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One tree matters: reflections on
data as a design material in urban
forestry

Angela Rout!*, Sophie Nitoslawski2 and Lorien Nesbitt?

!Design Data and Society Group, Department of Architecture, Faculty of Architecture and the Built
Environment, TU Delft, Delft, Netherlands, 2Urban Natures Lab, Department of Forest Resources
Management, Faculty of Forestry, University of British Columbia, Vancouver, BC, Canada

This exploratory study explores the potential contexts and opportunities for emerging
visual data in urban forest design. Forestry experts deploy drone-mounted digital
sensors to capture detailed visual and spatial data urban vegetation. These sensors
generate point clouds that not only inform ecological analysis but also visually
construct urban environments from a pedestrian perspective. Even though many
data sources and visualisation tools such as GIS are available, how visualised data
should be integrated into design practice is still unclear. Using a prototype multi-
sourced data visualisation, we conducted eight semi-structured interviews with
urban forestry experts to elicit reflections of the analytical and cultural roles of
data visualisations in the domain. Thematic analysis of the interview transcripts
revealed three design-oriented themes: (1) design analysis, (2) public engagement,
and (3) sustainability. By analysing expert reflections, this paper considers potential
research directions for visualising social and ecological data as a design material
in the built environment. We discuss the implications of such visualisations for
the broader community of spatial planning research including urban designers
and communication scholars, proposing future research directions that leverage
visual data to better design evolving urban landscapes.

KEYWORDS

data-centred design, urban nature, data visualisation, tracking data, human-nature
interactions, data as a design material, urban forestry, built environment

1 Introduction

Researchers claim that strategically designing urban forests can improve our world
(Endreny, 2018). Parks and green infrastructure provide the public with opportunities for
nature exposure, and as social-ecological systems, they are considered multifunctional and
contribute a range of ecosystem services and benefits to urban dwellers (Vogt, 2020). Cities
that provide rich nature-based environments for residents to experience in their daily lives
have been shown to support resilience and promote physical and mental wellbeing (Endreny,
2018; Nesbitt et al., 2017).

Large amounts of data continuously being generated is rapidly gaining momentum as a
promising resource for city designers (Bibri and Krogstie, 2017). New advances in ubiquitous
handheld tracking devices such as wearables and smartphones (Rout and Galpern, 2018), as
well as low-cost aerial photography options such as drones (Simic Milas et al., 2018), have been
seen as opportunities for urban forest design (Nitoslawski et al., 2019). And while many data
sources from smartphones, and fixed sensors have been available for decades (Rout et al.,
2021), researchers express a need for more research exploring both the practical applications
for such tools, as well as the contexts in which they function (Tuncer and Benita, 2022).
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In this paper we explore data as a design material within the
specific subdiscipline of design in urban forestry. Data as a design
material is a conceptual approach emerging in the human computer
interaction space (Lee-Smith et al., 2023). Many terms have been
proposed by researchers to explain various ways data is, or should be,
a part of design decisions including: data-centric design (Chen et al.,
2022), data-enhanced design (Gorkovenko et al., 2023), data-enabled
design (Bogers et al., 2016), data-driven design (Funk et al.,, 2024),
data-driven thinking (Tuncer and Benita, 2022). We recognise that
there is potential for confusion since the term design is used to refer
to the activities of built environment experts and also to the design of
software and data visualisation tools. We recognise that, data tools are
embedded in decisions and activities of urban forest practitioners, and
therefore the way that data is designed is a factor in how the built
environment is conceived. Yet, in this paper we refer primarily to
design as practiced in domains of the built environment. We make the
argument that in many ways urban foresters participate in design
activities and engage with data both in analytical and in
experiential ways.

Our approach to design is informed by design theories that draw
on humanist perspectives, as well as scientific approaches (Archer,
1979; Norman, 1988; Salama, 2008). As such design can be a practice
for “drawing things together” and a useful concept for considering the
entangled difficulties of our political, natural and material existence
(Latour, 2012). Data in design should always be understood within the
contexts in which the design exists, and the design process is not
necessarily formulaic or scientific (Yaneva, 2012).

