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ABSTRACT ARTICLE HISTORY
Visualizations are increasingly important for environmental policy and planning. They Received 28 February 2020
have great impact on how we perceive environmental problems, their solutions, and if ~ Accepted 3 July 2020

we consider policies legitimate. The systematic review in this paper brings together 20

years of studies in visualization in environmental policy and planning. This review Visualization: data-
shows that over the last two decades, more and more studies have demonstrated Visuanzation;’ environment;
that visualization plays a role in data-communication, influences decision making, planning; public

public perception, public participation, and knowledge cocreation. Based on the

systematic review, three research lines are developed that aim to better take into

account the challenges of a global and active public that through internet and

social media is formed around environmental and planning issues. We can do this

by (1) moving beyond a knowledge deficit model (2) pay more attention to the

material dimensions of visualizations and their role in opening up spaces for

cocreation, and (3) include the study of found images as these contain information

on public sentiment, and are a form of public accountability.

KEYWORDS

1. Intro

The Blue Marble is one of the most influential photographs of the earth that the Apollo 17 crew took from the
earth (Figure 1). It became a symbol of the vulnerability of the earth. Supposedly it is also one of the most wide-
spread images across the globe (Wuebbles, 2012) that was produced in the same year as the influential Limits to
Growth report (Club of Rome, 1972). Up till today these together symbolize the increasing impact of the
environmental movement and its uptake on political agendas across the world. It is but one example of the
importance of visualizations for environmental policy and planning. Visualization is the representation of
an object, situation or set of information in a diagram, photograph, or other sort of image, as well as forming
a mental image. Other classic examples of influential visualizations in environmental policy and planning are
maps and plans. A famous example is the synthesized map the ‘Blue Banana’ which is representing the main
axis of socio-economic activities in Europe, see Figure 2 (Bouattou et al., 2017; Brunet, 1989). Other examples of
influential visualizations come from data-visualization, such as the diagram of the ‘Burning Embers’ from the
IPCC report in 2001 (updated in 2009). This diagram visualizes the risks coming from the heating up of the
earth (see Figure 3) (Schellnhuber, 2010). Studies show how these embers have been adapted and contested
over time (Mahony, 2015; McMahon et al., 2016; Wardekker & Lorenz, 2019).

The examples illustrate, first of all, that visualizations in environmental policy and planning, range from
freehand sketches to virtual reality tools (Al-Kodmany, 2002), and can be photographs, maps, diagrams,
figures, tables, infographics, stills, artist impressions, cartoons, paintings, 3D, and 4D realities.
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Figure 1. The Blue Marble. Source: NASA/Apollo 17 crew; taken by either Harrison Schmitt or Ron Evans.

Second, these visualizations make selections in their representations. As do all sorts of symbols (numbers,
metaphors), visuals synthesize, simplify, affirm, and are sticky: visualizations make you remember well a par-
ticular argument, pieces of knowledge, feelings, information (Keller & Keller, 1993). For example, the Blue
Marble was zooming out of the world that had not been possible before. Portraying the world in a different
context. The Blue Banana aggregated data about the socio-economics of Europe and visualized it in a rough
sketch of its location. The Burning Embers displays data in particularly alarming colours and words, to flag
how risky global warming is. Hence, visualizations always represent a part of a reality and select information,
as such they are a ‘picture frame’ (Goffman, 1974; Lakoft, 2003).

