

Running

Energetic + to enjoy a high-spirited state of being
energized or vitalized

Sometimes I’m like, “this feels good!” - P10 Running

Satisfaction + to enjoy the recent fulfillment of a need or
desire

Afterwards I feel really good. While running
not really, not in the beginning at least - P4

After
Running

Pride + experience an enjoyable sense of self-worth or
achievement

After running, I’m always proud of myself -
P10

After
Running

Relaxation + to enjoy the recent removal of stress or
discomfort

When I get home from running I really take it
easy and I only take a shower 2 hours after –
P8

Post-
running
Ritual

Guilt - the feeling when you think you have done
harm to someone. You blame yourself and
cannot stop thinking about this

It depends how long this rewarding feeling
remains, if I open up a bag of chips then it
goes down again - P10

During
the Day

method, used by design practitioners to synthesize the findings
of user research and communicate with the team, to eventually
empathize, ideate and find actionable solutions to the presented
pain points [33, 60].

Previous design research related to sports and exercise mainly
focuses on the exercise itself [62] and offers a limited perspective
on the motivational challenges prior to or after exercising. The
results of our studies suggest that a broader perspective towards
running in everyday life rituals is needed, since the phases prior to
and after the run influence the run itself. We thus distinguish three
stages in the Runner’s Journey: Before, During and After running.
In this figure, we visualize the running timeline including runners’
steps and actions. In Study 2, we identified positive and negative
emotions [10, 68] experienced by the participants through their
journey. To indicate the strength of emotions, expressed by either

the occurrences or emphasis put on a specific emotion family during
the mapping activity, we visualize the emotions through curves.
Illustrative quotes representing these emotions are presented in the
top layer of the Runner’s Journey under the label “thoughts”.

Along with our multidisciplinary research team (composed of re-
searchers and students in industrial and UX design, psychology and
sport studies), we used the Runner’s journey and the underlying
narrative as a source of inspiration. We brainstormed on design op-
portunities and made first explorations of the design space, which
we developed further by adopting a Research-through-Design (RtD)
approach [69]. Five design concepts are used as illustrative cases in
the discussion section, of which four were designed at the depart-
ment of Industrial Design, Eindhoven University of Technology.
Design recommendations derived from these design processes are
visualized at the bottom of the Runner’s Journey.
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Figure 6: The Runner’s Journey, a narrative visualizing turning points of emotions and actions over time

7 DISCUSSION AND DESIGN
RECOMMENDATIONS

In this section, we discuss findings and recommendations supported
by the Runner’s Journey in light of previous work. We propose five
design recommendations that make use of identified opportunities
prior to, during and after a running session. These recommenda-
tions focus on supporting runners in overcoming barriers or on the
reinforcement of facilitators. We exemplify them through design
examples and explain how theories in design or sport psychology
can help address these. These design examples are not suggested
as the ‘right’ solutions addressing the design recommendations,
yet are illustrations meant to bolster the recommendations and to
inspire further ideas.

7.1 Guiding Self-Talk to Overcome Doubts
prior to the Run

Going for a run is part of a goal-setting process that is sometimes
initiated days in advance under the form of an intention, which is
pending until someone turns it into action and goes for a run. At any
moment, unexpected information such as weather reports, cancella-
tions of co-runners or a runner’s perception of their own well-being
can influence this decision process [40, 42, 44, 65]. Although the

Runner’s Journey shows that the planning of a running session of-
ten begins with positive anticipation feelings, this is often followed
by feelings of doubt expressed under the form of self-talk. Self-talk
is defined as “a dialogue in which an individual interprets feelings
and perceptions, regulates and changes evaluations and convictions,
and gives himself/herself instructions and reinforcement” [16]. As
seen in study 2, the runner questions herself whether she should
stay or should go. In sport psychology, self-talk is used for both
motivational (e.g., arousal or drive) and cognitive purposes. Several
exercisers indicated using self-talk in order to talk themselves into
going to their workouts (“that is what I say to myself: I just have to
go” - P10) and this appears as an important tool for encouraging
individuals to exercise [12]. In these moments, runners counter-
weigh the expected benefits against the perceived barriers from
running [40, 42]. An important design challenge lays in shifting
this self-talk towards the anticipated benefits of running instead
of the perceived barriers, as well as influencing the valence of the
self-talk content from doubt to confidence. Currently, some runners
do this already by using a personal mantra to motivate themselves
by encouraging positive emotions (like courage, energy and con-
fidence). The anticipated benefits of running can be amplified in
self-talk through design.
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Figure 7: The sports buddy stimulates positive self-talk by reminding users of their goals and anticipated feelings of satisfac-
tion. Design by Alynne de Haan, supervised by Daphne Menheere & Carine Lallemand

Design recommendation 1: Guide self-talk and reinforce the
anticipated reward of running through design

Illustrative design concept: An interactive sports buddy starting
this dialogue (Figure 7) might help shifting this self-talk to an ac-
tual one, stimulating anticipation feelings and thus contributing to
outweighing enablers over barriers. To measure whether the buddy
is being held, the Hexiwear prototyping tool can be used, with an
integrated accelerometer, vibration motor, Bluetooth low energy
and a built-in battery. Another strategy could consist of decreas-
ing the amount of negative self-talk [17] through an interactive
device supporting self-awareness and reverse listing those negative
thoughts.