In addition to design-research theory, digital and critical
geography concepts (Ash et al., 2019; O’Sullivan, 2006) provide helpful
theoretical contexts to explore geographic representations and related
implications. For this paper we consider the terms “map” and “site
plan” as interrelated and, at times, synonymous terms under the
umbrella of spatial data visualisation. Visual data, such as point clouds,
and movement tracking data, are processes of mapping, and thereby
function not only as analytical tools but also as communicative
embedded
Leszczynski, 2006).

artifacts in design processes (Schuurman and

The benefits of urban forests are well documented. How to realise
them and retain them are bigger questions involving human values,
behaviours, and perceptions. Such processes shape environments over
time, and can be considered, albeit broadly, as design. In this project
we consider the conversations, contexts and future ideas surrounding
visualised geographic data as a design material in urban forestry.
Through a series of interviews with urban forest experts this paper
aims to identify broad areas of culture and practice where data
visualisations are a part of urban forest design. Based on this reflection
we identify research questions that show potential to help the design
of natural spaces in cities.

1.1 Research background

Urban forest design is a relatively small and emerging area of
research. We know of no specific studies exploring visualised data in
the field, yet there are many neighbouring and intersecting domains
of the built environment that can inform our work. Urban forestry, is
an interdisciplinary research and practice discipline involving the
multidimensional aspects of evaluating, managing and designing
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vegetation in urban settings (Bell et al., 2005; Konijnendijk et al.,
2006). As such, urban forestry methodologies have foundations in
practices of spatial planning, with overlap in urbanism, landscape
architecture, architecture, and urban ecology (Sternberg, 2000). Multi-
scale spatial planning practices are inherently multi-disciplinary
crossing normative epistemic boundaries (Khan et al., 2014). They
involve bringing together perspectives of space together with an image
of the space itself (Van Assche et al., 2013). While we acknowledge that
the dominant discourse in urban forestry is prevailingly managerial
with minimal qualitative research approaches and perspectives
(Barron et al., 2023; Ostoi¢ and van den Bosch, 2015), our definition
of urban forest design is broader. Our definition, similar to Bell et al.
(2005), refers to human-directed processes that purposefully
transform spatial features, multiple urban scales - from regions to
neighbourhoods to individual sites. This definition extends the
conceptual implications of our research to engage with domains of
spatial planning that include design and design-related activities.

1.2 Spatial data visualisations in design of
the urban built environment

Visualising spatial data in the design of the built environment has
a rich and long tradition. The topic involves the representation of
environmental features, as well as the experience and use of spaces. To
provide an overview of the topic we identify two historical texts that
can be used to symbolise, in broad strokes, dominant approaches in
built environment domains. The first is McHarg’s (1969) Design with
Nature. The second is Lynch’s (1960) The Image of the City. McHarg
offers personal reflection and rich descriptions of perceptions and
experiences of nature that present a experiential perspective. Yet, his
reflection on nature, human fragility, and health culminates in a
systematic methodology for landscape design. The enduring
contribution of the book is a pre-digital technique of drawing “data” on
multiple layers of transparent sheets, spread over physical maps. Today,
this concept of “layers” is near ubiquitous in spatial data visualisation
techniques. The approach enables a visual comparison of many
different types of information that can be compared and cross-
referenced thanks to their geographic character. This layering
technique is formative for the visual functions made available in digital
Geographic Information Systems (GIS) (Steiner, 2022; Wei et al., 2020).

Lynch (1960) also developed analytical frameworks by which
perceptions of the city can be assessed and planned, although his
contributions are fundamentally different from McHarg’s. Lynch’s
concept of the cognitive map to represent perceptions of space
presents the city image as non-Cartesian. The image is a series of
paths, nodes, landmarks, districts and edges. The large tree or church
is a landmark precisely because of how humans view it from the
ground. A path only becomes part of our memory, or our cognitive
map, once we walk it. This approach to mapping has unfolded in
innumerable permutations in design of the built environment,
symbolising a school of thought around recording representing and
mapping perceptions of spatial qualities as part of design research and
exploration (Degen and Rose, 2012). Broadly, Lynch and McHarg
could be loosely linked to concepts of mapping in urban design related
to the different visual perspectives (top view verses ground view). And
while these techniques and theories have permeated every aspect of
design in the built environment, debate continues over how
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communities should use data from multi-source setups to understand
diverse perspectives in design (Tunger and Benita, 2022).

