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Invisible in the smart city: Using
participatory design methods for
age-friendly solutions

Cora van Leeuwen*, Juanita Devis Clavijo, Ilse Mariën and

An Jacobs on behalf of the Digital Ageing Consortium

imec-SMIT, VUB, Brussels, Belgium

Older adults face unique challenges and have di�ering needs when navigating

the urban environment. At the same time, civil servants and policymakers

in cities are facing di�culties in promoting age-friendly initiatives due to

the lack of knowledge, data, and tools about and for older adults. In this

context, smart cities can play a key role in increasing the participation of

older adults (i.e., 65 years and older) by collecting the data needed to provide

knowledge of and design tools for older adults. However, using smart city

data to inform policy making is made more di�cult by several existing issues

such as aggregated nonage-specific big data, lack of data altogether, and a

disparity in access and use of digital technology. This paper endeavors to

provide a methodology to ensure that the older adults are represented in the

collected data and the translation of this data into automatic policy-making

decisions. The Participation for Policy for Older Adults (PAR4POA) method

introduces older adults’ perspectives from the start of the project and its

iterative approach means that older adults will share their needs and values

with policymakers at di�erent stages of a project. The use of this method

enabled the co-creation of smart city solutions targeted to address the needs

of older citizens in the context of 3 European regions. The PAR4POA method

is specifically altered for the situation of older adults but could easily be

used to include other marginalized populations. Ensuring participation in the

automatic policy-making arena will empower marginalized populations and

provide representation in data previously not provided.
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Introduction

Across Europe, the aging population is expected to increase, by 2050 the projected
group of those aged between 75 and 80 will have expanded by 56.1%. By 2050, the
total population considered to be an older adult (i.e., 65 and older) will increase by
39.3 million individuals (Ageing Europe Eurostat, 2020). Policymakers and civil servants
are aware of these trends and are already experiencing increased demand for services
related to older adults. As a result, policymakers are investigating how to support
initiatives aimed at older adults to facilitate autonomous and independent living within
an urban environment. The choice of an urban context is predicated on the increase in
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the European population based in cities (Koceva et al., 2016),
subsequently, there is an increase of city-based older adults.
Furthermore, the rapid expansion of the very old, by 2050 it
is estimated that there will be a half a million centenarians
within the borders of the EU-27 (Ageing Europe Eurostat, 2020),
is a concern for policymakers. As the very old proportionally
make more use of social services for health and social care,
pensions, and public finances. Which in turn makes it difficult
for public services to provide adequate and appropriate services.
Datafication understood here to “describe[] a transformation
of social action into online quantified data for tracking and
predictive analysis” (Sourbati and Behrendt, 2020, p. 3) is seen
as an approach to help policymakers in making data-driven
decisions to provide for a better quality of urban living. The
Global Age-friendly cities initiative by the WHO determined
that 8 domains require attention to improve the quality of living
for urban older adults (Rémillard-Boilard, 2018), (see Figure 1).

All these domains can be affected by data-driven decision-
making. With mobility as an example: public transport can
be adjusted based on usage data or a city can determine its
walkability status as being 15min based on available geospatial
data. However, these data-driven approaches encounter several
issues when it concerns older adults. For example, the
walkability in cities is typically calculated based on the average
speed of a pedestrian and does not consider the slower walking
speed of an older adult. The walking speed, on average, decreases
by 1.2 min/km between the ages of 20 and 60 (Schimpl et al.,
2011). It is necessary to ensure the availability of meaningful and
reliable data on older adults. This would enable civil servants
and policymakers to create policies that are inclusive for older
adults. To achieve this, it is necessary to make visible the way
the datafication is currently excluding the data of older adults.
In this article, we provide a framework to assist the development
of new technologies to support policymakers and civil servants
to include the needs of older citizens in their decision-making
process. This is done by focusing on the data required to feed
those systems. We answer the question: how to collect data from
older people for better data-driven policy-making to ensure a
better autonomous life for the older population?

Background

Age-friendly and smart cities

As previously mentioned in 2007 the WHO developed the
concept of age-friendly cities. In this section we will explore
age-friendliness in the context of smart cities and provide
examples of initiatives as encountered in Spain, Finland, and
Belgium. The smart city makes use of various data sources and
processes them to provide better tracking ability and predictive
analysis for the various actors within the city (Sourbati, 2020;
Sourbati and Behrendt, 2020; Smets et al., 2021). A survey

examining the potential applications of data and smart cities
in Flanders (Dutch-speaking region of Belgium) highlighted
the concerns Flemish cities have in using smart-city data in
policy making (Walravens et al., 2019). The smart city has
potential to assist in policy making in all areas of Figure 1 by
providing data to enhance the services and to contextualize its
use by the older adult (Arup, 2015). This potential to impact
all areas is important for older adults, as a case study of the
city Brussels found that older adults felt heard in policy making
concerning (health) care-related policy areas, but felt silenced
in connection to other policy areas (Vanmechelen et al., 2012).
Using data from smart cities could ensure that older adults’
data contributes in policy making and their daily experiences in
an urban environment are therefore taken into account when
policy making decisions are made. There have been initiatives to
combine the data of smart cities with the needs of older adults
in the past. In Madrid, for example, the smart city infrastructure
was used to help monitor frailty risk of older adults aging-in-
place (Abril-Jiménez et al., 2020), and similarly in Finland the
city of Oulu investigated the potential of the smart-city to assist
in the care of their older adult population (Skouby et al., 2014).
The potential for technology for the improvement of the lives of
older adults is clear, however, as mentioned by the older adults
in Brussels, these example initiatives are related to care and their
experiences in other areas of smart cities are not explored as
much. This is evident in the case of smart mobility in which
the ageist assumptions in regards to the interest and ability of
older adults in technology has resulted in exclusion of those
age over 75 in surveys (Sourbati and Behrendt, 2020, p. 1407).
Mobility, housing, and physical environment are all areas that
can influence the experience of an older adult within the city and
are areas in which data from smart cities can and will be used to
make policy decisions. Andmore broadly speaking participation
in public life, another indicator of a age-friendly city, takes
different forms within a smart city. This because in smart cities
it involves the use of your data in (automatic) policymaking. In
the next section, the treatment of the data of older adults will be
discussed in the context of data justice as this framework assists
in contextualizing the potential problems of a relative invisibility
of your data in regards to data processing.