7.2 Supporting Running Preparation Rituals
The Runner’s Journey illustrates that the doubts experienced prior
to the running session have a certain time span; they do not just
appear at one moment. A clear tipping point in the narrative is
visible during the Pre-Rituals phase prior to the session, where after
getting dressed, the likelihood of going for a run is high (“when
you are dressed, you will go”- P9). This preparation phase entails the
highest amount of doubts and contains different personal rituals.
This offers many opportune moments for a design intervention: as
emphasized through the mapping activity and in line with previous
work [42], several objects are embedded into the pre-running rituals,
such as the mirror (“I look in the mirror to gain a bit of power” -
P8), the closet or the sports clothes (“I always prepare my clothes
one day before” - P8). Lowering the threshold of doing these rituals
or even making them more pleasurable to do, could in turn lower

the threshold to go running. It is possible to provoke curiosity
or turn interactions like getting dressed into a game, which is
a successful intention to action strategy highlighted in previous
research [37]. In design, the aesthetics of friction and underlying
concept of Pleasurable Troublemakers can also offer a relevant
direction to support running preparation rituals. In ‘Keymoment’
by Laschke et al. [34], a key holder suggestively let the bicycle key
fall on the ground as the car key are taken, thus disrupting the
routine and offering an alternative in line with an ideal self. In the
running context, the preparation phase seems to be under-explored
by designers yet; although users described it as a tipping point to
go running or not.

Design recommendation 2: Make the preparation rituals more
interesting or pleasurable through design

Illustrative design concept: An interactive clothes hanger that
persuades the user to change into their sports outfit (Figure 8).
The user hangs their sports clothes on the hanger, which detects
running intentions via a connection to the users’ calendar. Along
the day, the hanger will slowly start shrinking by connecting the
arms of the hanger to servomotors. If the user takes off the clothes
to go exercising, a motivational quote will appear on an integrated
e-ink screen. However, whenever the sports clothes are not taken
off on time, the size of the hanger will reach a point where the
sports clothes fall on the ground.

7.3 Imagining the Running Session Beforehand
In the Runner’s Journey, we see that runners feel energetic towards
the end of the running session, usually after overcoming frustration

Figure 8: The interactive clothes hanger is a pleasurable troublemaker, acting during the preparation ritual. Design by Alynne
de Haan, supervised by Daphne Menheere & Carine Lallemand
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Figure 9: The multisensorial running artefact triggers exercise imagery to help runners visualize their session beforehand.
Design by Marleen Luijten, Floren van Barlingen & Midas Zegers, supervised by Daphne Menheere & Carine Lallemand

and insecurity. Reminding runners of this good feeling prior to the
session could thus be a positive endeavor to overcome barriers.
Sport psychology introduced a powerful intervention technique
to stimulate this energetic feeling, called ‘exercise imagery’ [19].
Exercise imagery is originally used by athletes to enhance their
performance by mentally visualizing their session beforehand. Yet
it can also make a beneficial contribution to exercise participation
among sedentary individuals [32]. In recreational sports, exercis-
ers may imagine themselves participating in exercise, enjoying
their workouts, and achieving their desired exercise goals upfront.
Within exercise imagery, ‘energy imagery’ refers to mental im-
ages related with increased energetic feelings and stress relief [14].
To trigger imagery, different sensations like hearing (e.g., one’s
footsteps on various types of soil) and seeing (e.g., the scenery of
the run) may be encouraged [19]. While the cognitive aspects of
exercise imagery have led to technological development, such as
computer-aided imagery [47], the component related to feelings is
currently underexplored in technology design, especially for recre-
ational exercisers. Through design, the positive sensations related
to running can be triggered on moments beyond the run itself, and
eventually stimulate energy imagery.

Design recommendation 3: Provide tools to help runners visu-
alize their running session beforehand

Illustrative design concept: A multisensory object that triggers
sensations related to one’s personal running experience (Figure 9).
In between runs, the object will play the sound of your footsteps
and environment depending on the previous running route. The
object will also diffuse nature-related scents (e.g. trees, mud, grass)
and use light patterns to trigger running imagery.

7.4 Overcoming Negative Emotions while
Running

The Runner’s Journey portrays a mixture of negative (frustration
and insecurity) and positive emotions (energetic) during the run-
ning stage. Even when the runner turns their positive intentions
into action, the run itself might still be considered as a burden (e.g.,
nauseous, too hard). This is in line with previous research indicat-
ing exercising can be considered as a short-term cost [7, 8, 56],
which might adverse the enjoyment of running itself [38]. Al-
though this challenge has been previously addressed in HCI re-
search [1, 18, 24, 45, 66, 70], further explorations on how to leverage
that critical phase of the Runner’s Journey can be pursued. Our

findings emphasized that these detractors might result in the cancel-
lation of the training, when anticipation of negative emotions might
overshadow the positive emotions experienced right before. Since
people’s expectations influence new experiences, being positive
can increase the likelihood of a positive experience. This so-called
placebo effect has been successfully influencing exercise behavior
before [2], indicating the importance of such a mind-set shift during
running.

