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ABSTRACT
The article explores the Pervasive Information Architecture (PIA) framework
as a theory and set of tools that support the identification of both the
multiple physical/digital, spatially oriented elements that make up urban
life and, importantly, the obstacles and barriers to information flow
between them. As an example, the article presents the application of the
framework in studying how first-generation immigrants experience the
urban natural environment in Turku, Finland. This research contributes to
advancing our understanding of how Pervasive Information Architecture
can be effectively used to analyse, design, and optimize urban landscapes,
thereby promoting a more inclusive urban development.
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Introduction

In the contemporary, data-driven society, physical and digital spaces have become inextricably
entangled, to such an extent that it is difficult (and counterproductive) to try to separate them
(Amin and Thrift 2017; Benyon 2014; Valentini, Lorusso, and Stephan 2020). This is especially
true when considering the urban realm. Indeed, in urban space, digital technologies are an
integral part of the places individuals live their lives in, work, shop, travel, and meet. These
places are neither physical nor digital: they are indeed blended spaces (Benyon 2014) and con-
stitute the contemporary urban structure on which the digital or smart city is built (Kitchin,
Cardullo, and Di Feliciantonio 2019). A blended space is a space ‘where a physical space is
deliberately integrated in a close-knit way with a digital space’ (O’Keefe and Benyon 2015,
7) and whose structure and properties emerge from its specific, embodied combination of
physical and digital.

‘Digital environment’ is a shorter way to refer to those technologies that ‘profoundly shape
the way we experience the world around us [but] are hidden from our direct perception.
Examples… include social/machine learning algorithms, information and communication tech-
nologies and technologies that fall within the Internet of Things’ (Wood 2021, 632). Scholarly
works in various disciplines have broadly acknowledged their entanglement with space (DeNar-
dis 2020; Tedeschi 2022). Kitchin, already in 1998, recognized how ‘cyberspace, rather than pro-
viding an alternative world, exists in a symbiotic relationship with real space’ (1998, 403);
‘phrases such as “being on the Internet” or “being off the Internet” no longer have distinct mean-
ings’ (DeNardis 2020, 15).
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In the Onlife manifesto, Floridi acknowledged the fact that humans need to be re-interpreted ‘as
informational organisms living and interacting with other informational agents in the infosphere’
(Floridi 2015, 54), which incorporates the physical and digital spaces as one. For Kitchin and Dodge
(2014), code has profoundly carved its way into the urban, so much so that it keeps materially pro-
ducing new paths and directions. For example, these paths have become so pervasive in the urban
space that even the simple act of walking on a street entails that individuals are always crossing
some kind of digital, coded space as well – the mobile phone’s GPS tracking their movements,
WI-FI and mobile data networks filling the air, location-enabled online services that they encounter
just by moving around (Greenfield 2017). Indeed, software is also spatial (Dodge, Kitchin, and Zook
2009), and digital has made its way into physical space to such an extent that they have effectively
blended into a novel space (Benyon 2014), one that affects the urbanites’ everyday life (Resmini and
Lacerda 2016; Tedeschi 2022) and that presents new characteristics, new affordances, and new pos-
sibilities for action.

More systemic approaches (Armson 2011) that can help model, describe and explain the urba-
nites’ environment as a blend of physical and digital space, and the important role that infor-
mation plays in it, are then needed to carry out urban geography research. One such method
(and theory) is time-geography, which has been updated with new tools and perspectives from
the increasingly blended nature of geographical spaces (Couclelis 2009; Kwan 2002). Time-
geography methods can for example shed light on the variation in the use of technologies in
their socio-spatial contexts, looking at how they are integrated in urbanites’ everyday lives and
micro-activities (Thulin and Vilhelmson 2012). Thesemicro-activities are relevant because, as De Cer-
teau maintained, ‘they secretly structure the determining conditions of social life’ (1984, 96). Here time-
geography can be used ‘to depict and further analyse how communicative actions interact, complement,
and compete in the daily lives of individuals’ (Thulin and Vilhelmson 2012, 392), in both physical and
digital spaces.

Similarly, information architecture, especially contemporary information architecture (Davis
2012; Resmini 2021) as it has been developed in the Pervasive Information Architecture (PIA)
framework (Resmini and Lindenfalk 2021; Resmini and Rosati 2011), is concerned with structuring
information flows for everyday activities that straddle physical and digital spaces. However, unlike
time-geography, PIA is a generative, designerly framework that looks at how the layout, structure
and informational content of the environment can help to build a more coherent, consistent, and
meaningful experience of the urban.

The article highlights the role of PIA as a theory and set of tools that can be successfully applied
to urban geography research by looking at a multiplicity of physical/digital elements (touchpoints)
that are connected by the information flowing between them (through seams). These information
flows create the seamful environment in which the different experiences of the urbanites unfold as
they pursue their goals and desired future states (Benyon and Resmini 2017; Resmini and Linden-
falk 2021). The article presents an application of the framework to a study of how immigrants
experience the urban natural environment in Turku, Finland. The goal of the research was to
improve the immigrants’ health and well-being by studying, and if necessary, better supporting
their relationship with urban natural areas in and around the city.

The research questions are as follows: (1) how can the PIA framework be applied to urban
geography research? (2) how can it contribute to supporting a consistent and meaningful everyday
life in blended environments?