Third, visualizations tell stories. They provide narratives by which we can make sense of the world. In
addition, those visual framings are sometimes used strategically to convince audiences. The Blue Marble
shows the vulnerability of the earth; the Blue Banana conveys success of a European region; and the Burning
Embers tell a story of risk of global warming. Rodriguez and Dimitrova (2011) distinguish four levels of this
type of visual framing. Framing takes place at the level of (1) the denotative system — what is in the image:
a landscape, people, nature, animals and so on; (2) the stylistic-semiotic system, such as conventions on the
use of colours, shading, the camera shot (close up for intimacy for example); (3) the connotative system:
what ideas or concepts are narrated by use of symbols and metaphors; and (4) their ideological representation:

Figure 2. Blue Banana (Bouattou et al., 2017).
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Figure 3. Burning Embers Evolution (Schellnhuber, 2010).

what interests are served, what voices are heard and which ideas, narratives, dominate (Rodriguez & Dimitrova,
2011). Visual framing at these four levels is done tacitly and strategically, and has effects on the audience. How-
ever, the audience itself is not only a passive receiver - it also frames the visualizations.

Fourth, the three examples illustrate that the meaning of visualizations is not fixed. It is dynamic in three
ways: (1) The maker of the visual may tell a different story than the audience understands it to convey; (2)
People have different cultural backgrounds and are part of different denotative and connotative systems and
will interpret visualizations differently; and (3) through time, meanings of visualizations will change: there
may be changes to the visual itself (in colour, zooming, or adding additional information), and the narratives
change (Rodriguez & Dimitrova, 2011; Rose, 2001; Wong, 2019). Think of the Blue Marble: the photographer
may just have been in awe of what they saw. In the 1970s we agreed that it symbolizes a vulnerable earth that
needs protection. However, at the time there were people who consider it a symbol of crazy environmentalism
that threatens the growth of our GDP. This is also the case for graphs and figures that visualize academic
findings. For example, the ‘Burning Embers’ diagram from the IPCC report from 2001 that demonstrates
the warming up of the earth. Its meaning has been contested and interpreted in different ways (Mahony, 2015).

Based on a systematic review of publications on visualizations and environmental policy and planning over
the last 20 years, I will discuss the state of the art in the study of visualization in our field. I will look into (1) the
type of visuals being studied; (2) the objectives of the study of the visualizations: are authors aiming to more
accurately visualize data, to better communicate those, to better understand the impact they have on decision
making, on public acceptance, on collaborative planning; or are authors aiming to unravel the changing nar-
ratives the visualizations tell?; and (3) the issues that are being visualized: city plans, regions, landscapes, eco-
logical indicators, and so on. Based on the results, I will set an agenda for studies into visualizations in which the
public plays an even more active role.

2. Methods

A Boolean search for visual* AND planning in the title of peer-reviewed articles was conducted in the Web of
Science core collection and Scopus between 2000 and 2020. These key words were chosen after testing several
similar combinations of key words, such as image AND planning; map AND planning, or visual* AND policy,
or visual* AND ‘environmental policy’. These search terms delivered respectively a too broad or too narrow set
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of articles. The search term visual* included all sorts of visualizations, and the term planning gave a broad
enough sample for environmental policy and planning journals. The search in Web of Science was conducted
on 04022020. A total of 502 articles was retrieved. From these results a sub-selection in the ‘field” of web of
science was created. This selection was: environmental studies, regional urban planning, urban studies, and
environmental sciences. This refined the results to 72 articles. In the next step the following fields were
excluded: geography, ecology; geography physical; engineering environmental; computer science interdisciplin-
ary applications; operations research management science; economics, business, marine freshwater biology;
plant sciences. This left me with 40 results. A citation report was created and exported to excel. This included
the complete references and the citation scores for the 40 articles over the last 20 years.

