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Abstract

Detailed development plans (DDPs) legally define what can be built on a specific property. A proper visualization of these plans
is important to facilitate public participation in the urban planning process. In most countries, visualizations of DDPs are still in
the form of static 2D maps, but there is a movement towards 3D interactive maps. This movement could potentially benefit public
participation by improving communication of the plan proposal, but it also raises issues concerning the cartographic design. A
challenge is that a DDP visualization does not convey what will be built in an area, but rather what cou/d be built within the legal
frame of the DDP. This implies that the uncertainty in the cartographic design needs to be addressed. In this study, we develop
(based on literature review) and implement preliminary guidelines of a 3D DDP visualization, including interactivity possibilities
to explicitly address the issue of uncertainty in DDP visualization. The preliminary guidelines are evaluated by semi-structured
interviews with urban planning professionals, and based on the outcome of these interviews, the guidelines are updated. The
movement toward 3D DDP visualizations was stressed by the participants as important for improving the public understanding
and participation in the urban planning process, when the appropriate cartography and functionality is applied.

Keywords Geovisualization - 3D geospatial data - Cartographic design - Detail development plan - Urban planning - Public

participation

Introduction

The planning process is a key for supporting sustainable
growth of the urban environment. Within the planning pro-
cess, geographic visualization (geovisualization) plays a piv-
otal role. This visualization is important in all phases of the
planning process, from early sketches through to the final
construction. One part in this process is the visualization of
the detailed development plans (DDPs), e.g., the legal docu-
ment that specifies the property criteria for the new buildings/
infrastructure. In most countries, the visualization of the DDP
is still based on 2D maps with a cartographic design that
emphasizes the presentation of the property criteria of the plan
and simplifies the background map and surrounding area
(Fig. 1, left). Examples of property criteria are spatial
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limitations of where buildings can be built, maximum building
height in various regions, the minimum and maximum exploi-
tation grade (the total building footprint area divided by total
plan area), and maximum/minimum size of single buildings.
The cartographic emphasis on the property criteria is natural
since the DDP is foremost a legal document that is mainly read
by specialists.

The DDP is often complemented with visualizations of
possible realizations of the plan (Fig. 1, right). These visuali-
zations are below denoted DDP visualizations. The DDP vi-
sualizations have no legal status, but they help a reader to
understand what could happen in the area. One main criticism
towards the DDP visualizations is that many people, decision-
makers as well as the public, think that more realistic-looking
visualizations such as these should be interpreted as the deci-
sive outcome (Kibria et al. 2009; Billger et al. 2016).
However, from a legal perspective, they are only illustrations
of one/several possible realization(s) of the plan, and in reality,
the new buildings might look very different from the DDP
visualizations.

From a cartographic perspective, the design of DDP visu-
alizations is interesting. It is not only a mapping of the invis-
ible, in the context of mapping the future, but it is also a
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Fig. 1 A detailed development plan (DDP) for an area (Stenkrossen and Rabykungen) in Lund, Sweden (left). A 2D DDP visualization of the DDP

© Lund Municipality (right)

mapping of something that is uncertain, since the final out-
come is unknown at this stage. From a legal perspective, all
buildings that are allowed in the DDP are possible in the
future. That implies that ideally the DDP visualization should
convey some feeling of uncertainty so that the reader under-
stands the actual status of the visualization.

Today there is a movement in many countries towards 3D
visualizations in urban design (Wanarat and Nuanwan 2013;
Biljecki et al. 2015; Combrinck et al. 2015; Herbert and Chen
2015; Onyimbi et al. 2018). There are both advantages and
disadvantages with this movement. One advantage is that, in
general, more people are attracted by 3D visualizations, which
implies that their use could enhance the public participation in
the planning process; such public participation is often
regarded as an important issue to raise sustainability (cf.
United Nations 2016b). One disadvantage with 3D visualiza-
tions is the likely increase of trust in the DDP visualization;
this is a natural effect of most users having more belief in 3D
visualizations than in 2D visualizations (Onyimbi et al. 2018).
Many DDP visualizations are quite photorealistic (Fig. 2)
which further enhances the belief of the visualizations. In all,
this stresses the need for good cartographic design for the 3D
DDP visualizations.

Another ongoing development of the DDP visualization is
from static illustrations and maps towards interactive web-
based systems. The latter allows the user to adjust the zoom
level and observation points, as well as retrieves information
about buildings and other objects (if such information is
linked to the objects).