Accordingly, the article is divided as follows: (1) the next section presents the PIA theoretical
framework and its connections with the broader field of urban geography research, and within
it, the layout, structure and informational content of the urban environment; (2) then, the materials
and methods of the research are listed, highlighting their connections with PIA; (3) finally, the
adoption of the framework in the specific project studying urban nature as experienced by first-
generation immigrants living in Turku, Finland, is discussed. Conclusions recommending PIA as
a framework to be used in urban geography research are then drawn.
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Pervasive information architecture in urban geography research

The PIA framework is a generative, heuristic framework for the design of the blended, digital/physical
space where a certain experience unfolds (Resmini and Rosati 2011). An ‘experience’ is here intended,
expanding on Grossman (2006) and following (Resmini and Lacerda 2016), as ‘any event an actor
considers relevant and related to achieving a desired future state’, a definition that ‘fits naturally to
complex, pervasive experiences such as “paying one taxes”’ or, as is our case, enjoying the natural
environment of the city. These experiences ‘present fuzzy boundaries’ and are those ‘mostly
influenced by personal mobile computing (and) social interactions’ (Resmini and Lacerda 2016).

The framework has been variously applied in the fields of user experience, information architecture,
computer science, urban geography, and urban design, among others, even though its application to
the urban field is still limited. A pervasive information architecture models and describes a semantic
space of action that encompasses all experience-related spaces, contiguous and non-contiguous, and
that is entirely actor-driven and actor-centred. This semantic space, which bounds what is defined
as the experience ecosystem (Resmini and Lindenfalk 2021), the ‘place in which the experience unfolds’
(Benyon and Resmini 2017), is primarily approached as a system of relationships between the infor-
mation-based elements that are part of the experience. The PIA framework does not represent a net-
work (Castells 2009; 2010a; 2010b; Massey and Wield 2003) or actor-network (Latour 2005) theory
approach to the problem space, but rather a designerly hands-on approach to sense-making and co-
design with research participants. As illustrated later in the paper, it is conceptually structured to favour
immediacy, participation and discussion over ‘mathematical’ precision.

The PIA framework introduces five heuristics that are used to explore and design an information
space, formulated on the basis of research and project work conducted between 2005 and 2010
(Resmini and Rosati 2010): placemaking, consistency, resilience, correlation, and reduction
(Resmini and Rosati 2011). The five heuristics are medium-nonspecific, and can thus be used to
structure the relationships between all informational elements in the environment (actors, tasks,
touchpoints, seams) and design the information flows that allow people to make sense of their
experience (Benyon and Resmini 2017). In this sense, the framework introduces an information-
based view of habitable space that resonates with the idea of humans as informational beings
and ‘information-processing machines whose existence depends on the ability to interpret the
information present in their surroundings’ (Salingaros 1999, 32), including the urban spaces they
inhabit (Tedeschi 2019). The primary goal of the framework is therefore the creation of a coherent
and meaningful sense of presence and belonging through the correct shaping of information flows
in support of placemaking, sense-making, and agency. The heuristics have been variously applied
in research (Covert 2012; Renzi 2017; Renzi and Almeida 2020) and in projects dealing with urban
mobility (Resmini et al. 2021), ambient-assisted living (Lindenfalk and Resmini 2019), the design of
extended reality environments (Resmini, Lindenfalk, and Jauhiainen 2023) and of cultural heritage
sites (Rosati 2020; Rosati, Schena, and Massacesi 2014).

The following paragraphs shortly define the five heuristics and the way they relate to urban
geography research. While the heuristics are here explained separately, they are strongly inter-
related and are meant to support each other.

Placemaking

The heuristic placemaking benefits people by contributing to building a sense of place, increasing
way-finding across physical, digital and blended environments, and reducing disorientation
(Resmini and Rosati 2011). Based on the acknowledgment that ‘the most fundamental human
experience’ is that of ‘apprehending oneself as a body located in space’ (Ryan, Foote, and Azaryhau
2016, 35), and that ‘spatial thinking is the foundation of abstract thought’ (Tversky 2019, 72), pla-
cemaking is the fundamental heuristic upon which the other four are grounded. A sense of place
and belonging is supported by unencumbered agency leading to experiences that produce positive
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feelings and outcomes. For this purpose, physical, cognitive, cultural, and emotional barriers and
obstacles would need to be removed or reduced as much as possible.

This idea of placemaking is well-known and has a long history in urban geography research and
design as well. While it is not possible to review here the entirety of the literature on placemaking in
the discipline, suffice it to cite for example the Street Life Project, started by William Holly Whyte in
1969 in NewYork (Whyte 1988). Through the observation of urban public spaces and the active inter-
action with people using them, Whyte aimed to build meaningful spaces facilitating the community
activities and movements. Together with him, other scholars, for example Lynch (1960) and Apple-
yard, started exploring the socio-psychological sides of the use of the public space, and how they could
become relevant dimensions in the design of the space itself, and in the way in which the latter could
facilitate a sense of place, belonging, and meaningfulness (see for instance Ewing et al. 2016; South-
worth et al. 2012). In contemporary cities, studies of the layout, structure and informational content of
the urban environment for placemaking need to consider and incorporate digital space and the way it
blends with physical space to create a novel space of action, in so doing acknowledging and moving
forward with the digital turn in geography (Ash, Kitchin, and Leszczynski 2018).

Consistency

In this sense, it is important that the same structural logic is applied throughout the different digital
and physical environments that constitute the space of the experience (Resmini and Rosati 2011) to
avoid disorientation and cognitive overload. This is external consistency. Internal consistency is
typical of medium-specific artefacts, where information is usually designed to suit a well-defined
purpose in well-defined contexts. Internal and external consistencies are integrated, and the need
for such integration is apparent when we look at experiences, such as those happening in urban
space, where people have to rely on a number of different physical and digital touchpoints, for
example when coupling information on a ticket to information on public transit coming from
ambient displays, or when using digital or augmented reality map systems such as Google Maps
to supplement any cues provided by the physical environment like landmark buildings and sounds-
capes. To avoid cognitive friction, the organizational principles structuring the pieces of infor-
mation that need to be accessed should be the same or relatable.