An additional similar search was conducted on the same day in SCOPUS document search for articles or
reviews. In total 439 articles were retrieved. We limited the results to the areas: social sciences and environ-
mental sciences. This resulted in 117 articles. I manually excluded 62 articles that were not in the domains
of environmental policy and planning, but for example, in education or computer science. To conclude the con-
struction of the set of articles, the Journal of Environmental Policy and Planning was searched for visual* in the
title of articles. The result was: two publications over the last 20 years. These three searches resulted in one set of
a hundred articles. The set was cleaned for double mentions in the SCOPUS and Web of Science searches. The
final set consisted of 66 articles. These articles were manually coded for: (1) what type of visualization was
looked into; (2) what role visualization plays in environmental policy and planning processes; and (3) what
type of issues were being addressed. This inductive analysis resulted in six categories of types of visuals; (1)
photograph; (2) traditional map; (3) traditional sketch or vision; (4) digital visualization (most often GIS
maps but also 3D); (5) visual art; and (6) a mix of visualizations. There were five categories discerned of objec-
tives of the study of the visualizations: (1) data-visualization for communication; (2) visualization and effects on
and improvement of decision making; (3) visualization and effects on or improvement for public perception/
acceptance; (4) visualization and effects on or improvement of public participation cocreation/dialogue; and (5)
visualization and how for example NGO’s use it for public accountability and/or activism. The inductive coding
of the type of issues being addressed resulted in the following list: urban planning, landscape planning, ecologi-
cal, and sustainability issues; climate change; coastal issues; wind farms; risk; natural resource management; and
studies that looked into all sorts of environmental policy and planning issues.

In addition, in Excel, a chronological analysis was conducted to manually sort the type of visuals and the
objectives per paper addressed in the publications per year. This provided an overview of shifts in type of visual
and objectives over time. A chronological order was also created for the issues covered in the publications.
These were relatively evenly spread out over the years and ranged from urban planning, landscape planning
(a.0. wind parks), to natural resources, ecological indicators, and sustainability issues.

Last but not least, a top five highest cited papers within the SCOPUS and Web of Science data-set was created.
The two sets were combined into one ranking. Two authors and their groups are cited most: Al-Kodmany with
two papers about all sorts of visualization tools for participatory planning (Al-Kodmany, 2001; Al-Kodmany,
2002); and a team of which S.J.R. Sheppard is part which publishes about the role of visualizing climate change
in participatory processes (Burch et al., 2010; Salter et al., 2009). In addition, it was checked in Scopus and Web of
Science, which authors and in what journals the top five papers were cited. This painted a very dispersed picture of
the body of scholarship. Authors citing these articles were most of all publishing in interdisciplinary journals, such
as Environmental Management; Global Environmental Change; Sustainability Science; Landscape and Urban
planning, Computers, Environment and Urban Systems; Ecological Indicators, and so on.

3. Systematic review: visualization in environmental policy and planning research

Over the last 20 years, there is a slight increase in studies of visualization in environmental policy and planning
journals (see Figure 4). Thirty-five papers of the 66 published over the years, focus on data-visualization for
better communication, of which four discuss traditional visualization tools. This majority of publications
aims to develop and improve complex digital data-visualization for communication. They aim to contribute
to better information-uptake through better visualization of digital data from environmental studies. This
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Figure 4. Number of articles about visual* per year between 2000 and 2019.

confirms earlier studies (Al-Kodmany, 2002; Gobster et al., 2019). Thirteen studies look into the effects of visu-
alization on decision making and public perception or acceptance, of which seven focus on traditional visual-
izations. This smallest group of studies looks into public perception of the aesthetics of landscapes and of
visualizations of impact of planned for policies. The third group of publications — which is a set of 19 studies
- focusses on the role of visualization in processes of public participation and cocreation. Two of those studies
focus exclusively on traditional forms of visualization. These scholars study how visualizations are applied to
improve public participation and collaborative planning processes and cocreation of knowledge or policies
(Figures 5 and 6) (Table 1).

3.1. Visualization for improvement of data- communication

The largest category of papers in environmental policy and planning (35) has the objective to improve the tech-
niques and tools for data-visualization in order to better communicate those data. Although the authors of these

Objective of visualization
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Figure 5. Objectives of the papers about visuals over the years.
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Figure 6. Types of visuals discussed over the years.

papers often do mention the importance of improving data-visualization for better decision making or public
participation; these studies have modelling and data-visualization literature as a starting point. Their main
objective is to contribute to combining and representing data graphically - either digitally or manually
(Kirk, 2016).