Design recommendation 4: Help runners overcome negative
emotions, like frustration and insecurity, experiencedwhile running
through design

Illustrative design concept: An existing concept on the market
addressing that design challenge is ‘Zombies Run!’ [70], a gamified
application immersing the runner in a post-apocalyptic environ-
ment. Hearing their mission and music through headphones, the
player must avoid zombies and collect goods to survive. Gamify-
ing the running effort transforms negative emotions into positive
feelings.

7.5 Prolonging Reward Feelings through Slow
Reward Mechanisms

The Runner’s Journey emphasizes the high satisfaction and pride
feelings runners retained from running. Whereas these feelings are
strong right after the end of a session (“after running, I’m always so
proud of myself ” – P10), they quickly fade over the course of the day.
An opportunity would be tomake these feelings last longer, possibly
carrying into the next preparation phase of a running session. This
is described as a “slower reward mechanism” by Stusak et al. [58],
who designed activity sculptures – 3D printed physical visualization
of running data - provided feedback on the run with a delay of
two days. By incorporating this delay, participants were reminded
of their proud feeling again, making this feeling last longer. By
realizing a “slower reward mechanism” the timeline of the running
session is also stretched, making it unclear when a session ends and
begins again, or maybe overlaps. This is an interesting perspective
as compared to the continuous stream of data provided by current
applications, being just a glance away [15]. Here, slow reward
mechanisms or delayed feedback offer the possibility of anticipation
and speculation of the feedback and enable to focus on the present
activities [29, 59]. Shape-changing interfaces allow for this type of
delayed feedback mechanism thanks to their dynamic, tangible and
long-term interaction opportunities [3].
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Figure 10: The shape-changing art piece includes a slow reward mechanism, providing exercising feedback over the course of
two days. Design by Mads Birkebæk & Evianne van Hartingsveldt, supervised by Daphne Menheere & Carine Lallemand

Design recommendation 5: Design for ‘slower reward mecha-
nisms’ to encourage a prolonged reward feeling of running

Illustrative design concept: An art piece, including a shape-
changing interface, visualizing previous running routes over two
days (Figure 10). Connected to the user’s fitness activity platform,
the art piece changes shape, creating a data physicalization pattern
related to the last running route. To change shape, a linear actuator
motor is controlled by two stepper motors, pushing out the individ-
ual pins. By visualizing the stacked routes, runners are encouraged
to adjust their art piece by going to further runs, perhaps taking
other paths.

Eventually, the Runner’s Journey is a cyclic process, where re-
warding feelings after the run and anticipation feelings prior to
the next run connect. In the long term, the positive consequences
of exercising further reinforce the motivation to run and reduce
the influence of barriers: “Every time I notice I become fitter while
running, so then I also feel fitter and then I want to pursue that” – P9.

7.6 Additional Insights
Further insights can be derived from the Runner’s journey, which
are not emphasized in our recommendations. This is the case for
social support as an enabler, visible in the post-running rituals
of sharing achievements on social network, as well as the barrier
provoked by the cancellation of a running partner. Social aspects
are already covered quite well in running technology, especially
in smartphone apps and social networks. They could be further
explored when it comes to the design of tangible running devices,
as illustrated by the Grace bracelet of Menheere et al. [41], which
enables to share exercise intentions with friends who in turn send
encouraging non-textual signals. Away from text messages or sup-
portive emojis, this design exploration using tangible interactions
modalities also stresses the importance of the aesthetics of interac-
tion (e.g., design for gracefulness) as a motivator and call for further
research in this area.

Relying on family support, TickTockRun by Knaving and Wóz-
niak [31] provides a screen-based data visual of tracked running
and daily activities to stimulate discussions within a household.
The success and wide adoption of activity tracking technology, as
observed in Study 2 and aligned with current market studies, should
be regarded as an opportunity for designers. User-generated data
can be used as a valuable input: the interactive devices we design
will thus easily be aware of users’ behaviors, their progress or the

disruption of their running routine. This awareness can be used
to provide tailored feedback and encouragement at the opportune
time, as illustrated through our examples of the shape-changing
art piece using data physicalization or the multisensorial artefact
that triggers exercise imagery, both being based on data extracted
from the running platform account of the users.

8 LIMITATIONS
Our studies entail some limitations. As part of our sampling strat-
egy, we selected participants in a women-only running event. Yet
these runners might not be representative of all runners experienc-
ing motivational loss: first by presumably representing only one
gender identity on the gender spectrum, second because they had
a clear goal setting to participate in a running event and achieved
their objective. Our participants nevertheless experienced barriers
prior to their running sessions, which sometimes hindered them
from going for their run. If these barriers are experienced within
this group of runners, we can assume an even stronger experience
of barriers and doubts among runners without clear goal setting
strategies. Relying solely on retrospective self-reported data is an-
other limitation of the present studies, which do not inform on
participants’ actual running adherence. Although the Runner’s
Journey was based on the two presented studies, the first study
was limited in insights, but acted as a preliminary step to gain a
more thorough understanding and address specific dilemmas in
the second study. Through the design explorations and concepts
which we developed and prototyped, we intend to investigate the
topic in-situ to further understand how contextual factors influence
barriers and facilitators, and to which extent these prevent amateur
runners from turning their intentions into actions.