This idea of structure and consistency relates to the concept of rhythm. In their everyday lives,
urbanites routinely follow certain patterns of movement. This means that their activities have an
inner rhythm, and such rhythmic repetition is, or should be, supported and facilitated by the
built environment. The literature on rhythm analysis is vast; one of the most famous works on it
was by Lefebvre (2004 [1992]), where he showed how space and time are rhythmically interrelated
in the production of everyday life. This rhythmicity of urban life – which again trickles down from
the fact that spaces are experienced by urbanites as eminently embodied – can be translated into a
design element guiding the internal and external consistency of the layout, structure and informa-
tional content of the urban environment, whereby ‘the weaving together of numerous rhythms pro-
duces distinct forms of spatio-temporal consistency’ (Spinney 2010, 117) in cities. Haverty and
Bates (2021) have explored how the ideas of rhythm and time relate to the structures of contempor-
ary pervasive information architecture.

Resilience

Rhythm thus relates to the fact that the design of a given space needs to be attuned to its users. This
has to do with the way in which people and their space find a common rhythm, how embodiment
shapes the relationship between people and a certain space and how the space itself plays a primary
role in reinforcing belonging and ontological security. In this sense, resiliencemeans that the infor-
mation architecture should adapt to the specific needs and seeking strategies of people (Resmini and
Rosati 2011). The literature on cities and resilience is vast; lately the attention is concentrated on
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how cities are flexible enough to deal with unexpected adversities, also thanks to the pervasivity of
information and communication technologies (Sharifi et al. 2022). However, resilience is not simply
adapting to unpredictable circumstances: it is also the capability of an urban space to affect and be
affected by the micro-movements and activities of the urbanites (Tedeschi and Gadd 2021); in short,
to attune itself to their bodily presence and provide different possibilities of experiencing and
embodying it: ‘Urban space should have certain qualities if it is to be responsive to human feelings
and sensibilities’ (Salingaros 1999, 30).

Reduction

All five heuristics aim at reducing disorientation in space and its negative consequences, which are
partly due to the increasingly growing amount of information people are constantly exposed to in
blended spaces. Reduction specifically refers to minimizing the frustration and cognitive load that is
related to choosing from a growing set of information sources and services (Resmini and Rosati
2011). Thus, the information architecture necessarily has to correctly manage the information
loads of an environment, so that choices are not removed, but rather reorganized in ways that
make them more accessible and meaningful for people.

The idea of information overload is cited in a variety of disciplines, including planning for
(smart) cities (Bawden and Robinson 2020). Indeed, not only are humans informational beings,
but the urban space can be itself defined as an information space (Tedeschi 2019) where:

We build structures so that we may connect to them; this extends our consciousness to our immediate sur-
roundings. If, on the other hand, we cannot connect to surrounding surfaces, then we find ourselves in an
alien environment, and our most basic instincts drive us to leave it. (Salingaros 1999, 29)

The reorganization and better design of blended urban spaces can help reduce the feeling of being
overwhelmed by the quantity of information that space conveys and communicates, and make the
latter better connected with and embodied by the urbanites and their activities.

Correlation

Whenwemove across spaces (for example, fromphysical to digital space or vice versa) or between con-
texts, relevant informationprovided by less knownor hard to use touchpointsmay remain disconnected
and thus unattainable. This againmight be a source of confusion and disorientation as information that
wouldmake a certain activity simpler or possible at all is missing from the person’s context and no links
are established with information from other useful sources. Here, the heuristic correlation means that
the information architecture proposes relevant connections between pieces of information, goods and
services to help people achieve their goals or latent needs (Resmini and Rosati 2011). One of the pur-
poses of an information space should be to help the user build such proper/new correlations and, thus,
shared meaning, so that all relevant pieces of information can be meaningfully brought together.

Similarly, the design of the urban, where the physical and the digital spaces are inextricably
blended in the urbanites’ experience of everyday activities, should support continuity and corre-
lation across information flows (Arthur and Passini 1992; Jonsson 2002). This should help over-
come, or at least reduce, the physical, cognitive, cultural, and emotional barriers that the lack of
meaningful connections in the urban space sometimes brings about.

Materials and methods

This section introduces a demonstrator case, used as an example of how a pervasive information
architecture approach can be applied to urban geographical research. Thus, here the focus is not
the empirical study itself, and its results, but rather how the framework works in detail. The field-
work was conducted in Turku – a city located on the southwest coast of Finland. Of the
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city’s 194,000 inhabitants, 12.6% have a foreign background (Statistics Finland 2020a). Russian,
Arabic, and Somali are the most frequently spoken foreign languages in Turku (Statistics Finland
2020b). The demonstrator case in Turku concerns these immigrant groups (Arabic-, Somali-, and
Russian-speaking) and their access and enjoyment of the outdoors.

The City of Turku has expressed the need to understand how these people use the city space,
and thus, to conduct sustainable and inclusive action to improve the immigrants’ health and
well-being, reduce the third-level digital divide (impact of the internet, social media and,
more broadly, digitalization on the lives of the population; Schreeder, Van Deursen, and Dijk
2017) negatively affecting access to the urban environment, and enhance the attractiveness of
urban nature in more remote and segregated places. Some members of these groups have
limited knowledge of their own surroundings and of the activities in nearby natural areas
(Tedeschi et al. 2022). Looking into the research participants’ everyday activities, identifying
the barriers to access information about natural areas, supporting smooth information flows
between the physical and the digital spaces of outdoors experiences, and redesigning the
urban space accordingly to increase the sense of belonging and ‘being-in-place’ (placemaking)
would help make less known natural areas more present and attractive for immigrants living in
different parts of the city.