These studies aim to contribute to the connection different sets of data and improve modelling techniques to
connect different types of knowledge also in visual ways, with the help of, for example, Geographic Information
Systems (GIS) or 3D modelling (Sheppard, 2008, p. 38), or a visualization of a sustainability index comparing
ecological indicators of different communities (Andersson et al., 2013). The connection of different types of
knowledge includes the challenge of integration of local specific and experiential knowledge or preferences
of citizens with the knowledge of experts (Orenstein et al., 2015). The studies also aim to translate numbers,
or graphical type of data to symbolic representation. In other words, the studies transform numbers first into
a figure (diagram, flow chart), and then into symbols or even images, photographs that represent risks or impact
(e.g. Burch et al., 2010; Eppler & Platts, 2009; Kask et al., 2018; Lovett et al., 2015; Newell et al., 2017). Over the
years, the authors increasingly include the public in the development of the datasets and visuals, for example, by
including them in the development of 3D visualizations for strategic tourism planning (STP) (see, for example,
Kask et al.,, 2018, p. 375; Orenstein et al., 2015).

This set of papers shows that is hard to formulate general conclusions on best methods or visuals for data-
visualization. A general observations is that many of the papers pay attention to computer graphics and 3D
possibilities (e.g. Lewis & Sheppard, 2006; Paar, 2006), and that the authors consider the public increasingly
an important source of information, that needs to be included in the development of the visualizations (see
also Sheppard et al., 2011).

3.2. Visualization as information and learning for decision making, public perception, and
acceptance

The second and smallest set of studies into visualizations - a total of 13 — pay attention to three aspects: (1) how
visualizations do or do not contribute to public acceptance of decisions (e.g. Berry & Higgs, 2012); (2) how the
public perceives and uses the information (e.g. Hayek, 2011), and (3) how decision makers use the visualizations
in their decisions (e.g. Bryan, 2003; Glaas et al., 2017)
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Table 1. An overview of the number of visualization studies in environmental policy and planning according to their main objectives and type of

visualization.
2. Effects of visualization on decision
1. Data-visualization for better making/public perception and acceptance 3. Role of visualization in public participation
communication (35) (13) /Cocreation knowledge or policies (18)
Digital 27: 5: 9:
visualization
1. (Andersson et al., 2013) 1. (Berry & Higgs, 2012). 1. (Hayek, 2011)
2. (Axelsson et al., 2013). 2. (Bryan, 2003). 2. (Hemmersam et al., 2015)
3. (Burch et al., 2010) 3. (Feng et al., 2019) 3. (Maffei et al., 2016)
4. (Chau et al.,, 2003). 4. (Glaas et al., 2017) 4, (Sklenicka & Zouhar, 2018).
5. (Eppler & Platts, 2009). 5. (Hamilton et al., 2001) 5. (Wissen et al., 2008)Wissen U., Schroth O.,
6. (Haara et al., 2018). 6. (Sizarta Sarshar, 2018) Lange E., Schmid W.A.
7. (Huggins & Peace, 2014). 6. (Onitsuka et al., 2018).
8. (Jeong et al., 2015) One does both: (Shanken, 2018) 7. (Salter et al., 2009).
9. (Kask et al., 2018). 8. (Sui, 2019)
10. (Kim & Wilson, 2015). 9. (Tyrvdinen et al.,, 2006).
11. (KOZAKI, Miki & HIRATE,
2016) Seven do both:
12. (Krassanakis &
Vassilopoulou, 2018). 1. (Billger et al., 2017)
13. (Krisp, 2010). 2. (Gill et al., 2013)
14. (Lange & Hehl-Lange, 3. (Al-Kodmany, 2001)
2006) 4. (Al-Kodmany, 2002)
15. (Lee-Miller et al., 2016) 5. (Alshuwaikhat & Nkwenti, 2002)
16. (Lewis, 2012) 6. (Girling et al., 2016)
17. (Lovett et al., 2015). 7. (Sheppard, 2008)
18. (Newell et al., 2017).
19. (Olfat et al., 2019)
20. (Orenstein et al., 2015).
21. (Paar, 2006)
22. (Royse et al., 2008).
23. (Schmid, 2001)
24. (Torabi Moghadam et al.,
2019).
25. (Zheng et al., 2019).
26. (Zhou et al., 2015).
27. (An & Powe, 2015)
BOTH: 4
1. (Gobster et al., 2019).
2. (Torabi Moghadam et al.,
2019)
3. (Ryan, 2011)
4. (George Szekely, 2006).
Traditional 4: 7: 2:
visualization
1. (Diihr, 2004) 1. (DeSimone et al., 2015) 1. (Radinsky et al., 2017)
2. (Beratan, 2019) 2. (Natori et al., 2005) 2. (Tress & Tress, 2003)
3. (Lewis, 2012) 3. (Robert, 2018)
4. (Paklone, 2011) 4. (Jasz, 2018)
5. (Scott, 2003)
6. (Dupont et al., 2015)
7. (Filova et al., 2015)