9 CONCLUSION
In the present paper, we combined an online survey and a journey
mapping activity to investigate the influence of motivational barri-
ers and enablers in amateur runners’ rituals. Based on our findings,
we created the Runner’s Journey, a visual narrative highlighting
actionable design opportunities for running motivation technol-
ogy. We propose five design recommendations for the design of
technology aimed at overcoming barriers among amateur runners
and illustrate how these can lead to interesting design concepts.
Although the market offers a myriad of running-related devices
that aim to motivate runners during the run, the needs are high to
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support amateur runners prior to exercising. The goal is to support
exercising motivation and to reduce unhealthy sedentary behav-
iors, thereby complementing existing families of interventions to
increase physical activity [26] with more specific and tailored in-
dividual design interventions. We encourage the HCI and design
community to use our insights to develop and test new interactive
devices to achieve these objectives.

ACKNOWLEDGMENTS
We would like to thank all the participants who contributed to this
study. Additionally, we also thank Ida Damen for her worthwhile
comments on the paper, as well as the talented students from the
TU/e Vitality Squad supervised by Daphne Menheere and Carine
Lallemand on the creative projects described in the paper: Alynne de
Haan, Yvonne Bruin, Jorg Eikens, Lynne de Kluizenaar, Roos Vlaar,
Marleen Luijten, Floren van Barlingen, Midas Zegers, Evianne van
Hartingsveldt and Mads Birkebæk. This work is part of the project
Nano4Sports, which is financed by Interreg Vlaanderen-Nederland.

REFERENCES
[1] Jacob T Biehl. 2006. DJogger: AMobile DynamicMusic Device. In CHI’06 Extended

Abstracts on Human Factors in Computing Systems, 556–561.
[2] Alia J. Crum and Ellen J. Langer. 2007. Mind-set matters: Exercise and the placebo

effect. Psychological Science 18, 2: 165–171. https://doi.org/10.1111/j.1467-9280.
2007.01867.x

[3] Marcelo Coelho and Jamie Zigelbaum. 2011. Shape- changing interfaces. Personal
and Ubiquitous Computing 15, 2: 161–173. https://doi.org/10.1007/s00779-010-
0311-y

[4] Joan Martine Dallinga, Matthijs Mennes, Laurence Alpay, Harmen Bijwaard,
and Marije Baart De La Faille-Deutekom. 2015. App use, physical activity and
healthy lifestyle: A cross sectional study. BMC Public Health 15, 1: 1–9. https:
//doi.org/10.1186/s12889-015-2165-8

[5] Arzu Daskapan, Emine Handan Tuzun, and Levent Eker. 2006. Perceived barriers
to physical activity in university students. Journal of Sports Science and Medicine
5, 4: 615–620

[6] Robert O. Deaner, Kevin S. Masters, Benjamin M. Ogles, and Rick A. Lacaille.
2011. Marathon Performance as a Predictor of Competitiveness and Training in
Men and Women. Journal of Sport Behaviour 34, 4: 325–342.

[7] Benedicte I. Deforche, Ilse M. De Bourdeaudhuij, and Ann P. Tanghe. 2006. At-
titude toward physical activity in normal-weight, overweight and obese ado-
lescents. Journal of Adolescent Health 38, 5: 560–568. https://doi.org/10.1016/j.
jadohealth.2005.01.015

[8] William Ebben and Laura Brudzynski. 2008. Motivations and Barriers To Exercise
Among College Students. Journal of Exercise Physiology 11, 8: 1–11. https://doi.
org/10.1519/JSC.0b013e3181874564

[9] Jordan Etkin. 2016. The Hidden Cost of Personal Quantification. Journal of Con-
sumer Research 42, 6: 967–984. https://doi.org/10.1093/jcr/ucv095

[10] Steven F. Fokkinga, Deger Ozkaramanli, Pieter Desmet, Agneta Fischer and Disa
Sauter. Website of Negative Emotion Typology. https://www.emotiontypology.
com/, accessed on 3 May 2020

[11] Jutta Fortmann, Martin Büscher, Marco Mittelsdorf, Stefan Trienen, Martin Pielot,
and Suzanne Boll. 2012. PaceGuard: Improving Running Cadence by Real-time
Auditory Feedback. 5–10.

[12] Kimberley L. Gammage, James Hardy, and Craig R. Hall. 2001. A description
of self-talk in exercise. Psychology of Sport and Exercise 2, 4: 233–247. https:
//doi.org/10.1016/S1469-0292(01)00011-5

[13] Anne W. Garcia, Mary Ann N. Broda, Marilyn Frenn, Cynthia Coviak, Nola
J. Pender, and David L. Ronis. 1995. Gender and developmental differences in
exercise beliefs among youth and prediction of their exercise behavior. Journal
of school health, 65 (6), 213-219.

[14] Peter Giacobbi Jr, Heather Hausenblas, Elizabeth Fallon, and Craig Hall. 2010.
Journal of Applied Sport Psychology Even More About Exercise Imagery: A
Grounded Theory of Exercise Imagery. Psychology 3200, December 2011: 37–41.
https://doi.org/10.1080/10413200390213858

[15] Rúben Gouveia, Fábio Pereira, Evangelos Karapanos, Sean A. Munson, and Marc
Hassenzahl. 2016. Exploring the design space of glanceable feedback for physical
activity trackers. UbiComp 2016 - Proceedings of the 2016 ACM International
Joint Conference on Pervasive and Ubiquitous Computing: 144–155. https://doi.
org/10.1145/2971648.2971754

[16] Dieter Hackfort and Peter Schwenkmezger. 1993. Anxiety In RN Singer, M. Mur-
phey, and LK Tennant (Eds.). Handbook of research on sport psychology (pp.
328–364).