@ Springer

The overall aim of this study is to improve the DDP visu-
alizations to enhance public participation of the urban plan-
ning process. There are three specific aims. The first is to
provide cartographic guidelines for 3D DDP visualization.
The second aim, which is directly linked to the first aim, is
to evaluate a methodology that addresses the uncertainty as-
pects of the realization of a DDP. The third aim is to discuss
whether the movement from static 2D to interactive 3D DDP
visualizations will improve public participation in the plan-
ning process and the role of map guidelines to enhance public
participation.

The paper is organized as follows. In the next section, a
literature review of 3D visualizations in general and of visu-
alization plans in particular is provided. The review also con-
tains literature about usage of 3D visualization to enhance
public participation. The subsequent section motivates the
cartographic design solutions that are later implemented and
evaluated in a case study. This case study is then described in
the following section. The paper concludes with discussion,
that includes the final guidelines, and conclusions based on
the literature and the case study.

Related Studies
3D Visualization in the Planning Process

An empirical study of geovirtual environments in communi-
cating information in urban plans based in the Netherlands
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Fig. 2 A photorealistic 3D DDP
visualization of the DDP in Fig. 1
© Lund Municipality

partially investigated the relationship between visual materials
and design phase (Kibria et al. 2009). The study found that
perception of design increases when moving from 2D to 3D
higher levels of detail, and that the preference or inclination
toward 3D visualizations increased as the building process
moved from the abstract (i.e., zoning maps) to the actual
(i.e., final building designs) (Kibria et al. 2009). However,
their results also indicated that 2D plans and maps retain their
relevance in earlier planning stages (Kibria et al. 2009).

A study based on Koh Mudsum, an island in Thailand,
explored the improvement in public participation stemming
from the use of 3D visualization in the planning process
(Wanarat and Nuanwan 2013). The authors visualized differ-
ent iterations of proposed building densities so that citizens
could more clearly understand the visual impact that the pro-
posals would have on the island, and concluded that the com-
municative aspect of public participation was facilitated by the
use of 3D visualization (Wanarat and Nuanwan 2013, p. 688).
A qualitative study based in New Zealand also explored the
usefulness of 3D visualizations of buildings based on a de-
tailed plan for the proposal, but with particular focus on shad-
ow visualization (Herbert and Chen 2015). The study found
the advantages of 3D visualization included the added contex-
tual information of visualizing the proposal within the urban
landscape, shadow effects, and ability to navigate through the
environment (Herbert and Chen 2015).

Today (2020), several Swedish municipalities have begun
using DDP visualizations as a communication tool with their
citizens. A minor survey conducted by the authors shows at
least 14 municipalities in Sweden employing some form of 3D
DDP visualizations. In Sweden, DDPs can be broadly
grouped into two categories. In the first category, the DDPs
are initiated by municipalities since they want exploitation of
an area. The property criteria of the DDP are not so specific in
this case, to allow for the possibility of many different types of
buildings. In contrast, DDPs in the second category are initi-
ated by an external actor, e.g., a commercial developer. In this

case, building planning may have already begun, which
means that more details are given in the DDP property criteria
to allow for that certain development of the area. The category
of DDP affects the DDP visualizations, since the first category
implies a larger uncertainty about the future buildings. In this
study, we are mainly focusing of the visualizations of the first
category of DDPs.

A prerequisite for this extended use of 3D DDP visualiza-
tion is appropriate 3D city models. Already in 2012, there
were more than a thousand models worldwide (Morton et al.
2012), and the number has been growing since. Biljecki et al.
(2015) made a review of scientific literature regarding the
applications of these 3D city models and found that
visualization in the urban planning process is one common
application. In fact, many of the 3D city models are mainly
built for visualization purposes. For example, Julin et al.
(2018) found that nine out of 19 city models of the larger cities
in Finland were related to visually oriented computer graphics
culture, and not towards the 3D GIS culture. There is also a
trend to import building information models (BIM; Borrmann
et al. 2018) into 3D city models. This requires that the BIM
models are converted to a 3D city model standard (most
commonly CityGML; see Groger et al. 2012; Groger and
Pliimer 2012). The methodology used for this conversion pro-
cess has been studied by Stouffs et al. (2018) and Sun et al.
(2019), among others. The conversion technique is interesting
for the second category of DDPs, since it facilitates that an
early stage BIM model could be utilized in the DDP
visualization.