Contribution: Most of these studies argue and empirically demonstrate that information and learning are key
in decision making, public perception, and acceptance. The more and better information is communicated, the
better decisions are made, and policies and plans are accepted (see, for example, Burch et al., 2010; Glaas et al.,

2017; Hamilton et al., 2001).
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Public perception: Many of the papers focus on the visual perception of the landscapes. In the perception
studies, there seems to be an agreement that there are many factors that influence people’s perceptions of
the beauty of landscapes: since these are cultural associations that people have with the landscape, depending
on their age, or life cycle, the naturalness of the landscape, the familiarity, or professional engagement with the
landscape (see for an overview Scott, 2003; or Filova et al., 2015, p. 2038).

Decision making: A subset of the papers are about visual assessment and visual impact studies of environ-
mental, ecological, sustainability policies and decisions on the landscape (Gobster et al., 2019). In landscape and
urban planning there is a tradition of visual assessment or impact studies. These studies aim to describe and
evaluate ‘scenic beauty of landscapes’ (Daniel, 2001). In their overview paper, Gobster et al. (2019), dedicate
one section to the role of visualization in these studies. They conclude that over the last 40 years there have
been many innovations of which (1) the use of digital photomanipulation to visualize possible intervention
in the landscape is an important one; and a second one is the increased user-friendliness of technologies
that allows for broad participatory approaches in visualization (Gobster et al., 2019, p. 4 and 5).

I observe another trend in these studies: they are more and more about data-visualization of climate change
(Burch et al., 2010; Glaas et al., 2017; Mahony, 2015; Sheppard, 2005). These studies want to raise public aware-
ness for an urgent but rather abstract problem. There is also a growing body of literature in energy policies and
that looks into the visualization in planning process or siting of wind turbines or solar parks (Baile et al., 2011;
Berry & Higgs, 2012; Haggett, 2008; Lange & Hehl-Lange, 2006; Lewis, 2012).

Again, it is hard to draw general conclusions from this set of papers. The authors seem to agree that visualiz-
ing information is necessary to improve learning by decision makers and the public. The studies also demon-
strate that people have context-bounded visual preferences for visual outlook of landscapes. These preferences
are depending on their cultural background, age, professional engagement with the landscape, and so on. Com-
pared to the data-visualization papers in the section above; all of the papers in this set give more agency to the
public and decision makers. The public and decision makers not only passively receive information but actively
process information.

3.3. Visualization for public participation and cocreation

In the third broad group of literature on visualization (18 papers), the authors develop visualizations together
with diverse groups of stakeholders. Similar to the studies in previous categories, the scholars consider the visu-
alizations ways to provide knowledge, and inform citizens and decision makers in accessible ways. However,
they also have the ambition to empower citizens, and through (collaborative) visualizations facilitate their par-
ticipation in decision making processes. Decision making needs to go beyond ‘Informing citizens to enable
them to make empowered decisions (Forester, 1989)" and have them play a much more active and influential
role. For example, maps are considered particularly helpful tools in breaking down power hierarchies (Guldi,
2017, p. 80). There are also authors with the ambition to increase the legitimacy of decision making processes
through the use of visuals in participatory processes. Other authors offer reasons for efficiency: for example,
they argue visualization can help to bridge the ‘implementation gap between vision and action’ (Billger
et al., 2017).