1.3 Spatial data in design of the build
environment

The development of the smartphone with integrated GPS sensors,
provided urban designers with large amounts of human movement
data, that they could associate with environmental features. This
technique is often called “behavior mapping”(Bechtel et al., 1987).
Such approaches, though now visualised and expressed using
interactive digital maps, were originally created using analog methods.
In the 1970s William Whyte researched urban plazas in New York
using observational methods, mapping the behaviours of urban
dwellers using pen, paper and cameras (Whyte, 1980). The resulting
maps and analysis were used to redesign New York’s public spaces.
Researchers have since incorporated behaviour mapping data into
digital maps in Geographic Information Systems (GIS) in the 1990’
and 2000s. Researchers transferred data collected by hand, to digital
systems for visual and statistical analysis (Marusi¢, 2011). In such
representations, the visual representation of data was dictated by the
available features of the GIS software being used, and have become
part of the ever-expanding repertoire of digital geographic visual
display (Wei et al., 2020). As sensor data sources became more
available, researchers have accommodated both larger amounts of
data, and temporal aspects including movement and flows (Andrienko
and Andrienko, 2013). Since the development of the smartphone, with
GPS sensors, researchers have leveraged both proprietary GIS software
as well as custom-built mapping systems to visualise GPS data for
design (Rout and Willett, 2021).

The theory of affordances (Gibson, 1979) provides a framework
for associating human behaviours with the location and shape of
physical objects in the built environment (Gifford, 2016). The
dominant interpretation of the theory in design of the built
environment is that data describing (visualising) behaviours can
be used to design better (Maier et al., 2009). This provides design
researchers in the built environment with argumentation to validate
studying human behaviours as a way to understand designs. The
behaviour mapping approach is analytical and relies on a literal
association between measurable behaviours and the configuration and
location of features in the built environment. Harkening McHarg’s
transparent overlays, the behaviour map is well suited for GIS
representations of cartesian geographic representations, and layers of
recorded activities and trajectories.

On the other hand, critical and digital geographers have offered
alternative perspectives to the dominant scientific applications of
GIS (O’Sullivan, 2006). Researchers have critically examined how
visual representations of spatiality are intertwined with cultural
meaning and digital technologies (Ash et al, 2019). Such
explorations explain that social and cultural perceptions and
experiences cannot be separated from engagement, use and
interactivity with digital tools and environments. Mapping is thus a
key visual technology, central not only to knowledge production and
knowledge communication, but to knowledge politics (Elwood and
Leszczynski, 2013). Critical geography researchers suggest that
traditional GIS approaches should include stronger epistemological
or ontological analysis, arguing that maps and their related
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meta-data, interpretation and application are not only quantitative
spatial documents, but artifacts of culture (Van Inwagen, 1998).
Thus, the map is not only a technique for mechanistic decision
support, it should also engage qualitative and ethnographic
processes as ways to capture deep contexts (Schuurman and
Leszczynski, 2006).

In response, researchers have explored and developed a suite of
approaches that attempt to integrate qualitative information into
mapping techniques. Some integrate GIS methods with human and
social data, such as Participatory GIS (Gower et al., 2023; Kim, 2015).
Other have used multivariable and multi-sourced data visualisations
(Dy et al,, 2022), or qualitative and quantitative data (Arciniegas
et al., 2013). Emerging visualisations have also expanded beyond
conventional mapping, incorporating 3D data visualisations (Garcia
and Montané-Jiménez, 2020). As new environmental and behavioural
data sources emerge, there is an ongoing need for visualisation
techniques that facilitate their interpretability and communicative
potential in real-world practice (Billger et al., 2017; Mears
etal., 2021).

1.4 Data as a design material in urban
forestry

Urban forestry is predominantly a scientific discipline with prominent
discourses in forest management, ecosystem services, biodiversity, urban
planning, and green infrastructure (Ostoi¢ and van den Bosch, 2015).
That said, new research in design of urban forests have explored design
concepts in the field (Barron et al., 2023), highlighting the need or
qualitative parameters in defining quality indicators of decisions (Barron
etal,, 2016). Further, researchers in urban forestry co-produce knowledge
through integrative practices embedded in community practice
(Campbell et al., 2016), or in citizen science activities to monitor human
use of trees in cities (Cambria et al., 2021). Thus, though not typically
considered a design domain, urban forestry engages in activities that
shape the physical form of cities. As such, when incorporated into urban
forestry practices, data is a material of design.