Design Principles for 3D Visualizations

As noted in the previous section, there has been a tremendous
technical development of 3D visualizations. However, as
Herbert and Chen (2015, p. 22) succinctly stated, “the carto-
graphic theory that may inform these geovisualizations gener-
ally trails the technology,” indicating that adoption of 3D
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models alone does not improve communication of the plan to
its audience. That is, it is important that the cartographic and
geovisualization community engages in the cartographic de-
sign aspects of the 3D visualizations within the context of its
specific use case, e.g., the planning process. In other words,
going from a 2D map to a 3D visualization does not imply that
we do not need a proper cartographic design: the old truth that
maps/visualizations are “best critiqued on how effectively
they achieve their communicative purpose” (Muehlenhaus
2013, p. 412) is still valid. Therefore, it is a positive that
several researchers have started to focus on specific design
principles which need to be re-thought when moving from
2D to 3D space.

One issue, relevant for the DDP visualization, is
photorealistic versus symbolic representation. Intuitively,
one could think that photorealistic representation would be
preferable because the users are familiar with how things look
(see e.g. Collinson 1997). But even though users generally
prefer photorealistic representations, it is not certain that they
perform better with such representations (Wilkening and
Fabrikant 2011). Some studies have shown that domain ex-
perts generally prefer symbolic representations; for example,
Haberling et al. (2008) interviewed expert users about 3D
landscape maps. One issue that was discussed was the
Degree of abstraction, where most experts preferred a map-
like symbolization (more symbolic than photorealistic). One
disadvantage with photorealistic representations is that they
provide the users with too much information that obscures
the main message. For DDP visualization, it could also be
interesting to combine a photorealistic and symbolic represen-
tation (for description of this combination, see, e.g., Semmo
etal. 2015; Peters et al. 2017). Symbolic representation versus
photorealism also affects the users’ belief in the visualization
which is further discussed in the next section.

If symbolic representation is used for DDP visualization,
there is the additional question of which level of detail (LoD)
to use (below we use the LoD definition in CityGML; see
Groger et al. 2012 for details). There have been studies of
improving visualization of building objects realized by sim-
plifying building data from a higher level of detail (e.g.,
LoD3) to a lower (e.g., LoD2) (Kada 2007; Fan and Meng
2012; Baig and Abdul-Rahman 2013; Mao and Harrie 2016).
The argument for this simplification is both performance
(mainly less data needed to be transmitted) and visual quality
(remove clutter). One could go one step further and only use
3D buildings (in e.g. LoD2 or 3) for landmarks buildings
while the other buildings only are represented using lower
built-up area objects (Glander and Déllner 2009). This is an
interesting 3D visualization technique for e.g. navigation, but
in our view, it has shortcomings for DDP visualizations since
this application also need to visualize non-landmark buildings.
Besides the issue of LoD, there is also an issue of which
visualization technique (visual variables and their values) to
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use. Semmo et al. (2012) argue that symbolic representations
often lead to monotonic visualization. Therefore, to have an
efficient communication, they propose adequate representa-
tions on feature levels, e.g., that semantic information
(attributes) determines the color of buildings. Neuville et al.
(2018) explored visualization parameters that conflict with
each other in 3D space and developed a program that would
highlight these conflicts as a user was styling 3D data.
Conflict examples from their study included the use of
shadows obscuring other objects, transparency leading to a
look of superposition, and the difficulty in choosing the “ide-
al” viewpoint so as not to obscure other data. The pursuance of
3D cartographic principles was conducted in a study by
Haberling et al. (2008) who interviewed experts on their pref-
erence for various 3D map designs. The authors concluded
with 19 design principles concerning degree of abstraction,
symbol sizes, view point, lighting aspects, and atmospheric
effects; however, an acknowledged study limitation was the
focus on static 3D maps.

Advances in 3D visualization have also occurred outside of
mapping/geovisualizations, with the gaming industry often
leading the way in terms of esthetics and interactivity
(Alatalo et al. 2017). The use of employing more game-like
3D environments in the urban design process has been previ-
ously explored (Reika and Weimin 2011; Yan et al. 2011);
however, these examples occur in relation to architecture and
building design, further along in the planning process than the
DDP. Laksono (2019) discussed the challenges of using
geodata in game engines, while Mather and Robinson
(2016) explored the use of already established gaming envi-
ronments such as Minecraft to promote citizen engagement.
However, research into applying gaming visualization and
environments to specific scientific applications, such as pro-
tein visualization (Fitz-Walter et al. 2016) and 3D learning
environments (Minocha and Reeves 2010), indicate the need
for the design to be tailored to the specific application, making
it difficult to otherwise generalize 3D design principles.

