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Abstract: Physical inactivity, highly dependent on community and environmental conditions, is the fourth
leading cause of death worldwide. The objective of Every Walk You Take initiative was to co-design and test a
mHealth intervention prototype (mobile app) to promote active living, and to identify barriers and facilitators
for active living in individuals older than 55 years. Community stakeholders that included citizen scientists,
teachers, researchers, health professionals and policy makers, familiar with the social and economic burden of
aging in developed societies, codesigned the prototype. The app functionalities included recommendations on
healthy routes in the city (parks, pedestrian lanes and streets) according to environmental variables (air quality
and climate) and personal preferences (route difficulty, distance and geolocalization); and the collection of
ecological momentary assessments (pictures and voice notes) to identify the barriers and facilitators to perform
the routes. The prototype was tested in a pilot study in two deprived neighbourhoods of Barcelona. A total of
21 citizen scientists [mean age=67 (standard deviation=7)], 86% of them female collected, during two 7-day
cycles, 112 comments and 48 pictures describing the barriers and facilitators for active living. The negative
impact of dirty or damaged roads on citizen scientists’ motivation to engage in physical activity was highly
reported as a barrier indicating that city infrastructure directly influences the public's inclination towards
adopting active lifestyles. However, citizen scientists highlighted murals and urban green spaces they
encountered, which made their walks more enjoyable and stimulating, as facilitators for active living. Every
Walk You Take initiative constitutes the foundation for the development of novel models of health surveillance
to address gaps in the current research landscape of active living. Moreover, the increased health literacy of the
individuals ensures that they are more conscious about the role of physical activity in healthy ageing.
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1. Introduction

Currently, more than 20% of the EU-27 population are aged 65 years and over and projections
suggest an increase to 31.3% by 2100 [1]. An ageing population comes with the increased risk of non-
communicable diseases that have the potential to precipitate a healthcare crisis [2]. This potential
healthcare crisis will be further perpetuated by physical inactivity, which is the fourth leading cause
of death worldwide, costing approximately US $67.5 billion per year to health care systems globally
[3] — making it imperative to promote healthy, active ageing.

The promotion of active lifestyles and healthy ageing is contingent on social and community
networks, and general socioeconomic, cultural, and environmental conditions as well as upon the
individual [4]. Previous studies have provided insight into barriers and facilitators for having an
active life [5,6,7,8] and its effects on ageing [9,10]. The domains that these studies identified included:
personal, environmental, ecological, socio-cultural, economic and political issues. The integration of
such information included in several of these domains previously identified (i.e. community health
assets, individual and environmental data) [10] is important to design feasible interventions to
promote physical activity. Citizen science can play a key role in capturing the influence of these
domains by enabling active participation of the general population in research projects. It could be
through the engagement in steering committees/advisory councils of the active living projects [11]
and by providing data via ecological momentary assessments (EMAs) that capture active living
prospectively [12,13]. The implementation of such citizen science methodology helps to provide more
insights into the strategies to promote healthy living considering the smart city infrastructure [5].

The objectives of this study are: (1) to co-design and prototype, in a community of stakeholders,
a mHealth intervention to promote active living and to identify barriers and facilitators for active
living in individuals older than 55 years; (2) to test the performance of the intervention in a pilot
study.

2. Materials and Methods
2.1. Community of Stakeholders

Every Walk You Take started with the constitution of a community of stakeholders that acted as
the steering committee of the project. Citizens, researchers, health professionals, health planners,
policymakers, and teachers, familiar with the social and economic burden of aging in developed
societies took part of this community that had representatives from both economically deprived and
privileged areas of the city. The public-owned life-long learning centres of two deprived
neighbourhoods of Barcelona (Trinitat Vella and Bon Pastor) were the executive offices of the project
and meeting points for the community of stakeholders. They had the following responsibilities: (1)
to supervise the project management in periodic meetings; (2) to co-design and prototype Every Walk
You Take mHealth intervention addressed to promote active living; (3) to discuss and interpret the
data collected in the pilot study, and (4) to codesign the communication strategy of the project.

2.2. Pilot Study

The mHealth intervention co-designed and prototyped by the community of stakeholders was
tested in a pilot study conducted in two 7-day cycles, one in each neighbourhood (Trinitat Vella and
Bon Pastor). All the citizen scientists included were aged 55 or over and owned a smartphone. The
estimated sample size was 15 citizen scientists according to the most recent usability studies [14,15].

All citizen scientists attended a 2-hour formative session in the corresponding life-long learning
centre according to their neighbourhood of residence. During that session, the citizen scientists
learned to download, register, and use the mobile app, and to register EMAs to capture the barriers
and facilitators for active living. All the questions that arose during the sessions regarding the
functioning of the app were answered. Citizen scientists were also encouraged to use all
functionalities of the application: (1) to answer the project questionnaires (socio-demographic data),
(2) to follow the personalized recommendations according to individual preferences and
environmental data and (3) to register EMAs using the app installed in their own smartphones. The
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citizen scientists were prompted to take pictures and to describe, using an audio recording, if they
perceived their environment indoor or outdoor) to be either a barrier or a facilitator of active living.
These images and audio recordings were automatically geo-coded to the exact latitude-longitude
location as measured via smartphone-based location services. The study was approved by the local
ethics committee.