Proprietary GIS software have recently released GIS tools for
presenting multiple types of geographic data sets in multiple windows
on the same screen (ESRI, 2020). The format enables researchers to
display three-dimensional data such as point clouds, next to top views
of maps showing environmental features as well as location data
describing human activities. The screen also enables other forms of
data to be presented such as bar charts or statistical information. The
format differs from typical dashboards in that the data are not linked
to each other, rather they are visually comparable due to their
proximity in a single screen. This multi-window, multi-perspective
data format could thus foster new ways of thinking about data in the
broader cultures and activities of design. Since the technology is only
recently available in ready-to-use formats, there is need for explorative
research to understand the implications for such visualisation in
applied settings. Thus, in this paper we present a case study that
leverages such a prototype, including a multi-window, multi-data
source GIS data visualisation, as a catalyst for discussion around the
use of visualised data in urban forest design. Our aim is to identify
themes withing the opportunity space that future researchers should
focus on when developing and evaluating data visualisation tools in
urban forestry.
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FIGURE 1

Amenities at Pandora Park (A) Playground (B) Picnic Area (C) Splash Park (D) Basketball courts (E) Community gardens (F) Pathways and stairs.

2 Methods
2.1 Prototype data

We gathered prototypical data in an urban park (Pandora Park)
located in East Vancouver, Canada. The park includes a variety of built
amenities such as park benches, an off-leash dog area, a community
garden, playground, splash park, basketball courts, open green areas,
picnic tables and tennis courts (Figure 1). The park is in a dense urban
neighbourhood, surrounded by single family dwellings and within
one block of a busy retail area.

We collected environmental data using RGB sensors connected to
a remotely piloted aircraft system (RPAS or drone). The data outputs
consist of an orthomosaic, a point cloud (.las file format) and an object
mesh (Figure 2). These data files were brought into ArcGIS Pro,
geolocated, and then exported to the ESRI online portal.

We generated human movement data using various sports tracking
applications that include a GPS tracker. We used an Apple watch, Fitbit
and a smartphone with the “Mapmyrun” application. Our research team
walked around the park, engaged in recreational activities there, and
then exported the data into our ArcOnline content. This data collection
process was meant to simulate a sample dataset for the prototype and
was not meant to accurately represent activities of the general population.
It also served to inform us of the challenges and opportunities associated
with using wearables as a data resource for future projects. We also
purchased data for our visualisation. This data was aggregated
smartphone data, collected June — Sept months in 2022. It represented
the sum of park visitors who entered the park and remained there for at
least 20 min. We presented the data as bar charts in the visualisation. To
understand how these data could be used together we combined these
data into one screen view using the proprietary ESRI “Experience
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Builder” tool (Figure 3). These were shared online as a web page. We also
prepared a video to demonstrate the tools interactivity.!

2.2 Expert interviews

The expert interview is a common qualitative empirical research
method that aims to collect data by interviewing people who have
specialised knowledge or experience in a particular field of action.
This method can help uncover phenomena and understand social
realities that may not be easily accessible nor observable by other
methods, including implicit, tacit, or contextual knowledge, as well as
opinions, attitudes, and values (Doringer, 2021). Our intent was to
progress toward constructing categories in the opportunity space of
urban forest design for data visualisation, and explain links between
them, to foster conceptual clarity.

We conducted semi-structured interviews with eight urban
forestry researchers who have a range of knowledge and experience
with design, public engagement and human-nature research. We used
a snowball sampling method, where interviewees suggested other
colleagues who fit the criteria, to recruit researchers at the University
of British Columbia (Vancouver, Canada). During these one-on-one
interviews, we presented the visualisation, and asked the experts how
it might be applied in their work and the problems these kinds of
visualisations might address. Transcripts of the interviews were open
coded and codes were grouped into themes, through axial coding

1 https://youtu.be/FWrtzuVTIVMO
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FIGURE 2
Screenshot of prototype visualisation.
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FIGURE 3
Orthomosaic generated from drone data collected at Pandora Park.

according to established critical grounded theory methods based on
the pre-established study objectives (Timonen et al., 2018). The overall
coding and analysis were conducted by a single researcher and
findings were discussed with the research team and compared to the
notes and quotes in the transcripts. The interview process was

Frontiers in Human Dynamics

approved by the university office of research ethics and the interview
script is available in the Supplementary material.