Ljungblom et al. (2017) discussed the benefits of retaining
industry-standard colors from 2D DDP visualizations (Fig. 1,
left) to 3D DDP visualizations in Sweden to increase the rec-
ognition factor and breed familiarity for working
professionals. Herbert and Chen (2015) investigated varying
shadow visualizations in a 3D model and found preferences
for volumetric shadows over ground-draped shadows, a 40%
transparency setting or the ability to adjust this, and the color
blue over gray. A study of visual clutter caused by textual
annotations in a 3D model highlighted the need for a proper
and intuitive method for the user to parse through annotations,
indicating that the reduction of visual clutter was necessary to
increase the efficiency of finding relevant data (Camba et al.
2014). This was supported by Ljungblom et al. (2017), who
concluded that little to no text in a 3D model was preferred,
and that the data should ideally be searchable. Viewing angle
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adjustment and free navigation within the 3D model were
noted by Herbert and Chen (2015) as perhaps the most signif-
icant advantages of a 3D model.

Despite the increased use of 3D DDP visualizations in
Sweden, there is still a lack of national cartographic guidelines
of the DDP visualizations, which has resulted in various car-
tographic solutions for the web-based interactive systems
(Fig. 3). Many of the visualization plans lack the possibility
to show information about selected objects in the map; in-
stead, more information is provided in sidebars or as links to
a PDF-description of the DDP.

Cartographic Studies of Mapping Uncertainty
in Planned Reality

The practice of cartography often involves mapping the invis-
ible. For example, administrative boundaries visualized on
maps are not visible in reality, but their meaning and repre-
sentation on maps is well-understood. Even though these fea-
tures are invisible, they are well-defined. In contrast, the ele-
ments to be mapped in a DDP visualization are both invisible
and uncertain. For instance, if the legal DDP dictates the spa-
tial location and size of an allowed building, the visualization
of these rules must allow for the possibility of many different
outcomes.

There has been extensive research of cartographic design
ofuncertain information, mainly towards uncertainty linked to
data quality (see overview in MacEachren et al. 2005). Even
though the uncertainty linked to DDP is somewhat different
(uncertainty due to later human decision based on legal con-
straint), there are interesting results from data uncertainty re-
search that is applicable to this study. Buttenfield and Weibel
(1988) created guidelines for mapping uncertainty by
matching types of uncertainty (positional accuracy, logical
consistency, completeness, etc.), data properties (e.g.,

measurement scale), and cartographic design methods. Later,
there have been a substantial number of studies evaluating
different cartographic design methods for uncertainty using
intrinsic (changing graphical representation) and extrinsic
(change of objects, use of supplementary objects, user inter-
actions, etc.) methods. Example of intrinsic methods is the use
of color and transparency to represent uncertainty (Djurcilov
et al. 2002; Seipel and Lim 2017). Examples of extrinsic
methods are use of the third dimension for uncertainty (e.g.,
Bevis et al. 2017) and use of visualizing sequences of alterna-
tive realizations. The latter is interesting for visualizing uncer-
tainty in outcome of (spatial) modeling (see e.g. Davis and
Keller 1997). For mapping uncertainty of 3D building objects,
Jones et al. (2013) created and evaluated several methodolo-
gies of adding stars to indicate quality. However, there is a
challenge of visualizing uncertainty in 3D geovisualization
since it needs to include the 3D geospatial data together with
the uncertainty data. Using intrinsic methods such as transpar-
ency will lead to a color mixing problem that makes it difficult
to separate the use of color for thematic information (e.g.,
building category) with transparency for building information
uncertainty. Diibel et al. (2017) argue, based on a study of 3D
landscape data, that one should not visualize all information
(3D data and uncertainty data) with high accuracy, since this
will overload the map reader. Instead, they propose a visual-
ization strategy based on prioritizing the information and vi-
sualizing only the most relevant in highest detail.

There has also been research more directly towards han-
dling the uncertainty issue in visualization in the planning
process. Billger et al. (2016) raised several challenges with
communicating plan proposals to citizens, such as the diffi-
culty in avoiding misrepresentation of reality or the possibility
of alternative (and erroneous) interpretations of the data. The
authors found that “when high photorealism is used, a sketchy
proposal can be understood as a fixed solution” (Billger et al.