Interviews were used to increase our understanding of how first generation immigrants experi-
ence urban nature and to collect information about the physical and digital steps the research par-
ticipants take when they do. In other words, we asked them to describe their experiences in natural
urban spaces and produce a narrative list of all the micro-activities they go through when they
decide to carry out outdoor activities (such as taking the bus, walking, opening Google maps,
using an app with nature paths, etc.). We conducted 13 semi-structured interviews, 11 in-depth
individual interviews and two group interviews. These were used to gain the urbanites’ general per-
spective, find out how the information was flowing (or not) between the physical and digital spaces
they encountered, and reach a better understanding of how the design of the urban (natural) spaces
could be changed or improved to support placemaking.

Probes – an ethnographic method – were used to gain even deeper insight into individuals’
daily tasks in relation with nature: specifically we looked at how the blended nature and design
of space supported them, the resources everyone had to reach their goals, and the barriers to
access information. The probes consist of ‘individual packages of mixed-media materials that
are given to research participants to allow them to document and record elements of their
daily lives and thoughts’ (Robertson 2008, 2). 13 participants volunteered to record their daily
lives and keep diaries for 14 days (between May and June 2021). The probes included in-depth
interviews after the individual material collection. The participants had two daily tasks: to state
what captured their attention in their environments and/or made them (un)comfortable, and
to explain when they used a paper map, a website, an app, or asked for directions, to orient
themselves in the city, or to find more info about nature walks and paths. Specifically, they
were asked to share what app or website they were using, how they were using it, and how
they felt about it. In the instructions, we also listed two apps and two websites to move around
Turku and its surroundings, and to find services in the city. The participants wrote notes, took
photographs, recorded voice messages, and made drawings according to their preferences.
Informed consent was asked before the activities.

The written data (e.g. transcribed interviews, notes, diaries) and pictures and photographs
were analysed using thematic content analysis (Nowell et al. 2017) with the help of the
NVivo® program. Here, the pervasive information architecture framework guided our analysis
of the data, as described in the next section. First, we built the journeys towards nature using
the research participants’ interviews and the material they shared with the probes. To do this,
we identified the different steps that are needed to reach nature. Finally, the journeys were
represented using the Personal-Local-Remote (PLR) syntax method (Resmini and Lindenfalk
2021) and combined into an ecosystem map.
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Applying the pervasive information architecture framework to data

The pervasive information architecture framework and its heuristics – placemaking, consistency,
resilience, reduction, correlation – offer a way to formalize how the experience ecosystem as a
whole does or does not support people as they try to achieve their desired future states. It concerns
itself with the information flows that structure the space of the experience and how they may or may
not be accessible to people when they are needed, in a way that makes sense to people and that helps
them accomplish their goals. For this purpose, it is necessary to start from observing what people do
in their everyday urban life, and analyse how information flows facilitate the variety of micro-activi-
ties the urbanites carry out, and how their absence or current configuration hampers or prevents
them. Accordingly, we used the interviews and the probes to identify the self-described relevant
micro-activities the research participants took when they wanted to be outdoors, and analysed
them to formalize ‘steps’, the informationally relevant elements that identify touchpoints and
seams that either helped or hindered them along the way. We called ‘journey’ the collection of
all the steps needed to describe an entire experience, usually describing a trip from home to engage
in some activity in a natural urban area, and ‘path’ its formal representation in PLR syntax.

From all of the research participants’ stories we identified at least one journey to nature per per-
son, with a few more active persons providing us with several journeys, and produced 32 individual
journeys in total. Each journey was also described through a storyboard, explaining the initial goal
and the actions and steps required to achieve it. For example, one research participant explained
that, after a long study day, they wanted to go outside to refresh themselves. First, they used the
internet to look for a natural place and then called a friend to ask if they wanted to join. After
that, they searched for and then chose a means of transportation that could take them to their des-
tination. Several further actions were taken before the natural area was reached. In some cases phys-
ical, cognitive, cultural, and emotional barriers emerged that delayed, changed, or completely halted
the initial intention: a lack of company or a lack of information on how to reach the desired desti-
nation made it less enticing or problematic; the weather conditions in the winter and the icy or slip-
pery ground made leaving the house seem impractical or possibly dangerous.

Personal-Local-Remote (PLR) syntax

The PLR syntax is a method to map experiences as a system of simple spatial relationships that form
an actor-centred information architecture (Resmini et al. 2021; Resmini and Lindenfalk 2021).

It was specifically created to tie together the processes of discovery and improvement so that a solid, if
designerly, foundation could be provided to the heuristic-based approach of the PIA framework. Since
the design process for an experience in blended space concerns itself primarily with the global structure
and dynamics of the ecosystem itself, the PLR method aims at making the information architecture
intuitively visible so that ‘undesirable patterns of behaviour’ (Gharajedaghi 2011, 150) that maintain
and recreate the current homeostasis can be culled, modified, recast through the introduction of
alternative that challenge the current underlying behavioural assumptions (Gharajedaghi 2011).