Based on the review of all of the papers in this set, I draw five conclusions. First of all, visualizations con-
tribute to learning and participation. The use of visuals for this reason once started with the ‘crowdsourced map’
in urban planning (Guldi, 2017, p. 99), and more recently virtual reality tools have been introduced. Second,
especially these digital or e-planning tools are promising for high levels of interaction. According to the authors,
the visual and even virtual reality elements make it easier to communicate complex information (An & Powe,
2015; Billger et al., 2017).

Third, the studies also suggest that the computerized visualizations are most useful to convey information
and engage in conversations about the meaning of data; but that the more traditional visualizations tools ‘create
the social learning environment that enables participants to talk about a project together, to interact with other
stakeholders, and to propose ideas’ (Al-Kodmany, 2001; An & Powe, 2015). Hence, digital tools facilitate the
reflection on the meaning of data — but the traditional tools facilitate a creative process.
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Fourth, in this set of articles, the public is addressed a lot of agency, and the authors seek ways to empower
them. The authors show that the public contributes with ideas and information necessary for the development
of scenario’s, policy options that can be visualized. Very often the ambition is to increase participants’ under-
standing of what is at stake — and to facilitate collaborative exploration of possible outcomes (e.g. Gill et al,,
2013; Salter et al., 2009).

A fifth conclusion is that the authors pay less attention to the specifics of the visualizations. There is hardly
any study that addressed their material dimension: what is on it, in it, their style, shape, colours, and form - are
often understudied. With the exception of some papers that indicate that the visualization tools very often limit
the type of visual input — and determines the visual language participants have to speak. There is also a warning
against ‘mis-empowerment’ — which means that the tools may empower stakeholders and citizens in environ-
ments in which they do not have influence (Billger et al., 2017, p. 1026).

4, A research agenda: visualization in environmental policy and planning

The systematic review demonstrates that over the last 20 years the journals in environmental policy and plan-
ning have increasingly published about the role of visualizations (1) as tools for data-communication (2) as
providing information and learning tools for decision makers and the general public (3) as part of knowledge
cocreation and participatory planning processes. The review also demonstrates that the Journal of Environ-
mental Policy and Planning has not been part of this trend. Yet, the journal has an important role to play.
It provides a platform for studies that engage critically with theories and analytical approaches, which is
much needed for the study of visualizations, especially in times mediatization and digitalization (see below).

Before formulating the research agenda, I would like to point out that for this review, I am relying on a data-
set that may not represent the full population of articles. The searched titles and search terms were constrained.
Other approaches to searching for articles might yield more or different results. In addition, I have conducted a
manual analysis, which is prone to a difference of interpretation of the text by researchers, and other interpret-
ations of the literature are possible.

4.1. Despite these constraints, there are three main agenda setting points, that I put forward

(1) Digital visualizations for data-communication: moving beyond the knowledge deficit model.