Fig. 3 Various forms of 3D DDP visualizations are being employed by Swedish municipalities, with an example from Gothenburg on the left and Umea

on the right
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2016, p. 15). This is supported by a study completed by Kibria
et al. (2009) who found the level of detail (LoD) in the 3D
visualization should match the planning stage. The LoD here
refers to how they are defined in the CityGML standard,
where a higher LoD implies more detail has been employed.
In short, in LoD2, a building is represented by box models
where the general form of the roofs has been added; in LoD3,
the modeling also includes building objects such as doors and
windows (see Groger et al. 2012 for details). Kibria et al.
(2009) stated that when the building is visualized in LoD2,
the viewers focus on local details of the building design and
think that the final design may be altered, while if the same
building is viewed in LoD3, the viewers perceive that the
building will be fairly similar to the realized building.
Indeed, the disconnection between the fact that high realism
can impede the core message and the idea that increasingly
realistic data representations are preferable is denoted naive
realism in a seminal paper by Smallman and St. John (2005).
They argue that displays should highlight task-relevant
information, and this process of highlighting inevitably
entails paring down reality, a notion supported by Diibel
et al. (2017) and Zanola et al. (2009). The latter found that
novice users infer significantly more quality in 3D urban data
if the data are more photorealistic.

Public Participation

Onyimbi et al. (2018, p. 1) define public participation as “the
process by which an organization [...] consults with interested
or affected individuals [...] with the aim of making widely
acceptable and sustainable decisions.” The significance of
public participation in urban planning has been well-
established in the literature as allowing citizens to feel more
engaged and satisfied with their community development, as
well as part of a larger functioning democratic process. On the
international stage, the Rio Declaration on Environment and
Development in 1992 officially stated the importance of pub-
lic participation at the relevant levels and the need for infor-
mation to be accessible (United Nations 1992). More recently,
the United Nations’ Sustainable Development Goals included
a specific target for enhancing participatory and sustainable
urban planning (Goal 11, target 11.3) (United Nations 2016a),
and explicitly named social inclusion as one of the core tenets
to achieving sustainable development (United Nations
2016b).

However, public participation methods are not all equal.
Arnstein (1969) developed the Ladder of Citizen
Participation five decades ago, in which she classified
methods of communication on an §-rung ladder moving from
non-participation, through degrees of tokenism before finally
arriving at degrees of citizen power (i.e., true participation), in
which citizens are empowered and can effect change. On a
national level in Sweden, the need for proper citizen dialogue
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is also recognized by the National Board of Housing, Building
and Planning (swe: Boverket). The national board has devel-
oped their own set of “participation stairs” based on
Armnstein’s work and stresses the importance of informing cit-
izens about which level of citizen dialogue is occurring
(Boverket 2018). The national board also discusses the impor-
tance of citizen participation as part of a true democracy, and
the added benefit to the project of the public’s intimate knowl-
edge of the municipality (Boverket 2018). McLaren Loring
(2007), p.2658) concluded that development projects “with
high levels of participatory planning are more likely to be
publicly accepted and successful,” while Liu et al. (2018,
p.1) stated “public participation is critical to the development
of urban renewal projects.”

For public participation to succeed, the information to be
reviewed needs to be understood by the audience. Public par-
ticipation GIS (PPGIS) is an area of GIS that was first
established in the 1990s and was borne out of a desire to better
integrate the technological achievements of GIS with the hu-
man side of urban planning (Obermeyer 2013). It has been
argued that, when communicated poorly, GIS can be an iso-
lating technique, and debate has occurred about the use of GIS
as a democratizing or a disenfranchising force (Obermeyer
2013). The potential for unintentional biases led to subsequent
PPGIS studies focused on methods to increase public partici-
pation in urban planning, or to improve the communication
between technical (municipality) and non-technical (citizens)
people (Carver et al. 2001).

As early as 2000, Carver et al. (2001) were exploring the
usefulness of online GIS systems for communicating with the
public and noted the difficulties people had in interpreting
highly technical maps. On researching 3D web applications,
Alatalo et al. (2017), p.1) stated that 3D visualizations “have
proven useful in enabling the participation of the general pub-
lic in [urban planning projects] since they facilitate efficient
communication of plans to non-professionals.” A study that
evaluated different visualization tools for empowering citizens
found that 3D digital modeling had potential for enabling
strong levels of “Integration” and “Independence,” two of
their identified contributions to design empowerment
(Senbel and Church 2011). Onyimbi et al. (2018) investigated
the use of 3D web-based city models for electronic participa-
tion and found that, although the results indicated that the
efficiency in which 3D environments could be understood
depended on a person’s professional background, 3D web-
based tools were more effective at communicating informa-
tion than 2D paper-based presentations.