Datafication and older adults

Dencik et al. (2019, p. 873) state that data and “the way
it is generated, collected, analyzed and used, is a product of
an amalgamation of different actors, interests and social forces
that shape how and on what terms society is increasingly being
datafied”. The examination of this amalgamation is needed to
understand how irregularities and inaccuracies in algorithmic
outcomes can be prevented. Data justice proposes the centering
of a plurality of voices and the acknowledgment that the
actual lived experience in a certain context is best explained by
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FIGURE 1

The eight domains that need to be improved within a city to be considered an age-friendly city (WHO, 2007).

those experiencing it, as a means to inform and examine the
different actors, interests, and social forces (Costanza-Chock,
2018; Dencik et al., 2019). Subsequently, in the context of urban
spaces the involvement of actual users or citizens of a city will
reveal their lives and experiences in particular urban spaces. The
data justice movement is not alone in acknowledging that a lack
of inclusion in the design process is the cause of inequality and
unfairness in algorithmic outcomes. Indeed the call to include
the principles of the critical feminist thought (Bardzell and
Bardzell, 2011; D’Ignazio and Klein, 2020), the decolonization
of data science (Mohamed et al., 2020) and calls to ensure that
outcomes for different groups are made visible (Buolamwini and
Gebru, 2018) are examples of similar initiatives. These have in
common that they ask the AI tech community to reflect on
an existing power structure that can be found within society.
Thus, avoiding a perpetuation or enhancement of existing social
inequalities within new technologies. The involvement of the
data subjects themselves and a reflection on their position
by the creators of algorithms is one of the ways which is
suggested to examine and acknowledge these power structures
(van Leeuwen et al., 2021).

Ensuring fair and accurate representation in data is
complicated and has many facets. In the case of older adults, it
involves ensuring that data is collected and processed in the first
place. As their data tends to be discarded or remains uncollected
(Rosales and Fernández-Ardèvol, 2019). During research into
pedestrian crossings, researchers found that older adults tended
to be unable to cross in the allotted time as their data was
not taken into account while calculating the required time to

cross at the traffic lights (Asher et al., 2012). Furthermore, by
doing a dedicated exercise the researchers were able to capture
the data of those that would usually avoid crossing the road
at the traffic lights (Asher et al., 2012). Older people tend to
receive less accurate predictions in recommender systems as
either their data is treated as an outlier or the design of the
system is unable to gather their data (Rosales and Fernández-
Ardèvol, 2019, 2020). D’Ignazio and Klein (2020) call this lack
of data collection being part of a data desert. Some examples of
how older adults are treated in data collection and processing:
older adults are often excluded due to a set age limit in surveys,
it is impossible accurately capture their aged experience in
general surveys, or they are taken as a homogenous group
without taking into account the difference in the experience of
multiple generations (Asher et al., 2012; Mahler, 2020; Rosales
and Fernández-Ardèvol, 2020; Sourbati and Behrendt, 2020).
Mahler (2020) especially expresses strong concern for the effect
a lack of (correct) data can have on the human rights of older
people. For example, these data deserts can have an impact
on policy decisions, since representation within the data is not
achieved and budgetary decisions might be unable to address
the underlying cause. A real-life example of the consequences
of a lack of data was described by Eubanks (2019) regarding
an algorithmic decision-making system to detect child abuse in
Allegheny County (Pennsylvania, USA). This system was less
likely to detect severe abuse of children frommore affluent areas,
since their data was not collected to the same degree as people
from a less affluent background, as those marginalized “face
higher levels of data collection when they access public benefits,
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walk through highly policed neighborhoods, enter the health-
care system, or cross national borders” (Eubanks, 2019, p. 18).
In essence, there was a data desert about children from more
affluent backgrounds in the systems used to calculate abuse risk.

Involving older adults as experts of their own experience can
result in different choices in the collection and processing of data
as their perspectives would counter the knowledge gap that is
present in the younger researchers/policymakers. Furthermore,
to make meaningful age-friendly data-driven policy decisions it
is necessary to have disaggregated demographic data to be able
to identify the heterogenous group of older adults instead of
one age bracket (i.e., 65-plus). Big data “disregards groups that
behave differently to the mainstream, something which is more
common among older people” (Rosales and Fernández-Ardèvol,
2020, p. 1081). Big data has issues predicting groups that differ
from the mainstream and this has resulted in older adults being
deprioritized (Rosales and Fernández-Ardèvol, 2020), as this age
cohort has differing needs and concerns from the mainstream.
This last makes them less likely to be considered in standard
data-driven decision systems. To illustrate this, one such need
is the availability and easy reachability of health care services.
As older adults tend to make more use of these services (Ward
and Ozdemir, 2012). This could mean that the calculations of
the reachability of a General Practitioner are calculated while not
considering fair representation by older adults. This would result
in reachability figures that do not consider the walking speed
and number of visits by older adults and would predict a lighter
burden on the older individual than is experienced.

The algorithmic treatment of older adults is relatively
underexplored. Rosales and Fernández-Ardèvol (2019, 2020)
investigated how ageism, discrimination based on age, was
embedded within big data and digital platforms. They found
that ageism was mostly present in the treatment of data.
This was blamed on the homophily of program teams and
incoherent algorithms. Older adults are often seen as digitally
unskilled (Sourbati, 2015; Sourbati and Loos, 2019; van Leeuwen
et al., Under review) and this impacts the way systems
are prepared for their data. As Rosales and Fernández-
Ardèvol (2019) argue the algorithms are used to disguise that
corporations are insufficiently prepared to either provide the
expected user experience to those digitally unskilled users or
for unexpected users and uses. Manor and Herscovici (2021)
coined this specific type of ageism: “Digital Ageism” and it
manifested in stereotyping and disregarding older adults’ actual
needs in interviews with user experience experts. This group
is responsible for ensuring the accessibility of applications
and websites.