We first presented the prototype tool and then allowed for
comments and questions. We included questions like “What ways
do you think this tool could be used? What about this tool stands
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out to you and why? After receiving feedback about the specific
tool, we invited speculative comments about this kind of data
visualisation in urban forest applications. Our intention was not
to investigate the specific tool itself, but rather to understand the
opportunities and limitation of tools with similar data and
formats. We asked “What problems can a visualisation like this
solve? And “Can you realistically see yourself using a tool like
this? Finally, we asked about future uses, which experts or
organisations might use a tool like this and what they would use
it for. We also asked if they would make modifications to make it
more useful. For all of the questions we prompted further
discussion and speculation. We asked them questions to provide
more context or detail (“tell me more?,” or “can you explain what
you mean with an example?”).

3 Results

Participants included PhD candidates, research assistants and
professors across ranks. They stated that their expertise included
topics such as: creating green space policy, developing technologies for
green space use and maintenance, green gentrification, park planning,
public space design, park management and community engagement.
We identified three main design-related domains that showed
applicability for the visualisation. These include (1) design analysis,
(2) public engagement (3) sustainability (Table 1).

3.1 Design analysis

3.1.1 Analysing use and underuse of the park
Participants mentioned that knowing locations and paths that
are well-used can help designers understand what features might
be preferred by people so that they can be enhanced, receive more
maintenance, or replicated (P3, P4, P5, P6). Such information was
cited as helpful to learn the human population capacity of the park
by observing the visitation counts, and cross referencing with the
park condition information (P4). Participants talked about
summarising mobility flows within and to the park (P3, P4) as well
as common arrival and exit locations (P6). P6 also explained that

10.3389/fhumd.2025.1391255

knowing when spaces are underused can also help the design of
features that address issues of urban vitality and promote a sense of
safety through programmatic additions or features such as
lighting (P6).

Temporal factors related to use were also seen as useful for
designers to understand which features promote use at various times
of day, week, or year (P6, P3, P4). Participants mentioned that
understanding when park programs are most attended could be helpful
in determining which amenities to include in future renovations or
upkeep, as well as to introduce to other parks nearby (P6, P7).
Additionally, it was brought up that temporal variation can also
be linked to weather and microclimate data which can help designers
provide, maintain or reduce heating or cooling amenities (P3).
Participants thought this could be particularly helpful to understand
how people use tree shade to deal with urban heat (P3), or of vegetation
damage from trampling (P6).

(...it is helpful to know) “where people spend the most time in the
park, to know if changes are needed for design; more shaded areas
to cool down, more exposed areas to enjoy the sun, or more trails are
needed to prevent vegetation from being trampled...” (P5)

3.1.2 Linking a single park to larger urban
processes

Even though this visualisation only presented a single park, P3
and P5 talked about the broader urban context. P5 mentioned the
value of being able to compare multiple parks to learn which features
attract more visitors. P8, P3, and P6 commented that it is important
to understand how people arrive at the park, where they come from
and through which access points, with a particular interest in
accessibility for different populations (P5, P6). P7 also explained that
the visualisation could allow designers to explore how park use
changes with nearby urban gentrification (P7). P7 also requested more
information about the data sample, for designers to evaluate bias or
representativeness of the dataset.

“The power of these kinds of visualisations is in developing future
scenarios. What if you increase entry points? What if you enhance
features? You could simulate behaviours...and inform decisions by
cities, consulting firms, and even think tanks on future
pathways.” (P4).

TABLE 1 Summary of multi-sources data visualisation topics and research questions.

1. Design analysis

o Analysing use and underuse of the park

2. Public engagement

. Sustainability

o Accessing the data from
» Data-centred long term planning
different places

Activities
« Linking a single park to larger urban « Informing urban nature and park
« Advocating for community needs
processes management
Theme Question

Messy interpretations in design

How can spatial data visualisations help designers integrate analytical approaches with experiential readings of built environments?