2.3. Statistical Analysis

To describe the sample included, the mean and the standard deviation for continuous variables
and the proportions for categorical variables were estimated as appropriate. The EMAs (pictures and
voice notes) were analyzed to reveal patterns of perceptions (i.e. barriers and facilitators) for active
living in the community of stakeholders. Moreover, intrinsic motivations at individual level and key
factors at an environmental level were identified.

3. Results

Every Walk You Take was conducted between June and December of 2023 in Trinitat Vella and
Bon Pastor, two neighbourhoods in the city of Barcelona.

3.1. Co-Design and Validation of the mHealth Intervention

The mHealth intervention to promote physical activity in individuals older than 55 years was
co-designed with 10 community leaders familiar with the social and economic burden of aging in
developed societies (e.g. two citizen scientists, one researcher, one health professional, one policy
maker, two teachers and three community agents).

In a meeting held in June 2023, this community agreed that a mobile app was the best channel
for the co-designed mHealth intervention and the functionalities that such app were discussed. In
September 2023, the first prototype of the mobile app was presented to the community of
stakeholders. This app was designed with a user experience adapted to the target population (i.e.
people older than 55 years). The app recommended healthy routes in the city, defined as routes that
maximize passage through pedestrian-friendly areas (parks, pedestrian lanes and streets). The
recommendations took into account environmental variables in the current global context of climate
crisis (i.e. air quality and climate), personal preferences (i.e. route difficulty and distance) and
geolocalization; as well as barriers and facilitators to perform the routes, previously identified
through EMAs (collection of pictures and voice notes) considering material and emotional
perceptions captured by all citizen scientists. The application was multilingual (English, Spanish or
Catalan) (Figure 1). This prototype was validated by the community of stakeholders.

3.2. Pilot Study

The study included 21 citizen scientists with mean age 67 (standard deviation 7), 86% were
female. The most common education level was primary studies (76%), followed by university studies
(14%) and secondary level (10%) (Table 1).

During the pilot study, a total of 112 EMAs were collected. Particularly, 64 reports were sent,
92% of them pointed out that the routes were in good condition. In addition, the citizen scientists sent
48 pictures of the barriers and facilitators identified for active living. Figures 2 and 3 include examples
of the images and the associated reports of the barriers and facilitators, respectively. Thus, the barriers
most commonly described were related to dirtiness and damaged roads; whereas the facilitators
included murals on the roads and urban green spaces.
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Figure 1. Every Walk You Take mobile app interfaces.

Table 1. Summary of the socio-demographic characteristics of the citizen scientists.

All (N=21) Female (N=18) Male (N=3)
Age- (years), mean (SD) 67 (7) 68 (7) 65 (8)
Education attainment, n (%)
Primary studies 16 (76) 13 (72) 3 (100)
Secondary studies 2(10) 2 (11) 0 (0)
University studies 3(14) 3(17) 0 (0)

SD: Standard deviation.

4. Discussion

Every Walk You Take, a mHealth intervention that promoted physical activity through the
recommendation of healthy routes in the city, helped to identify barriers and facilitators for active
living in individuals older than 55 years. This comprehensive mHealth intervention provided the
best choice of healthy routes (i.e. community health asset) outlined by considering information on
determinants of health from an individual perspective (e.g. age, physical condition and
geolocalization), and from the community perspective (e.g. environmental variables — air quality and
climate — and city infrastructures to that end — parks, pedestrian streets and lanes). In addition, the
co-designed mobile app allowed for the evaluation of the barriers and facilitators in following the
proposed routes considering material and emotional perceptions. Thus, this intervention has the
potential to be implemented in different cities around the world that collect information on
community determinants of health and health assets.
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“The road is dirty in | “The route goes paralel to the | “The route is in bad
some places” motorway, then the noise is | condition”

really high”

Figure 2. Pictures and comments about the barriers for active living captured by citizen scientists.

“Several artists have painted murals in | “This path goes through the river park
the walls of the park” where you can see several animals:
ducks, rabbits, birds...”

Figure 3. Pictures and comments about the facilitators for an active living captured by citizen

scientists.

4.1. Citizen Science as a Tool to Improve Health Literacy

There are scientific and societal implications derived from the lack of diversity in citizen science
participants [16]. In Every Walk You Take, to tackle the issue of underrepresentation of people from
deprived areas, we focused our efforts within the economically disadvantaged Barcelona
neighbourhoods of Trinitat Vella and Bon Pastor. In this context, community engagement strategies
are crucial, as indicated in the Smart Framework, which integrates citizen science with community-
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based participatory research [11]. Through the inclusion of community leaders in our stakeholder
community, we could increase the effectiveness of health interventions [17].