The review shows that digital visualizations are further developed in order to better integrate academic knowl-
edge, the concerns, interests, and experiential knowledge of stakeholders and citizens. There is a trend to be
discerned, also in the publications about data-communication - to include stakeholders, citizens, and decision
makers in the creation of new models, and visualizations. Their inclusion is aimed for in order to make the
visualization tools more accurate, adaptive, or inclusive. Still, these studies are mostly working within a linear
knowledge model (Turnhout et al., 2013). In a linear knowledge model, visualizations provide a form and style
of science communication and are communication tools to address a ‘knowledge gaps’ from the public: make
them more aware, better inform them. Although better informing is one role visualizations may play, many
other studies demonstrate that a knowledge deficit is usually not the issue. The public that is concerned and
involved in environmental policy and planning issues does gather knowledge, gets access to information. How-
ever, very often they will argue based on counter-facts, make use of uncertainties, ambiguity, and controversies
within the academic world (Metze, 2017; Oreskes & Conway, 2010; Pielke, 2004; Sarewitz, 2004). The challenge
for visualizations studies is to move beyond the idea that more and better information through visualizations
will improve environmental policies and planning. Scholars in data-visualization should make even more use of
the participatory concepts and methods developed in the second largest strand of literature on visualizations in
knowledge-cocreation and participatory planning (see below). In this cocreation literature, the linear model is
replaced with a dialogue mode, and the role of scientists is not only to produce and communicate about their
knowledge; but to also listen to society and engage in conversations in order to better integration of different
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types of knowledge - including that of the general public. In order to successfully do so, scholars need to pro-
duce visuals that not only speak to the mind but also to the heart (Lakoff, 2003; Lakoff, 2010).

(2) The cocreation literature can make further explicit and learn about the specifics of visualizations in colla-
borative processes.

A second conclusion is that indeed visuals and visual methods in environmental policy and planning, are
considered devices or even tools for knowledge cocreation, collaborative planning, and participatory decision
making. In these collaborative processes, academics are participatory knowledge producers (Pielke, 2007).
Rather than providing information and knowledge, together with other societal actors, academics engage in
knowledge cocreation and participatory planning processes (see also Sheppard, 1995). These studies do start
from a knowledge-brokering model in which the academics supply relevant knowledge, bridge between differ-
ent types of expertise from science, society and politics, and facilitate an integration of different types of exper-
tise, norms, and values from science, society, and politics (Turnhout et al., 2013). This strand of literature could
consider and further develop visualizations as ‘boundary objects’, which help to bridge and integrate different
types of expertise, norms, and values (Carlile, 2002; Star & Griesemer, 1989). Through these boundary objects,
actors can cocreate, learn and participate in policy and planning (Klerkx et al., 2012; Metze, 2010). Different
types of boundary objects, such as sketches and prototypes can help in the knowledge integration process.

In addition, these studies could even better scrutinize the particularities of visualizations as enablers of
cocreation: what is it that makes visuals particularly suitable for engaging, connecting, and integrating different
types of knowledge? Is there a more universal language in colours, symbols, styles, and forms of visuals, that
makes it possible to overcome language barriers or cultural barriers? Visualizations speak to us in different
ways than numbers and language: less cognitive, more directly to the eye and heart (Berger, 1972), and able
to cross language barriers (Doerr, 2017a, p. 7). We have the tendency to trust what we see; more than the
words we hear (Berger, 1972). Even though we know that visualizations are simplifications and sometimes
even manipulated purposefully. Hence, in future research we could better scrutinize the role of the ‘material’
dimensions of visualizations. It is interesting to better understand how the ‘denotative system’ of an image
(what is in the image: a landscape, people, nature, animals, and so on); and the ‘stylistic-semiotic system’,
such as conventions on use of colours, shading, the camera shot (close up for intimacy, for example) (Rodriguez
& Dimitrova, 2011) and how these enable or constrain participatory planning processes, and processes of
knowledge cocreation for environmental policy and planning. Insights, theories, and methods from art and
the humanities, for example (Rose, 2007) or (Krause & Bucy, 2018; Lewis, 2012; Wong, 2019); but also closer
to home from ‘research by design’ (Roggema, 2016; Servillo & Schreurs, 2013) may be very helpful. In these
studies, specific attention is being paid to material dimensions of objects, designs, concepts, and how they
can be applied in the development of transdisciplinary knowledge, or participatory decision making.