The syntax was developed with two specific goals in mind: to allow collaborative mapping using a
simple but formalized low-fidelity hands-on approach, so that the method could be used in the course
of co-design activities; and to account for both a person’s individual experience of their journey and the
vastly more important general overview of the experience ecosystem as a non-linear space of relation-
ships between elements (touchpoints) connected by means of information flows. To do so, PLR relies
first on the formalization of ‘paths’, and second on the formalization of one or more ‘ecosystem maps’.

From journeys to paths

PLR first represents a person’s own account of their experience as a formal path whose geometry
intuitively reflects that experience’s cognitive load and complexity by means of a few basic spatial
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conventions (Lindenfalk and Resmini 2019; Resmini and Lindenfalk 2021). Shorter, straightforward
or right leaning paths represent journeys that required the least effort; paths that lean right rep-
resent journeys that relied on access to local informational touchpoints, and required some more
effort; paths that veer or lean left, that consist of a long series of steps, or that include repetitive
loops describe experiences which required the most effort, and often involve temporal delays or
movement between locations (Figures 1 and 2).

Paths consist of a sequence of ‘steps’. In a path described according to the PLR syntax, hexagons
are used to represent the individual steps taken by a person, such as ‘taking a bus’. Steps comprise a
touchpoint (a coloured hexagon) and the seam (grey hexagon) that connects it to the next touch-
point. Since PIA takes an information-based approach, a touchpoint could be any informational
element part of the journey: it could be a physical object such as a bench or a bike; a location,
such as a school, forest, or playground; a digital artefact, such as a website, mobile app, or ambient
display; a biological entity, such as person (friend, teacher or neighbour), animal, or plant; or an
event such as a picnic, outdoor exercise, or weather situation. The granularity of touchpoints (a
smartphone vs a function of a certain mobile app on a smartphone) is derived from the participants’
journeys: it can vary and it is a significant path characteristic, as it provides an initial insight into
how the person values, either positively or negatively, or does not value and ignores a specific inter-
action. Paths are linear narratives that develop through time. Arrows are used to indicate direction-
ality and progression.

A formalized PLR syntax is then used to colour- and positionally-code each touchpoint to intui-
tively indicate the effort, movement, or time required to access it. Personal touchpoints (coded
green, placed straight on) represent information the person possesses, for example knowledge of
a bus timetable, or a smartphone to look arrival times up. Little to no effort is usually needed to
access and use personal touchpoints. Local touchpoints (coded yellow, placed right) represent
information in the person’s immediate environment, such as a real-time display or a bystander.
Local touchpoints require more effort than personal touchpoints. Remote touchpoints (coded
red, placed left) represent information that is either unknown, harder to obtain, or distant in
time or space, and require the most effort, energy, or movement. Local and remote touchpoints
are further divided into stronger (placed side forward, easier to access) and weaker (placed side
backward, harder to access) ones according to the degree of effort needed. Grey seams between
touchpoints represent the flowing of information that allows the person to move forward in
their experience (Resmini et al. 2021). Figures 1 and 2 show examples of two different paths
built according to the PLR syntax and based on the journeys described by the research participants:
the individual steps were extracted from the research participants’ written narratives, discussed, and
then formalized in accordance with the syntax.

The personal narrative of the person’s experience starts at the blue hexagon. In Figure 1 the per-
son is at home and decides to take a walk. They use their smartphone (first touchpoint) to look
things up. The smartphone is a personal item that the person possesses, and it is right there for
them to use, so it is green, personal. They want to be sure of the route and see if there are sights
or places to visit. Therefore, they open the CityNomadi app (second touchpoint), but they cannot
get the app to work (red, remote weaker). Next, they try to use Palvelukartta, which is a map of
services provided by the city (third touchpoint). Unfortunately, this app does not provide them
the information they need either (red, remote weaker). Lastly, they try Opaskartta, which is a
guide map provided by the city. This map is better and allows the person to figure out where to
go for their walk (red, remote stronger). They set out on foot (green, personal). The walk to
their destination (Runosmäki) is quite long, requires checks to be sure one is on the way, and
some time (red, remote stronger). While walking, they see flowers by the road and stop to look
at them (yellow, local stronger). They use their phone to take a picture of the flowers (green, per-
sonal). Next, they open Google maps to check their direction again using the street view mode
(green, personal). They continue to walk towards Mälikkälä, which again takes some effort (red,
remote stronger). When they reach Mälikkälä, they find a beautiful forest and decide to enter it
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Figure 1. PLR syntax – Example of path.
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Figure 2. PLR syntax – Example of path.
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(yellow, local weaker). This type of forest reminds them of their childhood home. This feeling is
marked in a seam with a green border, indicating positive social or cultural reinforcement. They
observe more interesting flowers and plants (yellow, local stronger) and then reach their destination
(purple touchpoint).

In Figure 2, the path begins at home once more (blue hexagon). The person would like to go out,
but they would prefer to have a friend accompany them. They then take their phone (green, per-
sonal) to call a friend. However, the friend declines the invitation. This generates a negative feeling,
marked with a red border on the seam, indicating negative reinforcement. Despite this, they open
the Retkipaikka app, which is new to them, to find a nice outdoor area to visit. The app shows differ-
ent places for outings, but uses symbols that the person does not understand, making it ultimately
useless (red, remote stronger). They try the CityNomadi app, but it is also difficult to understand
(red, remote stronger). Finally, they open the Opaskartta, a guide map provided by the city,
which is more familiar to them (yellow, local stronger). They find an outing place they like and
open Google Maps to check for a suitable route (green, personal). They then go out and walk
along the river towards their destination, a relatively long walk (red, remote stronger). On the
way, they stop at an art event by the riverside (yellow, local stronger). After a while, they arrive
at their destination (purple touchpoint).