At the Swedish level, studies as part of the Smart Built
Environment program (https://www.smartbuilt.se/in-
english/) also indicate that 3D visualizations could improve
citizen dialogue (Almqvist et al. 2016; Ljungblom et al. 2017).
The Swedish Mapping Agency (swe: Lantmdteriet) has
named the use of 3D visualization in communication between
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municipalities/authorities and citizens as part of the path to-
ward reaching the goal of digital dialogue in Sweden by 2025
(Lantméteriet 2019).

The pivotal question in the context of this study is then
how the cartographic design should be developed to en-
hance the relay of information to the public. A critical
look at the current 2D DDP visualization (Fig. 1, left)
indicates a mass of symbols, text, boundaries, and colors
overlaying each other. The reader is required to decipher
the many symbols applicable to each spatial boundary and
consult the detailed legend for its definition. Without the
ability to change the magnification of the static image,
information can be deemed simply illegible by the reader.
From that perspective, the mapping of the invisible in the
DDP context is not served well for the public by the
current cartography.

Method
Research Design

The aim of this study is to improve DDP visualizations
through the use of 3D web-based models. The goal of gaining
insight into preferred visualizations for 3D maps is well-suited
to qualitative research, which can emphasize a more holistic
approach in analysis and allow for more in-depth analysis with
fewer participants (Ghauri and Grenhaug 2002). Experts who
work in the professions of urban planning and GIS for the
municipality were chosen to provide a thorough evaluation
of the 3D designs. Wroblewski and Leitner (2009) noted the
efficiency gained in using expert interviews to analyze a mod-
el, which is beneficial for a study of limited time scope.
Interviews are a well-established method for collecting prima-
ry data and are preferred over questionnaires for qualitative
studies based on the flexibility they allow for the participants’
responses (Ghauri and Grenhaug 2002). A semi-structured
interview method was chosen in order to strike a balance be-
tween allowing for the experts’ views and opinions to be
expressed while still considering how the research questions
would be answered.

The research design is summarized in Fig. 4 and described
as follows. Based on the literature review above, preliminary
map guidelines were created. Four different designs of a 3D
model for the study area were created using different carto-
graphic principles. A qualitative analysis of the maps was
undertaken using expert interviews and the map guidelines
were revised to reflect the results.

Study Area and Data

The study is based on a DDP created for a proposed develop-
ment called Stenkrossen and Rabykungen in Lund, Sweden
(Fig. 5). The planning process for the study area began in
2011, and the city continues to move toward the approval
stage with the most recent vote at the time of this writing
occurring in October 2019 (https://www.lund.se/03-2018).
Data provided for the study by Lund Municipality is
summarized in Table 1. The DDP used as the basis of this
study was the version released during the consultation phase
of the planning process (Swe. samrdadshandling) on February
1,2018.

Preliminary Map Design

The first step in creating the preliminary map guidelines is to
provide the cartographic designs, which were based on the
reviewed literature above. Although some of the design prin-
ciples are intended for static maps, they were thought to be
applicable in this context. The main design principles used
were:

*  Avoid known visual conflicts in 3D space—in particular,
use transparency, shading, and shadow with caution
(Neuville et al. 2018).

* Avoid highly realistic representations (Smallman and St.
John 2005; Kibria et al. 2009; Billger et al. 2016).

e Avoid or minimize textual annotations (Camba et al.
2014; Ljungblom et al. 2017).

Four different designs were created which retain these un-
derlying principles. More details can be found online (see
Judge 2019).

Design 1 (Fig. 6) was created to test the colors used in the
2D DDP for the study area, i.e., the colors used to display
property criteria in Fig. 1 left. The colors draw focus to the
study area and refer to the primary land usage in the proposal
(i.e., commercial, residential). The background map is visual-
ized with white groundcover and gray streets, while the build-
ings are visualized as a simple light gray.