It is possible to avoid the previously mentioned negative
algorithmic experiences. For example, Bardzell and Bardzell
(2011) argue that the critical feminist method can be applied
to Human-Computer-Interactions research (HCI). This would
ensure that different lived experiences are considered while
designing a system. To achieve this, it would be necessary

to involve older adults and other non-mainstream groups
throughout a project. The study by Doyle et al. (2019) was
key in the development of a health management app. This
qualitative study was used to ensure that the eventual platform
would conform to the specific needs of older adults managing
multimorbidity. Similar to this study it is possible to use co-
creation to receive insight into older adults’ needs. It can be
the basis of “intensive and equal collaboration between various
stakeholders operating on different levels, ranging from older
adults, caregivers, nurses, psychologists, managers, teachers,
policymakers, and scientists” (Luijkx et al., 2020, p. 2). An
argument has been made that it is necessary to design with
empathy for older adults. This would result in age no longer
being treated as an antagonist, but as a co-conspirator (Ferri
et al., 2017). Although this argument was aimed at designers
of assistive technology the same principle applies on a broader
scale. Empathy with older adults would involve ensuring their
input and interests are considered when designing for a more
inclusive policy.

Laenens et al. (2019) provide an argument for using the
Participation Action Research approach for the development of
Policy (PAR4P). Their approach consists of an iterative action
plan where various stakeholders are involved within the design
cycle, (see Figure 2). The key to the PAR4P approach is that it
involves the participation of various stakeholders throughout
the process and not solely at the beginning. The inclusion of
older adults throughout a design process is rare according to a
systematic review of the co-creation participation by older adults
(Fischer et al., 2020). The PAR4P approach has been adjusted
before for a data-driven policy action (Sillevis Smitt et al., 2022).
Participatory design has three domains of knowledge that need
to be included; current practices, technological options, and
practices with new technologies (Kensing and Munk-Madsen,
1993; Van Mechelen et al., 2019). These domains remain
essential within PAR4P as the iterative process investigates
the current practices within the policy domain and the needs
of stakeholders, while the co-design element within PAR4P
explores both the current technological opportunities and
possible practices with new technologies or knowledge.

Participatory action research for
policy with older adult

In the following section, we will argue how to integrate
both the principles of PAR4P and empathy for older adults
within a framework for participatory design for data-driven
policymaking for older adults. The PAR4POA approach is
different from other participatory innovations as it focuses on
an iterative approach and can be used in all stages of a design
process. This means that PAR4POA can be used to inform the
initial design choices of a research project as well as the creation
of a product, for example. Furthermore, as shown in Figure 3 the
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FIGURE 2

Original PAR4P method as proposed by Laenens et al. (2019).

FIGURE 3

Overview of the PAR4POA framework demonstrating the link between the various steps.

involvement of older adults and civil servants occurs onmultiple
occasions, ensuring that not only information is collected but
there is also opportunity for creating shared knowledge and
insights into the lifeworld of the older adults through discussion.
The PAR4POA framework is introduced in the context of the
H2020 URBANAGE project, which aims to address the needs
of an aging population in the urban environment through the
use of disruptive technologies and the development of digital
twins for civil servants (for a comprehensive introduction to

digital twins see DeMaeyer andMarkopoulos, 2020). These self-
same principles could be adjusted for other marginalized groups
or even multiple groups at the same time. In the case of the
URBANAGE, this framework was used in a broader context
where the final goal was not policymaking, but the development
of data-driven decision tools or digital twins for civil servants.
A “Digital Twin refers to a digital replica of potential and
actual physical assets (physical twin), processes, people, places,
systems and devices that can be used for various purposes”
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(De Maeyer and Markopoulos, 2020, p. 251), thus to create
a digital twin pertaining to the life world of an urban older
adult it is necessary to understand their needs and priorities to
decide which data needs to be collected and which barriers are
experienced while living in a city which need to be alleviated. In
other words, there is a lack of identifiable data of older adults
within smart city data. This can be addressed by creating a
shared understanding of the day-to-day life of older adults and
to identify where and how their data is or can be collected.
In the project, researchers conducted the preparatory phase
and three co-creation workshops with older adults and civil
servants in each of the pilot sites: Santander in Spain, Helsinki
in Finland, and the Flemish region in Belgium. For the Belgian
test case, a regional approach was chosen to test regional open
data opportunities. Each workshop corresponds, respectively, to
the second, third and fourth phase described in the figure below.
This section will follow the phases as shown in Figure 3 and
will conclude with our recommendations on how to adjust these
same principles for further marginalized groups.

Preparatory phase

Before involving older people in the participatory
workshops, it is essential to conduct an action consisting
of a series of preparatory steps aimed to gather relevant
knowledge about the domain and context in which the
data-driven decision-making will be conducted. This step is
necessary to ensure that the participatory actions are productive
and have a structure that delineates the scope of the research
without limiting the contributions and creativity of older adults
who take part in the workshops. The described steps do not
happen chronologically, they can be taken in conjunction and
can influence each other. Firstly, conducting desk research
makes it possible to identify all the well-known issues and
good practices from the literature (SOTA). Furthermore, it
enables the team to acknowledge the known criticalities of
the specific context where the data-decision making will be
conducted. This process will result in meaningful insights into
the various possible domains in the lives of the older adult
on which the project could focus. Secondly, a policy analysis
of the current policies in place is essential to understand the
current policies in place in the various domains concerning
older adults. There are several ways of obtaining this insight,
to illustrate it is possible to conduct a quick scan analysis of
policies (Iordache et al., 2017) or to conduct a series of expert
interviews with various domain experts and/or policymakers
(Sillevis Smitt et al., 2022). Both of these steps help construct
an overview of the current state of the problem domain and
the key challenges the project could address. Thirdly, a general
scope of the project needs to be determined, this is necessary to
ensure that there is structure in the project and to delineate but
not limit the future envisioned user involvement. In essence,