Sometimes barriers that impede the flow of information emerge and people withdraw from
action. These barriers were represented via a red border on the seam and named accordingly. In
Figure 2, the seam in the third step that begins with the remote touchpoint is one such barrier: a
‘negative social or cultural reinforcement’, as per its label, that generated initial frustration and
stunted progress. Language barriers, user experience issues with an app or website, or environ-
mental constraints can also all act as negative reinforcements. In the third step of Figure 2, the per-
son gives up on the apps Retkipaikka and CityNomadi and overcomes the difficulty by using
another app (OpasKartta) to try to find more info about the destination place (Halinen), until
finally settling on Google Maps. While CityNomadi (red, remote weaker) was not useful in
terms of achieving the goal of knowing more about the destination, the local map Opaskartta (yel-
low, local stronger) was a bit more familiar to the user, but the person still needed Google Maps to
find the route to the destination.

In general, barriers encountered in the study had emotional, cultural, cognitive, or physical
reasons. For example, an informational text was provided in a language that the person was unable
to understand; or the person felt uncomfortable in a given situation because they did not know what
behaviour was expected of them (paths were not clearly marked or differentiated, or the rules for
accessing a natural area were unclear). Atmospheric weather also acted as a physical barrier to out-
door activities during parts of the year (for example by making roads icy and slippery).

Judging whether a touchpoint should be considered local or remote required careful analysis of
the data available. This point is acknowledged in PLR, which stresses the qualitative and contextual
nature of the formalization process (Resmini and Lindenfalk 2021). For example, visiting a play-
ground was a typical activity mentioned in the study that required such attention: for adults
with children, it is usually a familiar everyday activity in a place close to home. That is, it should
be a local touchpoint. But it is not infrequent to encounter journeys in which a playground is either
further away or the adults are not so knowledgeable of its whereabouts, of access rules, or have
themselves social or cultural constraints that might suggest the type of cognitive load best
represented by a remote touchpoint.

From paths to the ecosystem map

After analysing the research participants’ journeys and formalizing them into paths, the second step
of a PLR process requires combining them in what is called an ecosystem map.

The paths represent the personal experience of individuals: they are linear, directed, and partial.
The ecosystem map synthesizes all partial views in a non-linear, directionless view that only
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presents the integration, flow, and relative importance of all touchpoints encountered by the
individual interviewees that had that specific experience (Lindenfalk and Resmini 2019; Resmini
et al. 2021).

Touchpoints from the individual paths are clustered and counted, and seams between the clus-
ters are identified, regardless of whether they were traversed only once (i.e. that seam only existed in
one path) or many times. Since the seams represent the information flow between two touchpoints,
the absence of a seam indicates that no movement between the two was described in the journeys
and therefore formalized in the paths: from the perspective of the people having the experience, this
means that no one could or would progress by connecting those touchpoints (Resmini et al. 2021).

In this sense, the ecosystem map conveys primarily information about whether information
flows exist between touchpoints so that disconnected touchpoints can be immediately identified
and eventually acted upon if necessary, but it also provides important secondary insights that relate
to integration and relative importance. Integration is represented by the number of seams a touch-
point cluster has to other touchpoint clusters, and it directly correlates to how the specific touch-
point represented by the cluster allows people to move forward and does not represent either a
bottleneck or a dead end, experience-wise. Relative importance is represented by the number of
hexagonal tiles that comprise a specific cluster, and it visually indicates how consistently relevant
that specific touchpoint was in the various individual journeys.

Clustering touchpoints requires them to be categorized, and the level of granularity used for
the categorization is a contextual decision that has to be taken on a case by case basis based
on the overall goals the mapping is meant to support. In this case, for example, the touchpoints
‘car’, ‘bus’ and ‘bike’ were combined and labelled as ‘transport’ since there was no interest in
differentiating among them. Similarly, different outdoor areas named in the journeys were com-
bined under the label ‘nature area’. Only a few touchpoints that were consistently identified by
participants by name become categories and then clusters in their own right. The Google Maps
app, used by most of the research participants to navigate to their destinations and always clearly
identified as such, was one of these. Once the process was complete, 15 touchpoint clusters had
been identified.

We then calculated how many touchpoints any of these 15 clusters contained: this was a simple
operation of verifying how many ‘cars’, ‘buses’ and ‘bikes’ we had in the individual paths, for
example, and then adding an equal number of hexagon tiles to that specific cluster. If we had 10
such touchpoints, then the ‘transport’ cluster would comprise 10 tiles. Then we looked for any
seam connecting any touchpoint part of the ‘transport’ cluster to any other cluster. When we
had mapped all existing seams we started to manually combine the clusters and their seams into
the ecosystemmap. Compositing all 32 paths into a single map proved to be too complex for a man-
ual process, therefore a choice was made to introduce a cut-off point and leave out those paths
representing journeys that did not lead to visiting natural areas, since they were found to provide
only peripheral insights and just increased the importance of a few already represented clusters, or
those that comprised large numbers of steps, since the increase in steps derived primarily from
more granular narratives that again did not serve the overall purpose of the study but led to unma-
nageable increases in complexity. In the end, the ecosystem map combined 15 of the most repre-
sentative journeys, the result of a mapping phase that was mostly based on trials and errors. It is
important to stress that these trial and error activities are an integral part of the PLR learning pro-
cess: the map is a working tool for the researchers, and not a final deliverable meant to illustrate a
solution. Figure 3 shows the ecosystem map with colour-coded touchpoint clusters relating to
enjoying natural urban areas in Turku.