Design 2 (Fig. 7) was created to test for a simpler visuali-
zation of the study area and more details in the surrounding
area, as a contrast to the style of design 1. The background
map includes more colors indicating variable groundcover,
while the buildings in the city model are dark gray to give a
higher contrast with the background map and differentiate
them from the proposal. The proposed building areas are

Preliminary Map
Guidlines

Literature Review H

H Create 3D Maps with H Qualitative Analysis H
Different Designs (Expert Interviews)

Finalize Map
Guidlines

Fig. 4 A summary of the research design for the project
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Fig. 5 The location of the study area (Stenkrossen and Rabykungen) within Lund, Sweden

shown in white, with the groundcover of the study area con-
tinuing the style of the background map.

Design 3 (Fig. 8) was created to test the same simplified
study area but with a more realistic surrounding. The back-
ground map uses an orthophoto, and the buildings in the city
model are visualized with fictitious facades created with the
software CityEngine (there was no existing 3D model of Lund
at that detail). The vegetation placement is based on real
geodata, but the tree visualization is also generated with the
software. The study area is kept in focus by being shown
entirely in white, including groundcover.

Design 4 (Fig. 9) was created to test a more abstract
style of both the study area and surrounding model. It
removes some of the detail from design 3 by using
more symbolic styles for the background map (textures
for groundcover, like grass, cobblestone, and dark as-
phalt) and vegetation. The buildings in the city model
are shown in white with no further detail, while the
study area is kept in focus with dark gray walls and a
dark red roof, intended to pull focus and add detail.

Preliminary Method to Map Uncertainty

The second step in creating the map guidelines is devoted to
visualizing the uncertainty of the plan, i.c., to avoid a situation
where the 3D DDP visualization is interpreted as a future
truth. The selection of the method for representing this uncer-
tainty was based on the following principles:

* Do not to use intrinsic methods such as color and trans-
parency to represent uncertainty (Neuville et al. 2018).
This is difficult to interpret in 3D due to e.g. the color
mixing problem.

* Avoid overloading the visualization with too much 3D
geodata and uncertainty data in one view (e.g., Diibel
etal. 2017).

Based on these statements, an interactive (extrinsic)
approach was chosen to stress the uncertainty, an ap-
proach based on the user being able to see and compare
different scenarios. The hypothesis is as follows: if the

Table 1 Data provided by Lund

Municipality for the study 2D/3D File format Details
2D DWG (AutoCAD) and PDF Detailed development plan
2D Shapefiles (ESRI) Lund base map data (roads, buildings, land use, vegetation)
2D GeoTIFF Digital elevation model
3D Multipatch (ESRI) Existing buildings in LoD2 (city model)
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Fig. 6 The study area as visualized in design 1

user could see two different scenarios (which are both
possible in terms of the legal constraints of the DDP), it
will give them a feeling of the uncertainty in the model.
To realize this, one of the scenarios shown could be the
outer envelope of each building, which is a maximum

legal realization of the building based on easily defin-
able property criteria such as maximum height. The spe-
cific comparison mode used in this study is described
further in the following subsection, with an example
shown in Fig. 10, top.

Fig. 7 The study area as visualized in design 2
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Fig. 8 The study area as visualized in design 3

Practical 3D Map Implementation + The ability to import the provided data to create the 3D
city model and DDP

To create an interactive web-based DDP visualization, the ¢ The ability to share the 3D models with participants

following requirements were stated: *  The functionality of comparing two scenarios in the viewer

1

Fig. 9 The study area as visualized in design 4
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Fig. 10 Using design 2 as an
example, the comparison mode is
shown on the top, while the
bottom shows the function of
clicking on an object in the DDP
and being shown its attributes in
an information pane

CityEngine is one (of several) software that fulfills these
requirements and was therefore chosen for the study. Sharing
the 3D model through the web application provided the func-
tionality of allowing viewers to navigate through the model
and view it from any angle; alter the sun position to view how
shadows would change throughout the days and year; and
search attributes related to the DDP or click on an object to
view its attributes in an information pane. Foremost, the soft-
ware provides the possibility of viewing two scenarios simul-
taneously in comparison mode (Fig. 10).

The base 3D DDP model was created by first translating
the provided DWG file into shapefiles using FME 2018.1
(Safe Software). The resulting data was processed in
ArcMap 10.5.1 (ESRI) before being imported into a new
scene within CityEngine 2018.1 (ESRI). Rule files were cre-
ated using the CityEngine scripting language Computer
Generated Architecture (CGA) shape grammar and were used
to generate the 3D content by extruding polygons to their
maximum height based on the information found in the
DDP, creating a box model. All polygons within the original
DDP boundaries became either objects (3D) or shapes (2D) in
the 3D model, with attributes expressing the information
found in the DDP. The 3D model was defined as a type of
semantic model, owing to the attribute retention. A 3D city

Information

model of Lund does not currently exist, so a surrounding map
was created using the provided data in order to place the 3D
DDP within the context of its neighborhood. Due to export
size restrictions, only a portion of Lund was visualized in the
3D model.