this means that the scope should provide enough freedom for
older adults to share their lived experiences, provide creative
insight, and ensure that the various needs and motivations of
older adults are captured. To illustrate this, we will use the
H2020 URBANAGE project; here the scope was determined
to be what are the challenges and barriers limiting the aging
population in conducting an independent life living in an urban
environment setting. When the scope has been determined it is
necessary to identify what are the domains related to the project.
In the case of H2020 URBANAGE, we identified domains
such as urban planning, healthcare, wellbeing, accessibility
mobility, ICT, and greenery. Following the identification of
domains, a list of city departments and other stakeholders
responsible for these domains was constructed. This list was key
in making sure all the relevant actors were involved from the
beginning and were offered the opportunity to provide valuable
feedback and contribute substantially to our understanding
of the possibilities and ramifications of the policy within an
urban context. There are various ways in which the relevant
stakeholders can be identified; this can be done in a workshop
with policymakers, via surveys, or during expert interviews.
It is possible and recommended to interview various older
adults or organizations dedicated to older adults as part of
these expert interviews. These interviews will further assist
in (a) creating a definition of the older adult as used in the
context of the project and (b) to determine strategies for fair
representation of the older adults in all shapes and forms. This
can mean the involvement of organizations fighting poverty to
provide participants to represent those older adults living in
poverty or it consists of including transport and/or alternative
access to the workshops for those living with disabilities.
During URBANAGE a combination of these techniques was
employed, to be exact surveys and interviews with local experts
were used. The information that has been gathered during
these steps determines the various future steps within this
framework. Furthermore, URBANAGE set-up guidelines for
its project sites to ensure that the offer of the workshops was
engaging, accessible, and useable for a variety of different older
citizens. The guidelines ensured that possible barriers were
addressed as part of the recruitment process. Other steps that
were taken was an intake survey prior to the workshop to
obtain a basic demography of the possible participants. Based
on the guidelines and survey each pilot site selected participants
recruited via city departments and older citizen organizations,
this resulted in a heterogenous group of participants.

Participatory action 1: Older adults’ lived
experiences and motivation

This action involves the first co-creation elements of this
framework. Involving older adults in technology design is not
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new, we will discuss various best practices in this section that
can assist in ensuring that older adults’ needs, lived experiences,
motivations, and technological opportunities are uncovered,
again we will use the H2020 URBANAGE project as an example.

To ensure that older adults’ needs are taken into account it
is necessary to acknowledge that the aging population is diverse
and their needs are divergent, by ensuring that this is taken into
account one of the myths surrounding older adults has been
dispelled (Durick et al., 2013). The involvement of older adults
will uncover the following four elements: needs, motivations,
current practices, and current technological opportunities. The
needs of older adults in the policy scope can be uncovered,
by using co-creation workshops. Using these workshops, it is
possible to not only capture the needs but to enable prioritization
via consensus within a stated problem domain. This results
in either, confirmation from the findings in the first step or
uncovers previously unknown needs via the lived experience of
older adults as they can be viewed as the domain experts on
old age. This step counters the aforementioned homophily of
design teams (Rosales and Fernández-Ardèvol, 2020). Within
the context of aging within an urban context, the goal of a
workshop can be to identify the main barriers affecting the
autonomy of older people. To achieve this, researchers will
have to translate the project scope into questions related to
the personal experiences of older adults. During the workshop,
participants are invited to reflect on their daily activities in
the urban environment at different times of the year, identify
the barriers, and describe how and why they are limiting
their independence. We can illustrate this with a requirement
highlighted by the H2020 URBANAGE project participants, the
older adults required public seating arrangements to determine
the walkability of a city. This process was key in facilitating the
collection, reformulation, and prioritization of relevant insights.
The outcomes than were translated into user requirements (data,
features) to be validated in the following steps.

The workshops can also facilitate further understanding of
the motivations and how these relate to older adults’ needs and
current practices. It is necessary to understand the motivation
of older people to participate in technology development to
ensure the adoption of the technology later. It is possible to
distinguish various motivators as seen in Figure 4, this figure
is based on a systematic review by Fischer et al. (2020). It
is important to uncover these motivations during the co-
creation as they might influence the strategy to ensure the future
involvement of other older adults. For example, in past co-
creation workshops for the creation of health gardens, which
enable research into older adults and digital healthcare, we were
able to distinguish various motivations for participation which
informed our communication to increase user engagement.

The final two elements are interlinked: information about
current practices and technological opportunities. The current
practices can help determine how older adults currently
engage with environments within a city. Furthermore, the

current practices can help determine the usability of existing
technological opportunities. If older adults use a technological
artifact in a way that produces unusable data, these practices
help inform changes needed in the collection via existing
technological solutions. One hypothetical example to illustrate
this: imagine that the data collection happens via Bluetooth
technology, however, it becomes apparent in the workshops that
your target group of older adults have the current practice to
turn off this signal while moving through the city. This means
that your data collection will not include this target group.
Therefore, it is necessary to understand usage patterns and
identify possible pitfalls in current data collection and prevent
similar shortcomings in future data collection. To facilitate
this type of interaction between older adults and developers it
is necessary to have a boundary object, this boundary object
is a material or organizational structure that works as an
information carrier to bridge the gap between the two groups
and create a shared understanding of the situation (Heyman,
2019). In the case of URBANAGE we used User Journeys to map
the life of an older adult in an urban context. This user journey
then reflects their technological practices and interactions with
an urban environment on a day-to-day basis, this user journey
acts as an information carrier for the next action.