The ‘transport’ and ‘natural areas’ clusters in Figure 3 wrap around the map top-to-bottom. The
‘phone’ cluster wraps around left-to-right. The ‘info media’ cluster wraps around both top-to-bot-
tom and left-to-right. The tiles that lie across the map boundary, represented by the dotted black
line, are repeated on both sides and faded out. This is a practical shortcut meant to solve a visual-
ization issue that relates to presenting the ecosystem through a flattened map. Alternative options
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include the use of several distinct partial maps and the rendering of the map as a spherical projec-
tion: both of these introduce additional problems, either by artificially decomposing the ecosystem
in ad hoc parts, or by making the map less immediately readable.

Colours are used to highlight three different base channels, the ‘pervasive layers carrying infor-
mation around the ecosystem’ (Resmini and Lacerda 2016, 20): yellow hues are used for clusters
that belong to the ‘physical’ environment, blue hues for ‘digital’ clusters, and green hues for
social/activity-related clusters. The existence and the number of seams between clusters that belong
to different channels is an indicator of how easily or successfully people can blend information
sources to support their experience. In Turku, the physical/digital integration is 6, but important
parts of the physical environment, ‘signage’ for example, seem to be disconnected.

The map shows that the most sizable touchpoint category cluster is ‘info media’, comprising
16 tiles, meaning the category was mentioned 15 times across all journeys, and with an integration
factor of 6. The ‘info media’ cluster includes social media, all kinds of digital applications and other
ways to obtain information (for example the above-mentioned local apps CityNomadi, Retkipaikka,
Palvelukartta, and Opaskartta belong to this group). The second largest cluster is the (mobile)
‘phone’ (13, with integration 7). Then we have ‘natural areas’ (which is usually the destination
along with the ‘picnic’) at size 10 and integration 7, ‘transport’ at 9 and integration 5, and then
the ‘Google maps’ cluster at size 8.

Figure 3. Ecosystem map using the PLR syntax.
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The contribution of a pervasive information architecture approach to a consistent
everyday life

The urbanites’ everyday activities and routines in the twenty-first century happen in blended space
(Benyon 2014) and have them engage with digital and physical information elements in the
environment (Resmini and Lindenfalk 2021). In the case presented above, the blended space
taken into consideration is that of enjoying the natural outdoors of the city, and a PIA approach
was adopted to explore how specific groups of urbanites, immigrants, could be better supported
through the identification of what elements would help them establish a more solid sense of
place and belonging and contribute to making their use of digital and physical space a more
unified and cohesive experience.

The results from the case show that the current approach to the design of urban natural spaces – in
which physical signage, mobile apps, voice assistants, urban design components are not purposefully
considered to be part of one single pervasive information environment – did not always help research
participants enjoy the outdoors or learn more about the natural environment and the possible activi-
ties therein. This means that the information space within which the research participants carried out
their activities was fragmented, and that cognitive, emotional, or physical hindrances interrupted at
times the flow of information, making their journeys harder, longer, or plain impossible.

The formalization of PLR paths provided an effective way of visually showing how difficult a specific
journey proved to be and where eventually the flow of information stopped, making the pieces of infor-
mation necessary to achieve a certain goal (reaching a natural destination, in our case) unattainable.
This introduced unnecessary cognitive load, required effort to overcome, and as a consequence forced
research participants to either give up or find alternative and more demanding ways to proceed. These
‘make-or-break’ touchpoints in a journey identify possible leverage points, where changes can be intro-
duced that support the urbanite’s needs and that sensibly considers the entirety of the digital/physical
environment. In general, these paths also visually show that an urbanite’s journey usually consists of a
complex choreography that can be more or less physically, emotionally, and cognitively demanding,
depending on the type of resources the person needs, the elements present and attainable in the
environment, and on how (dis)connected these are. A well-integrated experience ecosystem will better
support a multiplicity of journeys; a badly integrated one, one where information flows between digital
and physical touchpoints are frequently hindered or stopped altogether, will not.

Remote/weak touchpoints showed how using mobile apps or websites was often a difficult task for
the interviewees, mostly in dependence of language barriers (lack of or insufficient knowledge of the
Finnish language) and cognitive barriers (finding, downloading, and using relevant apps; finding the
right information on the internet). The journey data contains 10 journeys where information flows
are hindered by the presence of one or more of these barriers. Cultural and emotional barriers
were also identified: some of the participants found Finnish forests scary and dangerous, others
did not know how to dress for cold weather. This in addition to the already mentioned physical
barriers related to not knowing how to handle icy or slippery roads during the harsh winter times.