[17] James Hardy, Ross Roberts, and Lew Hardy. 2009. Awareness and motivation to
change negative self-talk. Sport Psychologist 23, 4: 435–450. https://doi.org/10.
1123/tsp.23.4.435

[18] Mahmoud Hassan, Florian Daiber, Frederik Wiehr, Felix Kosmalla, and Antonio
Krüger. 2017. FootStriker: An EMS-based Foot Strike Assistant for Running. Pro-
ceedings of the ACM on Interactive, Mobile, Wearable and Ubiquitous Technologies
(IMWUT)1, 1: 2:1-2:18. https://doi.org/10.1145/3053332

[19] Heather A. Hausenblas, Craig R. Hall, Krista J. Munroe, and Wendy M. Rodgers.
1999. Exercise imagery: Its nature and measurement. Journal of Applied Sport
Psychology 11, 2: 171–180. https://doi.org/10.1080/10413209908404198

[20] Margot Hickey and Susan Mason. 2017. Age and gender differences in participa-
tion rates, motivators for, and barriers to exercise. Modern Psychological Studies
22, 2: 3.

[21] David V.B. James, Lynne H. Johnston, Diane Crone, Adrienne H. Sidford, Chris
Gidlow, Clare Morris, and Charlie Foster. 2008. Factors associated with physical
activity referral uptake and participation. Journal of Sports Sciences 26, 2: 217–224.
https://doi.org/10.1080/02640410701468863

[22] Mark Janssen, Jeroen Scheerder, Erik Thibaut, Aarnout Brombacher, and Steven
Vos. 2017. Who uses running apps and sports watches? Determinants and con-
sumer profiles of event runners’ usage of running-related smartphone applica-
tions and sports watches. PLoS ONE 12,7:1–17. https://doi.org/10.1371/journal.
pone.0181167

[23] Mark Janssen, Ruben Walravens, Erik Thibaut, Jeroen Scheerder, Aarnout Brom-
bacher, and Steven Vos. 2020. Understanding different types of recreational
runners and how they use running-related technology. International Journal
of Environmental Research and Public Health 17, 7. https://doi.org/10.3390/
ijerph17072276

[24] Mads Møller Jensen and Florian Floyd Mueller. 2014. Running with technology:
Where are we heading? In Proceedings of the 26th Australian Computer-Human
Interaction Conference on Designing Futures: the Future of Design, 527–530.

[25] Jonatan Jungmalm, Stefan Grau, Pia Desai, Jon Karlsson, and Rasmus Østergaard
Nielsen. 2018. Study protocol of a 52-week Prospective Running INjury study
in Gothenburg (SPRING). BMJ Open Sport and Exercise Medicine 4, 1: 1–8. https:
//doi.org/10.1136/bmjsem-2018-000394

[26] Emily B Kahn, Leigh T Ramsey, Ross C Brownson, Gregory W Heath, Elizabeth
H Howze, Kenneth E Powell, Elaine J Stone, Mummy W Rajab, and Phaedra
Corso. 2002. The Effectiveness of Interventions to Increase Physical Activity A
Systematic Review and the Task Force on Community Preventive Services. Am J
Prev Med 22, 4S: 73–108.

[27] Jim Kalbach. 2016. Mapping experiences: A complete guide to creating value
through journeys, blueprints, and diagrams. " O’Reilly Media, Inc.".

[28] Ellen Kemler, Donna Blokland, Frank Backx, and Bionka Huisstede. 2018. Differ-
ences in injury risk and characteristics of injuries between novice and experi-
enced runners over a 4-year period. The Physician and Sportsmedicine 00, 00: 1–7.
https://doi.org/10.1080/00913847.2018.1507410

[29] Rohit Ashok Khot, Simon Stusak, Andreas Butz, and Florian ‘Floyd’ Mueller. 2017.
10 Design Themes for Creating 3D Printed Physical Representations of Physical
Activity Data. In IFIP Conference on Human- Computer Interaction (pp. 85-105).
Springer, Cham.

[30] Kristina Knaving, PawełWołniak, Morten Fjeld, and Staffan Björk. 2015. Flow is
Not Enough: Understanding the Needs of Advanced Amateur Runners to Design
Motivation Technology. In Proceedings of the 33rd Annual ACM Conference on
Human Factors in Computing Systems, 2013–2022.

[31] Kristina Knaving and PawełWoźniak. 2016. TickTockRun: Towards enhancing
communication in runner families. Proceedings of the ACM Conference on
Computer Supported CooperativeWork, CSCW26-February-2016: 309–312. https:
//doi.org/10.1145/2818052.2869114

[32] Amy L Kossert. 2008. Scholarship at UWindsor The nature and valence of
appearance-related exercise imagery.

[33] Carine Lallemand (avec G. Gronier). 2018, 2nd ed. Méthodes de Design UX : 30
méthodes fondamentales pour concevoir des expériences optimales. Paris, France
: Eyrolles.