Participatory action 2: Policymakers and
civil servants

This action consists of a series of expert interviews and co-
creation- and information gathering workshops. The first set of
expert interviews or reflections with data experts or employees
of the necessary departments of a municipality is necessary to
reflect on the user journeys created by the older adults and to
help determine which kind of data is already available. This is
followed by workshops where policymakers and civil servants
are invited to provide feedback on the previous activities with
older citizens. The goal is to examine how user requirements
are present in existing policy and to explore the existing gaps.
Here the first step is to find agreement between possible policy
objectives and older adults’ needs, as not all needs can and
should be translated into policy. After this validation, it is
necessary to review the existing data sources to determine if
it is possible to use them for data-driven decision-making to
create policy. If data sources are not yet available, it will be
necessary to determine which data should be collected to achieve
the policy objectives. In the H2020 URBANAGE project, a co-
creation workshop with civil servants was organized in each
pilot city or region. The goal was to capture the active initiatives
and needs and to validate, align and prioritize the requirements
defined by the older adults in the previous action. Thanks to this
structure researchers were able to validate the barriers reported
by older adults. One example of this is the lack of availability of
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FIGURE 4

Showing the motivators for older adults to be involved in user research according to Fischer et al. (2020).

public toilets reported by older adults in the Flanders pilot. Civil
servants were able to respond to this requirement, by explaining
that the real issue was to communicate to older citizens
where these bathrooms are located, subsequently resulting in a
dismissal of this requirement. In the cases where civil servants
agreed with the requirements of the older adults, the technical
feasibility was determined, meaning the existing data was
examined and possible technical solutions were discussed for
new data collection. An important aspect of this action is that
it is necessary to review the currently available data resources.
This means that during this workshop it is necessary to include
a stakeholder who is aware of the data and its possibilities. By
reviewing the available data, it becomes possible to establish
where data can distinguish between older adults and others in
the population. This action will result in (1) data needs, (2) it
will define technical specifications, and (3) will introduce new
possible data collection methods that would work in tandem
with the existing data and resources.

Participatory action 3 create user journey
together

The third participatory action involves older people and
civil servants. The goal is to validate, prioritize, and collect
missing user requirements. In this activity, civil servants and
policymakers are paired in groups with older adults and are
invited to place the different user requirements in a user
journey and to include new requirements if needed. This will
facilitate civil servants to understand the barriers from the older
people’s perspective and facilitate older people into prioritizing
the requirements according to their daily experience. In the
URBANAGE project, each couple of participants was given a
user journey and asked to indicate the moments or objects
that influenced their route positively and negatively. To do so,

they were invited to use a set of elements representing the
prioritized requirements (e.g., data sources and functionalities)
collected during the previous workshops. Each user journey was
accompanied by a question designed following the project and
the pilot scope. In Flanders, for example, older people were
asked to describe their route from their home to the doctor
or supermarket during extreme weather conditions (snow, rain,
ice, and heat). For that, they were given positive and negative
elements such as dangerous steps, unsafe sidewalks, greenery,
good and bad furniture, and acceptable walking distance. If
the older adults identified an influential element was missing
participants were able to create new tokens to represent that
element. Thanks to this activity the URBANAGE pilots were
able to validate the features and data sources to be integrated.
Moreover, the outcomes of this activity also informed the
different stakeholders about the existing data gaps related to
older citizens. The input and participation are essential to this
project as it aims to address the needs of the older population
in the urban environment through the use of disruptive
technologies and digital twins.

This participatory action is the moment where the iterative
nature of this framework is tested. Within this workshop
the policymakers and the older adults together review the
reprioritizing done in the previous action separately by the
policymakers and civil servants. It includes the presentation
of the available data sources and a review of the user
journeys taking into account this new knowledge of where
and how data is gathered. The two groups together review
and refine the adjusted user journeys and recalibrate the
journeys to incorporate previously discarded priorities if
deemed necessary. In our example, we used the user journeys
as a necessary boundary object to enable discussion and to
create a shared medium for older adults and civil servants to
create understanding and enable easy adjustments. Using the
user journeys, it is possible to reflect on their daily practices.
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FIGURE 5

Shows the original PAR4POA framework (above) and the steps actual applied in the H2020 project URBANAGE (below) to enable comparison.

The result of these sessions will be readjusted and validated
user journeys that can form the basis for the recommendations
for the next step. As these user journeys are informed by
both older adults and civil servants it can also lead to
further informed communication strategies for public outreach
regarding initiatives.

Recommendations for data-driven policy

In this phase the results of the activities of the previous
phases are translated into an actionable document, for example,
one or more user requirements reports. The actionable
document should briefly describe the methodology, the main
outcomes of the desk research, the outcomes of each activity, and

finally, it should contain an analysis of the final requirements
as determined by older adults and civil servants. This will
be the base for an implementation plan. To facilitate the
technical team in prioritizing data sources to be integrated and
features to be developed, it is important to include a list of
the prioritized user requirements. In this way, the technical
team will be able first to assess which data sources need to be
integrated or reused. In the case of the URBANAGE project,
this actionable document consisted of two reports, one related
to the activities themselves and one reporting on the results
which in this instance ultimately resulted in an implementation
plan. The user requirements report also provided meaningful
insights about common needs and challenges in all the pilot
sites faced by older people and civil servants. For instance, in
all the pilot sites older people reported issues related to the
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lack of maintenance of the urban infrastructure, the presence
of obstacles on the sidewalks, and the lack of resting places.
When addressing the needs of older citizens in the urban
environment, civil servants reported common technical, urban,
and communication challenges. Among the technical challenges,
they reported issues related to the lack of data, the difficulty
in filtering extensive data sources, and the difficulty of linking
different data sources coming from different departments and
urban scales. These technical challenges often result in a lack
of urban or policy action as civil servants are not aware
of what spaces are not accessible for older adults or where
they should prioritize policy and interventions. In addition,
the lack of good communication channels with older people
is making it difficult for them to inform older people about
the different existing initiatives and resources. This further
complicates information collection about the older citizens’
needs and preferences. It is recommended to organize an
event to share the findings of the actionable document, these
dissemination events ensure that the reports act as a new
boundary object for those in different departments on a
city level and participants can see tangible results of their
active participation ensuring that they remain engaged for
future activities. The URBANAGE project on the basis of the
earlier mentioned guidelines organizes dissemination activities
to ensure continued engagement from all participants. The
activities are held periodically both reporting on work in
progress and achieved goals. This gives the participants a clear
idea of the value of their input to the project overall and
to present them with the estimated impact their participation
will have. Furthermore, these events can act as a moment
of reflection and accountability as the various stakeholders
can discuss the project’s achievements and objectives in a
neutral setting.