Conversation starters

How can spatial data visualisations foster meaningful conversation in urban forest design processes?

Working with available tools

How can researchers help urban forest designers integrate the tools and data that are already available to them?

One tree matters

How should spatial data visualisations link personal values and experiences with broader societal and ecological processes?

Frontiers in Human Dynamics
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3.2 Public engagement

3.2.1 Accessing the data from different places

P6, P3, and P2 commented on the utility of the visualisation for
members of the public. Participant comments shifted between use
cases: individuals at home (P6), and groups who might use the
visualisation for organised meetings or events (P2).

P6 suggested individuals could use visualisations like this for park
visitors to plan a visit to the park if they wanted to avoid crowds (P6),
or to select activities to engage in before a park visit (P6). Participants
saw utility for the visualisation to facilitate community park planning
processes, where residents could be informed of park use and spatial
arrangements to provide their feedback and be involved in decision
making (P6). They felt this could also occur at home if the visualisation
is presented online. P3 felt that the visualisation would be a “cool
outreach and community engagement for children” who could see the
park from a new perspective and provide their insights or artistic
interpretations. P2 expressed the value of including the point cloud
data because it means that anyone can gain some insights about the
park even if they do not know the place very well, with this tool
“anyone can participate in outreach” (P2).

“I.am a bit biased, I have always been a visual person. I think better
with pictures and maps. So I really like this tool. But, when I think
about it, I think many people are like me” (P3).

3.2.2 Advocating for community needs

An important impact of an accessible format is that it can facilitate
conversation among many different stakeholders. P7 expressed the
impact that the visualisation can have on policy and park planning if a
comment feature is included in the tool, and if it is shared with the
public online. In this case community residents could track park design
updates and the related changes in activities and use of the park over
time (P7). The visualisation could also be used at a community hall
meeting where residents are asked to provide input in park planning
processes (P7). Such processes would be enhanced if participants were
able to add their own comments, routines or feedback to the data set,
and to engage in community activities even if they are unable to attend
an official meeting (P7). When certain user groups talk to each other
and gather evidence of the importance of a park or certain nature
feature like a tree, they have greater potential to make change at the
political level (P2). Such community engagement activities can
be powerful mechanisms to advocate for community and nature-
centred designs in policy or governmental decision processes (P7).

“If community groups or local residents groups have issues, they can
look at the data and... bring it to council” (P2).

3.3 Sustainability

3.3.1 Data-centred long-term planning

While urbanists have engaged in data-centred planning
approaches for a long time, small-scale projects such as parks often
face challenges in data availability and accessibility. P3 expressed
that after having worked in a local municipality they were surprised
to find that most “tree inventory data was not very user friendly.”
P3 and P4 explained that the point cloud data of the park enables a
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viewer to see a variety of variables that are not available in most
municipal tree inventories such as: the condition of the greenspace
vegetation, tree species, tree height and crown size, and tree
location. P6 felt that the visualisation could help park managers
identify areas that might have maintenance issues. That said,
participants also recognised that data-centric decision making at
the municipal level cannot be entirely solved by data visualisations.
Technologies need to directly relate to practitioners’ tasks and
enable them to do their work more efficiently if they are going to
use it (P8).

“I like the mobility together with the vegetation data... sometimes
you miss the structure with a top-down map.” (P4).

3.3.2 Informing urban nature and park
management

Participants commented on a general lack of data about
individual parks for research, and for municipal decision making. P3
explained that in their role in a municipal park planning office they
would conduct a single visit to each park, per year. They felt that a
visualisation that incorporates data over a longer period would
be much more reliable. Since many park designers are not necessarily
data-experts, they also felt that the visualisation could help them
reference data more easily.

P4, P7 and P8 expressed a desire to use the visualisation to
conduct broader analysis of park use and access across the urban
context. For example, P7 suggested adding development data for the
residential context. The drone data combined with tracking data was
seen as a useful resource for evaluating which ecosystem services are
benefiting residents (P4), and P8 expressed the potential to use
visualisations like this map ecosystem service provisioning across an
urban area.