[34] Matthias Laschke, Marc Hassenzahl, Sarah Diefenbach, and Thies Schneider. 2014.
Keymoment: Initiating behavior change through friendly friction. In Proceedings
of the NordiCHI 2014: The 8th Nordic Conference on Human-Computer Interac-
tion: Fun, Fast, Foundational, 853–858. https://doi.org/10.1145/2639189.2670179

[35] Heather K Larson, Kimberley Mcfadden, Tara-leigh F Mchugh, Tanya R Berry,
and Wendy M Rodgers. 2018. When you don’t get what you want — and it’s
really hard: Exploring motivational contributions to exercise dropout. Psychology
of Sport & Exercise 37: 59–66. https://doi.org/10.1016/j.psychsport.2018.04.006

[36] Leib Litman, Zohn Rosen, David Spierer, Sarah Weinberger-Litman, Akiva Gold-
schein, and Jonathan Robinson. 2015. Mobile exercise apps and increased leisure
time exercise activity: A moderated mediation analysis of the role of self-efficacy
and barriers. Journal of Medical Internet Research 17, 8. https://doi.org/10.2196/
jmir.4142

https://doi.org/10.1111/j.1467-9280.2007.01867.x
https://doi.org/10.1111/j.1467-9280.2007.01867.x
https://doi.org/10.1007/s00779-010-0311-y
https://doi.org/10.1007/s00779-010-0311-y
https://doi.org/10.1186/s12889-015-2165-8
https://doi.org/10.1186/s12889-015-2165-8
https://doi.org/10.1016/j.jadohealth.2005.01.015
https://doi.org/10.1016/j.jadohealth.2005.01.015
https://doi.org/10.1519/JSC.0b013e3181874564
https://doi.org/10.1519/JSC.0b013e3181874564
https://doi.org/10.1093/jcr/ucv095
https://www.emotiontypology.com/
https://www.emotiontypology.com/
https://doi.org/10.1016/S1469-0292(01)00011-5
https://doi.org/10.1016/S1469-0292(01)00011-5
https://doi.org/10.1080/10413200390213858
https://doi.org/10.1145/2971648.2971754
https://doi.org/10.1145/2971648.2971754
https://doi.org/10.1123/tsp.23.4.435
https://doi.org/10.1123/tsp.23.4.435
https://doi.org/10.1145/3053332
https://doi.org/10.1080/10413209908404198
https://doi.org/10.1080/02640410701468863
https://doi.org/10.1371/journal.pone.0181167
https://doi.org/10.1371/journal.pone.0181167
https://doi.org/10.3390/ijerph17072276
https://doi.org/10.3390/ijerph17072276
https://doi.org/10.1136/bmjsem-2018-000394
https://doi.org/10.1136/bmjsem-2018-000394
https://doi.org/10.1080/00913847.2018.1507410
https://doi.org/10.1145/2818052.2869114
https://doi.org/10.1145/2818052.2869114
https://doi.org/10.1145/2639189.2670179
https://doi.org/10.1016/j.psychsport.2018.04.006
https://doi.org/10.2196/jmir.4142
https://doi.org/10.2196/jmir.4142


NordiCHI ’20, October 25–29, 2020, Tallinn, Estonia Daphne Menheere et al.

[37] Dan Lockton, David Harrison, and Neville Stanton. 2010. The Design with Intent
Method: A design tool for influencing user behaviour. Applied Ergonomics 41, 3:
382-392. http://dx.doi.org/10.1016/ j.apergo.2009.09.001

[38] David Markland and David K. Ingledew. 2007. Exercise participation motives: A
self-determination theory perspective. In M. S. Hagger and N. L. D. Chatzisarantis
(Eds.), Intrinsic motivation and self-determination in exercise and sport (pp. 23–
34,302–305). Human Kinetics.

[39] Matthew Mauriello, Michael Gubbels, and Jon E Froehlich. 2014. Social Fabric
Fitness: The Design and Evaluation of Wearable E-Textile Displays to Support
Group Running. In Proceedings of the SIGCHI Conference on Human Factors in
Computing Systems, 2833–2842. https://doi.org/10.1145/2556288.2557299

[40] DeanneMcArthur, Alex Dumas, KirstenWoodend, Sarah Beach, and Dawn Stacey.
2014. Factors influencing adherence to regular exercise in middle-aged women: a
qualitative study to inform clinical practice. The New England journal of medicine
300, 18: 1056–7. https://doi.org/10.1016/j.amjmed.2005.09.031

[41] Daphne Menheere, Carine Lallemand, Ilse Faber, Jesse Pepping, Bram Monkel,
Stella Xu, and Steven Vos. 2019. Graceful Interactions and Social Support as
Motivational Design Strategies to Encourage Women in Exercising. In Pro-
ceedings of the Halfway to the Future Symposium 2019 (HTTF 2019). Associ-
ation for Computing Machinery, New York, NY, USA, Article 20, 1–10. https:
//doi.org/10.1145/3363384.3363404

[42] DaphneMenheere,Mathias Funk, Erik van der Spek, Carine Lallemand and Steven
Vos. 2020. A Diary Study on the Exercise Intention-Behaviour Gap: Implications
for the Design of Interactive Products. In Proceedings of Design Research Society
2020. https://doi.org/10.21606/drs.2020.329

[43] Daphne Menheere, Mark Janssen, Mathias Funk, Erik Van Der Spek, Carine Lalle-
mand, and Steven Vos. 2020. Runner’s Perceptions of Reasons to Quit Running:
Influence of Gender, Age and Running-Related Characteristics. International
Journal of Environmental Research and Public Health 17, 6046: 12.