Conclusion

The invisibility of older adults in the datafication of
urban life can become a problem if this incomplete data
is used for policymaking. Therefore, the representation
of those vulnerable to digital exclusion should be a
focus when introducing data-driven decision-making for
creating policy. The PAR4POA framework and the use-
case of URBANAGE present a means to ensure that the
needs and requirements of older adults are considered
when creating data-driven policy. Our framework was
partially incorporated in the URBANAGE project, here the
successful participation of older adults informed a final
report that will enable policymakers and civil servants in
the pilot areas to make informed choices in their future
data-driven policymaking.

Figure 5 shows the idealized PAR4POA framework and
the actual steps taken in the URBANAGE project. Although

not completely implemented in the URBANAGE project the
framework was tested sufficiently to state that its use should
enable representation of older adults’ data within policy making.
Ideally, we would propose the use of the PAR4POA with
various groups within one project to ensure that the various
lived experiences and needs of citizens are considered while
developing tools for automatic policymaking. The inclusion of
older adults within the smart-city data will enable policymakers
to provide solutions that are significantly able to improve
the urban experience for older adults. At the same time by
using this method the policymakers will be able to datify
social actions and habits that were previously invisible to them.
This last will ensure that predictions and analysis based on
the available data would be more accurate. The PAR4POA
as envisioned here has not yet been fully tested as Figure 5
shows and future research should be done to reflect on the
effectiveness of the full application of this framework in different
settings. We finish this article by restating that inclusion of
older adults within datasets used for policy making is essential.
Especially as their inclusion would ensure that older adults
remain able to fully participate in smart cities and enjoy an
autonomously existence.

Data availability statement

The original contributions presented in the study are
included in the article/supplementary material, further inquiries
can be directed to the corresponding author.

Ethics statement

Ethical review and approval was not required for the study
on human participants in accordance with the local legislation
and institutional requirements. The patients/participants
provided their written informed consent to participate in
this study.

Author contributions

CL took the lead in writing the article and was in charge of
organizing and editing. JD contributed in both content as well
as writing. IM and AJ provided feedback and advice on writing
as well as editing. All authors contributed to the article and
approved the submitted version.

Funding

The research leading to these results has received funding
from the European Union’s Horizon 2020 Research and
Innovation Program Under Grant Agreement No. 101004590

Frontiers in SustainableCities 10 frontiersin.org

https://doi.org/10.3389/frsc.2022.956787
https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org


van Leeuwen et al. 10.3389/frsc.2022.956787

and by SBO-Grant S005221N, funded by The Research
Foundation—Flanders FWO.

Acknowledgments

The Digital Ageing Consortium is composed of researchers
from Vrije Universiteit Brussel and University of Antwerp:
Ignace Glorieux, Dimitri Mortelmans, AJ, Anina Vercruyssen,
Nico De Witte, IM, Werner Schirmer, Bram Spruyt, CL, Jorrit
Campens, and Nelly Geerts. The authors would like to thank the
other members of the Digital Ageing Consortium. Furthermore,
we would like to thank Silvia Urra from TECNALIA and Basque
Research and Technology Alliance (BRTA) in Derio, Spain for
her assistance and organization.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

References

Abril-Jiménez, P., Rojo Lacal, J., de los Ríos Pérez, S., Páramo, M., Montalvá
Colomer, J. B., and Arredondo Waldmeyer, M. T. (2020). Ageing-friendly cities
for assessing older adults’ decline: IoT-based system for continuous monitoring
of frailty risks using smart city infrastructure. Aging Clin. Exp. Res. 32, 663–671.
doi: 10.1007/s40520-019-01238-y

Ageing Europe Eurostat (2020). Available at: https://ec.europa.eu/eurostat/
statistics-explained/index.php?title=Ageing_Europe_-_statistics_on_population_
developments (accessed October 19, 2021).

Arup, Help Age International, Intel, and Systematica (2015). Shaping Ageing
Cities: 10 European Case Studies. Available online at: https://www.arup.com/
perspectives/publications/research/section/shaping-ageing-cities# (accessed June
20, 2022).

Asher, L., Aresu, M., Falaschetti, E., and Mindell, J. S. (2012). Most older
pedestrians are unable to cross the road in time: a cross-sectional study.Age Ageing.
41, 690–694. doi: 10.1093/ageing/afs076

Bardzell, S., and Bardzell, J. (2011). “Towards a feminist HCImethodology: social
science, feminism, and HCI,” in Proceedings of the SIGCHI Conference on Human
Factors in Computing Systems (Vancouver BC Canada: ACM), 675–684.

Buolamwini, J., and Gebru, T. (2018). “Gender shades: intersectional accuracy
disparities in commercial gender classification,” in Conference on Fairness,
Accountability and Transparency (New York, NY), 77–91.

Costanza-Chock, S. (2018). Design Justice, A.I., and escape from the matrix of
domination. J. Design Sci. 2–13. doi: 10.21428/96c8d426

De Maeyer, C., and Markopoulos, P. (2020). “Are digital twins becoming our
personal (predictive) advisors?” in Human Aspects of IT for the Aged Population.
Healthy and Active Aging, eds Q. Gao and J. Zhao (Springer), 250–268.