” If data is available over a long time and across multiple parks and
contexts, one could simulate the provision of nature-based services
to residents, which could inform decisions about allocation of new
green infrastructure” (P4).

4 Discussion

Our results focus on practical applications and utility for data
visualisation tools to directly solve urban forestry problems. That
said, the interviews can help us more broadly identify important
research questions to promote new ways of thinking about data
within the cultures of design in urban forestry. We present four such
questions here in our discussion. These high-level questions emerged
out of reflection on the interviews, as well as our research in
intersecting neighbouring fields in design of the built environment.
Design involves analytical and experiential elements; it is embedded
in cultures and design is always about meaning (Latour, 2012). GIS
research has explored concepts of criticality and participation in
mapping (Elwood and Leszczynski, 2013; Kim, 2015; O’Sullivan,
2006). These research contexts inform our discussion and link two
forms of design: design of the built environment and the design of
data in digital visual tools. We discuss them here with the aim to
stimulate conversation, debate, and ideation around opportunities for
future research in this emerging field.
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4.1 Messy interpretations in design: how
can spatial data visualisations help
designers integrate analytical approaches
with experiential readings of built
environments?

Instead of functioning only as technical tools in a predetermined
workflow, researchers have found that visualisations can also
be open-ended, aimed to stimulate curiosity, and embrace messiness
in interpretation (Beurskens et al., 2022). Yet, more research is
needed to (1) acknowledge such messiness in geospatial and social
research (Law, 2004; Wikstrom, 2023), (2) explore ways to promote
curiosity using data visualisations while providing helpful numeric
2012), and (3) buffer
misinformation and false conclusions (Billger et al., 2017; Kitchin
et al., 2015).

As we presented in the introduction, design of the built

information (Hacigiizeller, against

environment incorporates different ideologies around spatial data to
inform decisions. In some cases, maps are used deterministically (for
example behaviour mapping techniques) and, in some cases, they
inform experiential characteristics of human perceptions of
environments (cognitive maps). In our study, individual participants
spoke about each data source, and about all three together. The
multi-window format appeared to provide the participants with an
opportunity to reflect of each data separately, but also to make cross-
data inferences that could be formulaic (“how many people walk
through this gate?” (P6)), and also interpretive and experiential
(“what does it feel like to sit under that tree?” (P8)). Participants
expressed different reflections on the data, sometimes quantitative
and analytical and sometimes reflective and non-specific. We reflect
that the multi-view format as well as the figurative realism of
geospatial data in three dimensional visualisations could be an
opportunity to invite simultaneous diverging interpretations and
design approaches - ranging from analytical to speculative, to
creative. We reflect that this could contribute to an important
element of design processes - working both analytically, while
recognising that design is always about meaning and ethics
(Latour, 2012).

4.2 Conversation starters: how can spatial
data visualisations foster meaningful
conversation in urban forest design
processes?

Though “conversation-starter” was not explicitly mentioned by
participants, they did express a desire for comment forums or
feedback spaces in the user interface, increased use of similar
visualisations in public engagement meetings, and universal
accessibility for community members. P4 talked about the importance
of letting people just see the data without dictating how they use it.

Other researchers recognise a shift from a “knowledge deficit
model” to dialogue as a key role for data visualisations in planning and
urban design (Metze, 2020). Current researchers explore the role of
digital visualisations to promote public engagement by examining
their impacts on communicative empowerment, communicative flow,
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comprehension, transparency (Gower et al., 2023), realising that
visualised data in a public context is always political, and requires
expertise in social dynamics and facilitation. In such a context
visualisations must speak not only to the mind, but to the heart
(Lakoft, 2010).

In our study we found that the visual nature of the point cloud
data provoked enthusiasm in participants, as did the ability to
contextualise the tracking data in three-dimensional space, and to
consider visitation patterns. The extent to which the visualisation
format promotes dialogue is an opportunity space for further research.

4.3 Working with available tools: how can
researchers help urban forest designers
integrate the tools and data that are
already available to them?