The importance of digital applications in accessing natural places is shown by the number of
instances of touchpoints related to ‘info media’, ‘Google maps’, ‘phones’, and ‘nature pictures’ in
the ecosystem map, 40 in total (Figure 3). Some of the participants did not know their neighbour-
hoods and the urban nature therein beyond what their routine demanded. Thus, they tried to rely
on digital space (such as the internet, Google maps, mobile apps) to find information about natural
places, or about what kind of activities were possible outdoors. While investigating their journeys,
we found out how unfamiliarity with both the physical and the digital environments related to natu-
ral areas produced disorientation and, in few cases, deterred personal initiative and exploration.
This clearly does not support establishing and maintaining a sense of place and belonging,
which are essential to any placemaking intervention. To explore this further, additional obser-
vations were made that looked at the original data, the journeys, the PLR paths and ecosystem
map in the light of the heuristics previously introduced (Figure 4).
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The participants’ placemaking was stronger when the natural area was already familiar to them (for
example because their routine activities brought them there), or they had memories from their home
countries that they could emotionally connect with their natural destination in the hosting country
(correlation). On the other hand, lack of signage (or difficulties to understand the signs) or lack of ser-
vices disoriented and discouraged them. The lack of services is of particular interest here: the need for
clear indication of public transportations, or supermarkets in the vicinity showed how some of the
research participants felt more comfortable when they could place the natural areas in an urban con-
text. Other research participants highlighted the need to have QR-codes or similar scan-to-access
entryways on signage and generally in the physical environment, leading to online information provid-
ing more details about the area offered in different languages (consistency and resilience). Indeed, they
found some of the existing physical signage too information-rich, hard to parse and therefore not use-
ful (reduction and consistency). The layout of the individual signs (including colours and forms) was
also an important factor, and long textual descriptions were singled out as problematic and discoura-
ging, suggesting that the use of text, images and colours should be revisited to facilitate way-finding and
reduce disorientation (placemaking). This supports the notion that, if a PLR approach indicates that
the blended space being explored does not properly offer support to the PIA heuristics, and especially
placemaking, it is useful, as we did, to go back to the data to possibly identify the root of the problem.

Conclusions

The main objective of this study was to introduce a set of tools to carry out urban geography research
by approaching urban space as a blended space. As a rich body of geographical work has shown,
urban environments are becoming increasingly complex and digital and physical spaces are more
and more intertwined in everyday urban life. For example, exploring the geographical dimensions
of pervasive computing, Dodge, Kitchin, and Zook elaborated on why software matters in geography,
and one of the reasons they found is that it is changing ‘the nature of everyday practices’ (2009, 1283).
In fact, not only has software made itself spatial: it is also literally making and producing (everyday)
space. Thus, the very urban fabric results to bemade of software. In a similar vein, Rose (2017), in turn
citing Ash, Kitchin, and Leszczynski (2018), recalled that geographies are increasingly produced by
the digital, which is reconfiguring how cities are made and experienced. Moreover, she continued,
the digitally mediated city is also changing and affecting the humans’ very agency, by making it
‘always already (digitally) sociotechnical’ (2017, 789). Non-representational geographies, actor-net-
work theory and science and technology studies are among the growing bodies of work that Rose
identified as exploring the current making of the digitally mediated cities.

Figure 4. Experience ecosystem facets and pervasive information architecture heuristics.
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Building upon this body of literature, in this article we argue that to disentangle such complex-
ities systemic approaches are needed. They would allow us to increase our understanding of urban
space as a blended space, how it is experienced and embodied by the urbanites, and what existing
barriers, in either digital or physical space or in moving from one to the other, prevent people from
accessing the information they need to successfully achieve their goals. Accordingly, the research
implemented a pervasive information architecture framework to study how some urbanites from
the immigrant population in Turku are informationally supported (or not) by the design of
urban blended spaces in their accessing and using natural urban areas. The research was carried
out to be actor-driven and citizen-centric, and to focus on human-information and human-
environment interactions.

The article exposes the conceptual andmethodological tools used in the Turku study to address the
problem space as a blended space, by approaching urban space from a specific systemic perspective
that does not separate digital technology from the natural or built environment, or any human activity
(Hine 2015). If the city is a digital, ‘smarter’ city (Paskaleva and Cooper 2019), it seems just logical to
study it as a complete information space, a blend of physical space and digital space, designed to facili-
tate and support the urbanites’ sense of place and belonging. For this purpose, we adopted a pervasive
information architecture approach, a generative, heuristic framework for the co-creation and co-pro-
duction of blended, digital/physical environments (experience ecosystems) where the entirety of an
individual’s experience unfolds. The framework introduces placemaking, consistency, resilience, cor-
relation, and reduction as medium-aspecific design heuristics that can be successfully used to support
a person’s sense-making and sense of belonging. The heuristics identify the foundational elements
that create a structure of meaningful relationships and information flows between people, artefacts,
locations, and the activities possible therein. This approach promotes consistency across digital
and physical spaces, better placemaking to support a sense of presence, and a high degree of corre-
lation to support a proactive, explorative approach to the urban space.

The research brought to light a number of barriers, interruptions and deviations that make
the existing information environment less than optimal, and that prevented some of the
research participants from enjoying the natural urban areas in and around Turku. The
Personal-Local-Remote paths and the ecosystem map allowed us to reflect first, formalize
second, and identify third the touchpoints where physical, cognitive, cultural, or emotional
barriers made a seam unpassable, stopped or disrupted the information flow, and as a conse-
quence hampered or interrupted someone’s journey. For example, the paths made visible
how the digital services supporting access to nature did not offer a way to integrate physical/
outdoor activities and leisure and free time opportunities in one’s journey, thus generating frus-
tration and disorientation. This resulted in people not being able to properly sense-make and
place-make and thus failing to thoroughly enjoy the natural areas: some hiking paths for
example remained unknown and mostly inaccessible.

Considering the increasingly complex informational nature of the city space, of which this study
is only an example, a pervasive information architecture approach and its methodological set of
tools (PLR-syntax) may be used as an inspiration for example by geographical research revisiting
and updating classical time-geography concepts in digitally mediated cities and environments
(Couclelis 2009; Shaw 2023). It not only suggests new designerly ways to formalize how urbanites
navigate the blended urban space, but also helps evaluate how success or unsuccess in gathering
information as well as the quality and hands-on nature of the information provided influence every-
day activities in the urban. Of course, further research is needed in order to strengthen the theor-
etical and empirical link between PIA and urban geography, to design more consistent and resilient
urban blended spaces and thus promote more inclusive access to urban areas.
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