[44] Fiona Morgan, Alysia Battersby, Alison L. Weightman, Lydia Searchfield, Ruth
Turley, Helen Morgan, James Jagroo, and Simon Ellis. 2016. Adherence to exercise
referral schemes by participants - What do providers and commissioners need to
know? A systematic review of barriers and facilitators. BMC Public Health 16, 1:
1–11. https://doi.org/10.1186/s12889-016-2882-7

[45] Florian Mueller, Frank Vetere, Martin R. Gibbs, Darren Edge, Stefan Agamanolis,
and Jennifer G. Sheridan. 2010. Jogging over a distance between Europe and
Australia. Proceedings of the 23nd annual ACM symposium on User interface
software and technology - UIST’10:189. https://doi.org/10.1145/1866029.1866062

[46] Florian Floyd Mueller, Chek Tien Tan, Rich Byrne, and Matt Jones. 2017. 13 Game
Lenses for Designing Diverse Interactive Jogging Systems. In Proceedings of the
Annual Symposium on Computer-Human Interaction in Play, 43–56.

[47] Kourosh Naderi, Jari Takatalo, Jari Lipsanen, and Perttu Hämäläinen. 2018.
Computer-aided imagery in sport and exercise: A case study of indoor wall
climbing. Proceedings - Graphics Interface 2018-May: 84–90. https://doi.org/10.
20380/GI2018.11

[48] Stina Nylander, Mattias Jacobsson, Jakob Tholander, and Mobile Life. 2014. Run-
Right – Real-Time Visual and Audio Feedback on Running. In CHI’14 Extended
Abstracts on Human Factors in Computing Systems, 583–586.

[49] Nuria Oliver and Fernando Flores-Mangas. 2006. MPTrain: a mobile, music and
physiology-based personal trainer. Proceedings of the 8th conference on Human-
computer interaction with mobile devices and services Helsinki: 21–28. https://doi.
org/10.1145/1152215.1152221

[50] Michel M. R. Peeters and Carl J. P. G. Megens. 2014. Experiential design land-
scapes: how to design for behaviour change, towards an active lifestyle.Doctoral
Dissertation Eindhoven University of Technology

[51] Lisa Pridgeon and Sarah Grogan. 2012. Understanding exercise adherence and
dropout: An interpretative phenomenological analysis of men and women’s
accounts of gym attendance and non-attendance. Qualitative Research in Sport,
Exercise and Health 4, 3: 382–399. https://doi.org/10.1080/2159676X.2012.712984

[52] Ryan E. Rhodes and Gert Jan De Bruijn. 2013. How big is the physical activity
intention-behaviour gap? A meta-analysis using the action control framework.

British Journal of Health Psychology 18, 2: 296–309. https://doi.org/10.1111/bjhp.
12032

[53] Lorraine B. Robbins, Kimberlee A. Gretebeck, Anamaria S. Kazanis, and Nola
J. Pender. 2006. Girls on the move program to increase physical activity par-
ticipation. Nursing Research 55, 3: 206–216. https://doi.org/10.1097/00006199-
200605000-00007

[54] Jeroen Scheerder, Koen Breedveld and Julie Borgers. (Eds.) 2015. Running across
Europe. The rise and size of one of the largest sport markets. Basingstoke: Pal-
grave Macmillan.

[55] Paschal Sheeran and Thomas L. Webb. 2016. The Intention–Behavior Gap. Social
and Personality Psychology Compass 10, 9: 503–518. https://doi.org/10.1111/spc3.
12265

[56] Nancy E. Sherwood and Robert W. Jeffery. 2000. The behavioral determinants
of exercise: Implications for physical activity interventions. Annual Review of
Nutrition, 20, 21–44.

[57] Marit Sørensen and Diane L. Gill. 2008. Perceived barriers to physical activity
across Norwegian adult age groups, gender and stages of change. Scandinavian
Journal of Medicine and Science in Sports 18, 5: 651–663. https://doi.org/10.1111/
j.1600-0838.2007.00686.x

[58] Simon Stusak, Aurelien Tabard, Franziska Sauka, Rohit Ashok Khot, and Andreas
Butz. 2014. Activity sculptures: Exploring the impact of physical visualizations
on running activity. IEEE Transactions on Visualization and Computer Graphics
20, 12: 2201–2210. https://doi.org/10.1109/TVCG.2014.2352953

[59] Simon Stusak. 2016. Exploring the Potential of Physical Visualizations.
[60] Bruce D. Temkin. 2010. Mapping the customer journey. Forrester Research 3: 20.
[61] Jelle Schoemaker, Simon van Genderen, and Willem I.J. de Boer. 2020. Increased

physical activity in preparation for a women-only mass participation sport event:
A framework for estimating the health impact. International Journal of Environ-
mental Research and Public Health 17, 1. https://doi.org/10.3390/ijerph17010098