Many technologies are conceptually accessible to design
practitioners, but they are rarely used: GPS tracking in wearables and
smartphones, lower-priced drones, and aggregated smartphone data.
The ease of access to these technologies makes their use appear
disproportionately non-trivial. Having collected this data ourselves
there remain key obstacles for use in public projects, the most obvious
ones being: issues of privacy and collection of a large enough sample
of tracking data, regulations associated with drones in cities, post
processing of large point-cloud data, and the relatively high-cost of
aggregated smartphone visitation data [for other descriptions of
barriers in tracking data see: (Rout et al., 2021) and in drone data
collection see: Simic Milas et al., 2018]. Therefore, despite these
technologies being available for private individuals or companies,
their use by designers or practitioners is limited (confirmed by P4, P5
and P6 in our study).

Despite there being significant challenges to operationalising
these technologies, our participants still expressed a desire for more
data sources (P4, P5, P6, P7), larger samples of data (P6), extensive
back-end analytics (P6, P4), and advanced user interaction (P3, P7,
P8). We speculate this is because there is a clear gap between what
technology is capable of, and economic, legislative, cultural, or social
limitations. Indeed, integrating multiple data sources and managing
them in established institutions are highlighted as two out of five key
challenges for the domain by (Billger et al., 2017) in their review of
114 urban data visualisation articles. We see a need for more research
exploring the application space for these existing data sources, so that
they can benefit real-world problems.

4.4 One tree matters: how should spatial
data visualisations link personal values and
experiences with broader societal and
ecological processes?

Through our interviews and reflections, we feel that evocative and
novel aspects of this kind of visualisation are the spatial scale of the
data, and the implicated relevance for its users. P8 summarised this
sentiment by stating:
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“this is the finer scale that matters to people, it is relevant to how
people experience a place, (it is) not theoretical... one tree matters
here.” (P8).

P8 felt that a visualisation that describes each tree, and related
human experience, makes sense to the public. Additionally, P4
expressed interest in examining the patterns and experiences of
individual demographic groups. They wanted to learn when seniors
visit the park, how they travel through the park, and places they
gather. They expressed interest in learning the story of a senior who
visits the park to build empathy towards the park users.

Thus, the human-scale has implications for engagement, uptake,
relevance, and impact on action. Our study emphasises that fine-
scale data at the site, or park level can serve as stepping stones of
larger social-ecological systems (Nordh and @stby, 2013). And yet,
it remains a challenge for creators of data visualisations to
demonstrate patterns that link individual perspectives to larger
processes (Billger et al., 2017). Many open data sources are at the
spatial resolution of the neighbourhood (postal code or census
grouping) (Rout et al., 2021). The state of the art in data visualisations
for planning requires new analytical methods (Yao et al., 2017), as
well as research exploring social factors in visualisation use and
impact (Metze, 2020).

4.5 Limitations and future research

This research was exploratory in nature and should be interpreted
as such. We also focused on exploring the topic of data visualisations
“like this” in urban forest design, rather than specific tools. This can
make our results broad and reflective rather than precise or
deterministic. Due to the exploratory nature of the work, our research
focused on one park within one city. This level of specificity allowed
us to explore potential strengths and uses of a high-resolution and
highly specific dataset. However, this research should be replicated
across additional study sites to gain further insight into the uses of
these visualisation techniques in different contexts. Our interview
sample size was also limited. Future research should engage with more
and more diverse perspectives, including community-based
participants and those outside of the field of urban and park planning.

5 Conclusion

In conclusion, we began this paper with a description of spatial
data visualisation as design material in the built environment.
We described two broad approaches to such data, a top-view and a
ground-view. We discuss the importance of understanding the
embedded nature of data in design processes and the opportunities
for data to function in processes beyond isolated, empirical decisions.
In this paper we explored this topic with eight urban forestry experts
using a prototype data visualisation that presents GPS tracking data at
a fine spatial resolution alongside point-cloud data. Our analysis
found that the urban forestry experts discussed topics that could
be grouped under the concepts of design analysis, sustainability, and
public engagement. Based on these discussions we identify questions
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for future data visualisation research. Questions relate to messiness in
data interpretation, meaningful conversation, data and tool
accessibility, and linking individual values to broader processes. The
research points to the holistic nature of data visualisations in design
domains, and the importance of considering the full range of
implications, cultures and activities in considering data and a design
material. Overall, we recommend future research in questions and
highlight the potential for multi-sourced data visualisations to
facilitate conversations and data-rich practices among designers, the
public, and urban forestry experts.
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