We established a scientific collaboration with the public network of life-long learning centres in
the neighbourhoods. These centres offer a set of learning activities that, within the framework of life-
long learning, allows adults to develop their capabilities, enrich their knowledge and improve their
technical and professional skills. The executive office of this citizen science project was the life-long
learning centers. Thus, the meetings of the community of stakeholders, the formative sessions and
the pilot study were conducted in such dependencies. Most of the included citizen scientists were
students attending an alphabetization course that also covered basic computer skills. Every Walk You
Take significantly contributed to these learnings, for the following two reasons: firstly, the citizen
scientists put into practice the theoretical content acquired at the life-long learning centre classes by
validating a new mobile app designed for individuals older than 55 [18]. Secondly, the strategies for
improving healthy behaviour and reducing health inequalities may benefit from adopting a stronger
focus on health literacy within prevention and public health interventions [19]. Thus, our citizen
scientists, most of them with primary studies, might have benefited from the relationship between
educational attainment and healthy behaviour. Indeed, the World Health Organization, in the
conceptual framework for action in the social determinants of health, identified education as an
inequality axis [20]. Concurring with this, Wister et al. highlighted that programs and policies that
encourage life-long and life-wide educational resources and practices by older persons are needed
[21]. In consequence, the existence of a public network of life-long learning centres, like the centres
involved in Every Walk You Take, has important benefits for the most vulnerable groups.

4.2. Barriers and Facilitators for Active Living

Using EMAs, images of the barriers to active living,captured and uploaded by the citizen
scientists noteworthy insights into their perceptions and revealed significant patterns within the
barriers they encountered. Concurring with previous publications, the most common observation
regarded the bad state of road, which acted as a deterrent hindering their inclination towards walking
and partaking in physical activities [22,23]. This observation highlights a key point of consideration
for policymakers and urban planners. The negative impact of dirty or damaged roads on citizen
scientists’ motivation to engage in physical activity proves that city infrastructure influences the
public's inclination toward adopting active lifestyles. This relationship is particularly important in
low income neighbourhoods where walkability, (defined as the extent to which the built environment
is friendly to the presence of people living, shopping, visiting, enjoying or spending time in an area);
was related to healthier weight status [24]. By addressing these issues, policymakers possess the
ability to support healthier lifestyle choices, ultimately benefiting the overall well-being of
communities. Conversely, the images of facilitators uploaded and described by the citizen scientists
were varied — some people were impressed by murals on the roads, which made their walks more
enjoyable and stimulating, while others were pleased by being surrounded by nature and found this
to be a serene experience that motivated them to engage in more physical activity. Thus, there are
general public benefits from investments in art, culture and green spaces as these are aesthetically
attractive to see and pleasurable to be around. Concurring with this observation, Balcetis et al. also
pointed out that neighbourhoods with visually engaging, eye-catching objects and locations increase
the frequency, duration, and vigorousness of residents’ and visitors’ exercise [25]. New possibilities
for the development of urban spaces could derive from co-design practices. In fact, the implications
that city infrastructures have on health requires the diversification of the group of stakeholders
involved. The aim is to reconfigure urban spaces and to translate the diverse user perspectives on
urban life to planning practices, since these interventions can impact the socio-technical development
of the city [26].

This study has several limitations. On the one hand, an unbalanced gender representation within
the sample, with a majority of participants being women. This introduces potential gender-based
biases, which would impact the generalisability of the findings. The overrepresentation of women
could skew perspectives and insights that have been gathered from the study, which limits a
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comprehensive understanding of active living barriers and facilitators among diverse gender
demographics. This gender imbalance might reflect a propensity among women to participate in
health-related initiatives more readily than men. Therefore, to address this limitation in future
studies, further efforts should be made to ensure that recruitment strategies are inclusive and
balanced; this could be done by emphasising the benefits of participation [16]. On the other hand,
this project aimed to validate a prototype of Every Walk You Take mHealth intervention, but no
information was collected on its effect on the citizen scientists’ health status (e.g. quality of life).
Further randomized controlled trials should be performed to evaluate the effectiveness of such an
intervention, particularly by taking into account the compliance of citizen scientists in using EMAs
to report data [27].

5. Conclusions

Every Walk You Take tackles three core objectives of public health policy: prevention,
protection, and health promotion. The project is directly involved in health promotion as it increases
the health literacy of the citizens of Barcelona, empowering them to play an active part in their own
healthcare. Further to this, it provides the foundation for the development of novel models of health
surveillance to address gaps in the current research landscape of active living. Moreover, the
increased healthy literacy of the individuals ensures that they are more conscious about the role of
physical activity in healthy ageing.
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