Dencik, L., Hintz, A., Redden, J., and Treré, E. (2019). Exploring data justice:
conceptions, applications and directions. Inform. Commun. Soc. 22, 873–881.
doi: 10.1080/1369118X.2019.1606268

D’Ignazio, C., and Klein, L. F. (2020). Data Feminism. Cambridge, MA: The
MIT Press.

Doyle, J., Murphy, E., Kuiper, J., Smith, S., Hannigan, C., Jacobs, A., et al.
(2019). “Managing multimorbidity: identifying design requirements for a digital
self-management tool to support older adults with multiple chronic conditions,” in
Proceedings of the 2019 CHI Conference on Human Factors in Computing Systems.
Glasgow: ACM, 1–14.

Durick, J., Robertson, T., Brereton, M., Vetere, F., and Nansen, B. (2013).
“Dispelling ageing myths in technology design,” in Proceedings of the 25th
Australian Computer-Human Interaction Conference on Augmentation,
Application, Innovation, Collaboration - OzCHI’13. Adelaide, SA: ACM
Press, 467–476.

Eubanks, V. (2019). Automating Inequality: How High-Tech Tools Profile, Police,
and Punish the Poor. First Picador Edn. New York, NY: Picador St. Martin’s Press.

Ferri, G., Bardzell, J., and Bardzell, S. (2017). Rethinking age inHCI through anti-
ageist playful interactions. Interact. Comp. 29, 779–793. doi: 10.1093/iwc/iwx012

Fischer, B., Peine, A., and Östlund, B. (2020). The importance of user
involvement: a systematic review of involving older users in technology design.
Gerontologist 60, e513–e523. doi: 10.1093/geront/gnz163

Heyman, R. (2019). “Sharing is caring, a boundary object approach to mapping
and discussing personal data processing,” in Privacy and Identity Management.
Fairness, Accountability, and Transparency in the Age of Big Data IFIP Advances
in Information and Communication Technology, eds. E. Kosta, J. Pierson, D.
Slamanig, S. Fischer-Hübner, and S. Krenn (Cham: Springer International
Publishing), 21–31.

Iordache, C., Mariën, I., and Baelden, D. (2017). Developing digital skills and
competences: a quick-scan analysis of 13 digital literacy models. Ital. J. Sociol. Educ.
9, 6–30. doi: 10.14658/pupj-ijse-2017-1-2

Kensing, F., and Munk-Madsen, A. (1993). PD: structure in the toolbox.
Commun. ACM 36, 78–85. doi: 10.1145/153571.163278

Koceva, M. M., Brandmüller, T., Lupu, I., Önnerfors, Å., Corselli-Nordblad,
L., Coyette, C., et al. (eds.) (2016). Urban Europe: Statistics on Cities, Towns and
Suburbs. 2016 Edn. Luxembourg: Publications Office of the European Union

Laenens, W., Mariën, I., and Walravens, N. (2019). Participatory action research
for the development of E-inclusive smart cities. Architect. Cult. 7, 457–471.
doi: 10.1080/20507828.2019.1679447

Luijkx, K., van Boekel, L., Janssen, M., Verbiest, M., and Stoop, A. (2020). The
academic collaborative center older adults: a description of co-creation between
science, care practice and education with the aim to contribute to person-centered
care for older adults. IJERPH 17, 9014. doi: 10.3390/ijerph17239014

Mahler, C. (2020). Human Rights of Older Persons : The Data Gap : Report of
the Independent Expert on the Enjoyment of All Human Rights by Older Persons.
Geneva: UN. Available online at: https://digitallibrary.un.org/record/3875014/files/
A_HRC_45_14-AR.pdf (accessed October 19, 2021).

Manor, S., and Herscovici, A. (2021). Digital ageism: a new kind of
discrimination. Hum. Behav. Emerg. Tech. 3, 1083–1093. doi: 10.1002/hbe2.299

Mohamed, S., Png, M.-T., and Isaac, W. (2020). Decolonial AI: decolonial theory
as sociotechnical foresight in artificial intelligence. Philos. Technol. 33, 659–684.
doi: 10.1007/s13347-020-00405-8

Rémillard-Boilard, S. (2018). “Two: The development of age-friendly cities
and communities,” in Age-Friendly Cities and Communities (Bristol, UK: Policy
Press). Available online at: https://bristoluniversitypressdigital.com/view/book/
9781447331322/ch002.xml (accessed July 25, 2022).

Rosales, A., and Fernández-Ardèvol, M. (2019). Structural ageism in big data
approaches. Nordicom Rev. 40, 51–64. doi: 10.2478/nor-2019-0013

Rosales, A., and Fernández-Ardèvol, M. (2020). Ageism in the era of digital
platforms. Converg. 26, 1074–1087. doi: 10.1177/1354856520930905

Frontiers in SustainableCities 11 frontiersin.org

https://doi.org/10.3389/frsc.2022.956787
https://doi.org/10.1007/s40520-019-01238-y
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Ageing_Europe_-_statistics_on_population_developments
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Ageing_Europe_-_statistics_on_population_developments
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Ageing_Europe_-_statistics_on_population_developments
https://www.arup.com/perspectives/publications/research/section/shaping-ageing-cities#
https://www.arup.com/perspectives/publications/research/section/shaping-ageing-cities#
https://doi.org/10.1093/ageing/afs076
https://doi.org/10.21428/96c8d426
https://doi.org/10.1080/1369118X.2019.1606268
https://doi.org/10.1093/iwc/iwx012
https://doi.org/10.1093/geront/gnz163
https://doi.org/10.14658/pupj-ijse-2017-1-2
https://doi.org/10.1145/153571.163278
https://doi.org/10.1080/20507828.2019.1679447
https://doi.org/10.3390/ijerph17239014
https://digitallibrary.un.org/record/3875014/files/A_HRC_45_14-AR.pdf
https://digitallibrary.un.org/record/3875014/files/A_HRC_45_14-AR.pdf
https://doi.org/10.1002/hbe2.299
https://doi.org/10.1007/s13347-020-00405-8
https://bristoluniversitypressdigital.com/view/book/9781447331322/ch002.xml
https://bristoluniversitypressdigital.com/view/book/9781447331322/ch002.xml
https://doi.org/10.2478/nor-2019-0013
https://doi.org/10.1177/1354856520930905
https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org


van Leeuwen et al. 10.3389/frsc.2022.956787

Schimpl, M., Moore, C., Lederer, C., Neuhaus, A., Sambrook, J.,
Danesh, J., et al. (2011). Association between walking speed and
age in healthy, free-living individuals using mobile accelerometry—a
cross-sectional study. PLoS ONE 6, e23299. doi: 10.1371/journal.pone.
0023299