(3) Found visualizations by citizens, NGO’s and others as sources of information and learning

A third conclusion is that notably little attention is being paid to the more active role citizens and other
actors can play in visualizing their preferences in so-called found visualizations. Visuals that not have been cre-
ated with the purpose of contributing to an academic study, but those to be found in magazines, art exhibitions,
reports by, for example, NGO’s and governmental actors, and on the internet and in social media. For aca-
demics, we need to consider these visualizations as a form of public ‘knowledge brokering’ (Ryan, 2011).
We can study these visualizations in order to better understand the public sentiment, and we can consider
these visuals to carry information through which NGO’s and the general public hold governing actors accoun-
table: it is a form of public accountability (Bekkers & Moody, 2014; Karlsson-Vinkhuyzen et al., 2016). In other
words, this type of visualization of information and opinions offers insights into what may optimistically be
called ‘societal intelligence’: how do societal actors perceive particular issues, what and how facts become public,
what information is overlooked in academic studies and decision making, and what information is travelling
around at what speed and why?
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Online circulating visuals may serve as an entry point to social sciences to study the connections between
data production by academics but also societal actors, information-storage and circulation. Academics and pol-
icy makers can learn from the study of the visual societal mood about particular issues, and it is not only the
facts that count in understanding and defining environmental and planning issues but also the values, norms,
and emotions (Metze, 2018). This is already done in some social sciences, for example, in social movement
studies (Della Porta et al., 2014; Doerr, 2017b), visual communication and culture (Mitchell, 2005; Shanken,
2018), visual rhetoric and visual framing (Clancy & Clancy, 2016; Rodriguez & Asoro, 2012), and visual anthro-
pology (Balayannis, 2019; Cerku, 2019; Frosh, 2001; Spiegel, 2019). More recently, also in critical policy analysis
(Hendriks et al., 2017), and digital sociology (Stocchetti, 2014). The critical and engaged citizens, NGO’s,
photo-journalists and others play an important role in environmental policy and planning issues by making
visible what is left invisible, and should be taken seriously in academic studies and in decision making (Clancy
& Clancy, 2016; Pearce et al., 2019). We can make use of digital methods to study how and why actors on the
internet and on social media visualize information and spread this information (see, for example, Rogers, 2013).
Including those who are purposefully spreading fake news and fake facts. We would want to know what their
influence is, and why they are successful (Johnson et al., 2020).

5. Conclusion

In visualizations studies in environmental policy and planning, the public is increasingly included in the
development of visuals for the improvement of data-communication. In addition, there is a long-standing
tradition of using visualizations in participatory planning and knowledge cocreation, and there is substantial
knowledge available about the public perception of visualizations, and visual elements in the landscape. This
provides environmental policy and planning with a sound basis for handling the challenges from what
Green (2010) has called an ‘ocular turn’. In a mediatized and globalized world, the visual becomes increas-
ingly influential. Data-visualizations but also photographs such as the Blue Marble and the flaming faucet in
the shale gas controversy are used and (re)produced by a global public that aims to make visible the invis-
ible. The visualizations travel fast across the internet and in social media: they cross linguistical barriers; and
in forms of data-visualization - convey information in more convincing ways than words, and as such are
very influential in opinion formation and decision making. In response to this, academics in environmental
policy and planning can further develop their role of knowledge brokers (next to those of the pure scien-
tists) and further develop their data-visualizations in imaginative directions that also speak to the heart and
not only minds of the general public. In addition, academics can better take into account the visualizations
that all sorts of actors use and (re)produce. This makes it possible to know what societal actors deem
important and include that in environmental policy and planning, but also in the improvement of data-
visualization. Last but not least, in these studies, we can look into what actors and types of visualizations
are being used to spread fake news and fake facts. This may help practitioners to debunk this information
and develop strategies to cope with fake news and fake facts. An ocular turn in environmental policy and
planning is not necessary; the recognition of the importance of visualizations is omni-present. However, the
acknowledgement of an active global public - that is not only receiving visual information but also produ-
cing influential visualizations leads to innovations in visualization-research.
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