[62] Jakob Tholander and Stina Nylander. 2015. Snot, Sweat, Pain, Mud, and Snow:
Performance and Experience in the Use of Sports Watches. Proceedings of the
ACM CHI’15 Conference on Human Factors in Computing Systems 1: 2913–2922.
https://doi.org/10.1145/2702123.2702482

[63] Stewart G. Trost, Steven N. Blair, and Karim M. Khan. 2014. Physical inactivity re-
mains the greatest public health problem of the 21st century: evidence, improved
methods and solutions using the ‘7 investments that work’ as a framework. British
Journal of Sports Medicine 48, 5: 394–401. https://doi.org/10.1136/bjsports-2013-
092492

[64] Steven Vos, Ruben Walravens, Paul Hover, Julie Borgers and Jeroen Scheerder.
2014. For Fun or Prestige? Typology of event runners [Voor de pret of de prestatie?
Typologieen van evenementenloopsters.]. Vrijetijdsstudies, 32 (2), 19-34

[65] Kerry Whipple, Sue Combs, Deborah Dowd, and Steve Elliott. 2011. Using the
dimensions of health to assess motivation among running moms. Health Care for
Women International 32, 5: 384–401. https://doi.org/10.1080/07399332.2010.508132

[66] Gertjan Wijnalda, Steffen Pauws, Fabio Vignoli, and Heiner Stuckenschmidt.
2005. A personalized music system for motivation in sport performance. IEEE
Pervasive Computing 4, 3: 26–32. https://doi.org/10.1109/MPRV.2005.47

[67] PawełWozńiak, Kristina Knaving, Staffan Bjor̈k, and Morten Fjeld. 2015. RUFUS:
Remote Supporter Feedback for Long-Distance Runners. In Proceedings of the
17th International Conference on Human-Computer Interaction with Mobile
Devices and Services, 115–124. https://doi.org/10.1145/2785830.2785893

[68] Jay Yoon, Pieter Desmet, and Anna Pohlmeyer. 2013. Embodied Typology of Pos-
itive Emotions: The Development of a Tool to Facilitate Emotional Granularity
in Design. In IASDR 2013: Proceedings of the 5th International Congress of Interna-
tional Association of Societies of Design Research “Consilience and Innovation in
Design”, Tokyo, Japan, 26-30 August 2013, 1206–1217.

[69] John Zimmerman, Jodi Forlizzi, and Shelley Evenson. 2007. Research through
design as a method for interaction design research in HCI. Conference on Human
Factors in Computing Systems - Proceedings: 493–502. https://doi.org/10.1145/
1240624.1240704

[70] Zombies Run! Website of Zombies, Run! https://zombiesrungame.com/, accessed
on 3 May 2020

http://dx.doi.org/10.1016/
https://doi.org/10.1145/2556288.2557299
https://doi.org/10.1016/j.amjmed.2005.09.031
https://doi.org/10.1145/3363384.3363404
https://doi.org/10.1145/3363384.3363404
https://doi.org/10.21606/drs.2020.329
https://doi.org/10.1186/s12889-016-2882-7
https://doi.org/10.1145/1866029.1866062
https://doi.org/10.20380/GI2018.11
https://doi.org/10.20380/GI2018.11
https://doi.org/10.1145/1152215.1152221
https://doi.org/10.1145/1152215.1152221
https://doi.org/10.1080/2159676X.2012.712984
https://doi.org/10.1111/bjhp.12032
https://doi.org/10.1111/bjhp.12032
https://doi.org/10.1097/00006199-200605000-00007
https://doi.org/10.1097/00006199-200605000-00007
https://doi.org/10.1111/spc3.12265
https://doi.org/10.1111/spc3.12265
https://doi.org/10.1111/j.1600-0838.2007.00686.x
https://doi.org/10.1111/j.1600-0838.2007.00686.x
https://doi.org/10.1109/TVCG.2014.2352953
https://doi.org/10.3390/ijerph17010098
https://doi.org/10.1145/2702123.2702482
https://doi.org/10.1136/bjsports-2013-092492
https://doi.org/10.1136/bjsports-2013-092492
https://doi.org/10.1080/07399332.2010.508132
https://doi.org/10.1109/MPRV.2005.47
https://doi.org/10.1145/2785830.2785893
https://doi.org/10.1145/1240624.1240704
https://doi.org/10.1145/1240624.1240704
https://zombiesrungame.com/

	Abstract
	1 Introduction
	2 Related Work
	2.1 Barriers and Enablers to Exercise
	2.2 Running-Related Interventions

	3 Method
	4 Study 1
	4.1 Participants
	4.2 Procedure and Materials
	4.3 Results
	4.4 Insights

	5 Study 2
	5.1 Participants
	5.2 Material and Procedure
	5.3 Results

	6 The Runner's Journey
	7 Discussion and Design Recommendations
	7.1 Guiding Self-Talk to Overcome Doubts prior to the Run
	7.2 Supporting Running Preparation Rituals
	7.3 Imagining the Running Session Beforehand
	7.4 Overcoming Negative Emotions while Running
	7.5 Prolonging Reward Feelings through Slow Reward Mechanisms
	7.6 Additional Insights

	8 Limitations
	9 Conclusion
	Acknowledgments
	References