Sillevis Smitt, M., Montakhabi, M., Morton, J., van Leeuwen, C., Bombeke,
K., and Jacobs, A. (2022). “Users’ perceptions of a digital stress self-monitoring
application: Research insights to design a practical innovation,” in Universal Access
in Human-Computer Interaction. Novel Design Approaches and Technologies.
HCII 2022, Vol. 13308, eds M. Antona, and C. Stephanidis (Cham: Springer).
doi: 10.1007/978-3-031-05028-2_22

Skouby, K. E., Kivimäki, A., Haukiputo, L., Lynggaard, P., and Windekilde, I. M.
(2014). Smart Cities and the Ageing Population (Marrakech). 1–12.

Smets, A., Ballon, P., and Walravens, N. (2021). Mediated by code:
unpacking algorithmic curation of urban experiences. MaC 9, 250–259.
doi: 10.17645/mac.v9i4.4086

Sourbati, M. (2015). “Ageism in digital information provision: the case of online
public services for older adults,” in International Conference on Human Aspects
of IT for the Aged Population (Los Angeles, CA: Springer), eds. J. Zhou and G.
Salvendy, 376–386.

Sourbati, M. (2020). “Age and the city: the case of smart mobility,” in
International Conference on Human-Computer. Springer. Available online
at: https://link.springer.com/chapter/10.1007/978-3-030-50232-4_22 (accessed
November 24, 2021).

Sourbati, M., and Behrendt, F. (2020). Smart mobility, age and data justice. New
Media Soc. 23, 1398–1414. doi: 10.1177/1461444820902682

Sourbati, M., and Loos, E. (2019). Interfacing age: diversity and
(in)visibility in digital public service. J. Digital Media Policy 10, 275–293.
doi: 10.1386/jdmp_00003_1

van Leeuwen, C., Jacobs, A., Mariën, I., and Vancruyssen, A. (Under
review). Media representation of older adults in 20 years of digital
inclusion debate: autonomy and ageism in The Netherlands and Flanders.
Ageing Soc.

van Leeuwen, C., Smets, A., Jacobs, A., and Ballon, P. (2021). Blind
spots in AI: the role of serendipity and equity in algorithm-based
decision-making. SIGKDD Explor. Newsl. 23, 42–49. doi: 10.1145/346850
7.3468514

Van Mechelen, M., Zaman, B., Bleumers, L., and Mariën, I. (2019). “Desiging
the internet of toys for and with children: a participatory design case study,” in
The Internet of Toys: Practices, Affordances and the Political Economy of Children’s
Smart Play Studies in Childhood and Youth, eds. D. Holloway and G. Mascheroni
(Cham: Springer International Publishing: Imprint: Palgrave Macmillan),
181–203.

Vanmechelen, O., Verte, D., Teugels, H., Buffel, T., De Donder, L., Glorieux,
M., et al. (2012). Zorgnoden en-behoeften: De kijk van de Brusselaar. Analyse van
sterktes, zwaktes, kansen en bedreigingen van de Brusselse woonzorg. Kenniscentrum
Woonzorg Brussel. Available online at: http://www.woonzorgbrussel.be/sites/
default/files/BehoeftenonderzoekBrusselseZorgVolledig.pdf (accessed June 21,
2022).

Walravens, N., Compernolle, M. V., De Marez, L., Ballon, P., and Colpaert,
P. (2019). “Open data and the core competences of government: lessons from
flanders, Belgium,” in TPRC47: The 47th Research Conference on Communication,
Information and Internet Policy.

Ward, T., and Ozdemir, E. (2012). Disparities in Access
to Essential Services. European Union. Available online at:
file:///Users/coravanleeuwen/Downloads/SSO_RN8_2012_Access%20services_
Final.pdf (accessed October 25, 2021).

WHO. (2007). Global Age-friendly Cities: a Guide. World Health Organization.
Available online at: https://apps.who.int/iris/handle/10665/43755

Frontiers in SustainableCities 12 frontiersin.org

https://doi.org/10.3389/frsc.2022.956787
https://doi.org/10.1371/journal.pone.0023299
https://doi.org/10.1007/978-3-031-05028-2_22
https://doi.org/10.17645/mac.v9i4.4086
https://link.springer.com/chapter/10.1007/978-3-030-50232-4_22
https://doi.org/10.1177/1461444820902682
https://doi.org/10.1386/jdmp_00003_1
https://doi.org/10.1145/3468507.3468514
http://www.woonzorgbrussel.be/sites/default/files/BehoeftenonderzoekBrusselseZorgVolledig.pdf
http://www.woonzorgbrussel.be/sites/default/files/BehoeftenonderzoekBrusselseZorgVolledig.pdf
https://file:///Users/coravanleeuwen/Downloads/SSO_RN8_2012_Access%20services_Final.pdf
https://file:///Users/coravanleeuwen/Downloads/SSO_RN8_2012_Access%20services_Final.pdf
https://apps.who.int/iris/handle/10665/43755
https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org

	Invisible in the smart city: Using participatory design methods for age-friendly solutions
	Introduction
	Background
	Age-friendly and smart cities
	Datafication and older adults

	Participatory action research for policy with older adult
	Preparatory phase
	Participatory action 1: Older adults' lived experiences and motivation
	Participatory action 2: Policymakers and civil servants
	Participatory action 3 create user journey together
	Recommendations for data-driven policy

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