In CityEngine parlance, three scenarios of the plan area
were created for each model design (Fig. 11). The first is the
DDP visualized as the outer envelope of the buildings based
on the maximum height; the second is an example of one
possible realization of the buildings; and the third scenario
shows the existing buildings within the study area to provide
context to residents. While existing buildings imply a redevel-
opment is occurring, an alternative scenario (such as another
possible realization of the buildings) could be chosen for a
new development on an empty lot, or simply visualizing the
current study environment even without buildings. For all
these scenarios, the existing buildings in the vicinity of the
study area were also included. The scenarios were then styled
according to the four cartographic designs previously de-
scribed. Once the 3D DDP visualizations had been completed,
they were exported as CityEngine Web Scenes, uploaded to
ArcGIS Online, and viewed through CityEngine Web Viewer
(see link at Judge 2019). In the comparison mode, the user can
select to view two of these scenarios simultaneously.
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Fig. 11 The three scenarios used during the study are visualized here,
using design 1. The first scenario shows the DDP visualized as the outer
envelope of the buildings based on maximum height (top); the second
scenario is one possible realization of the buildings (middle); and the third
scenario shows existing buildings within the study area (bottom)

Interviews

Experts were chosen to partake in the study based on having a
professional familiarity with the topic, with an attempt made
to contact professionals across a variety of associations
(Boverket and municipal governments) and locations
(Malmo, Lund and Helsingborg) who work with various
stages of urban planning (architecture, GIS, building permits).
A limited time frame during the study is reflected in the small
sample size. Ten people were contacted for interviews, of
which two declined, four did not respond, and four agreed,
for a 40% response rate. The makeup of the participant group
was half female and half male, with ages ranging from approx-
imately 30s to 50s. Participants were sent the questions, the
original DDP, and a link to the 3D maps found in ArcGIS
Online (Judge 2019) prior to their scheduled interview.
During the semi-structured interview process, each participant
was asked the same set of open-ended questions (Appendix).
The interviews took place at the municipality office in Lund.
To ensure the validity of the primary data collection and anal-
ysis for the study, the interviews were recorded using an
Olympus Digital Voice Recorder (VIN-741PC) with each par-
ticipant’s permission. A summary of the participants’ details is
found in Table 2

Qualitative Analysis

A process of data reduction was completed for each interview
with the aim to focus, simplify, and abstract the content of the
interview. The interviews were first transcribed; then, the re-
sponses were summarized for each question, and finally, key
points were highlighted. An important aspect of validity is the
ability of the research to demonstrate its statements (Ghauri
and Grenhaug 2002); therefore, subsequent interview tran-
scriptions and key points were validated with the participants
(i.e., each participant was given an opportunity to confirm
their responses in a post-interview). Based on the information
summarized from the interviews, the map guidelines were
updated, and a final design was created to reflect the results.

Table 2 A summary of the

interview participants and details Profession Job location Experience  Interview date  Interview duration (min)
from the study
Plan architect Urban planning 8 years April 17,2019 60
Helsingborg
City engineer GIS, cadastral services 16 years April 18,2019 50
Lund
Plan architect Urban planning 3 years April 24,2019 105
Lund
Urban planning intern ~ Urban planning 6 months
Lund
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Table 3 The final map guidelines based on qualitative analysis of the
3D DDP designs are presented as cartography or functionality. Items
prefaced with [F] indicate functionality. The column marked “Used”

indicates whether the final design (Fig. 12) implements these
guidelines. An “X” indicates full implementation, a “/”” indicates partial
implementation, and a “-” indicates no implementation

Cartography
Guidelines
Retain colors from 2D DDP

Retain ground patterns from 2D DDP (i.e., dots or exes)
Include the boundaries of the detailed plan

Include the boundaries of public/private space
Use transparency for the 3D volumes
Include the 2D DDP as an optional base map

Visualize the DDP within a 3D city model

Visualize the default city model in a simple form (light gray, no extra details or facades)

Visualize existing/current study area environment

Visualize at least 2 example designs for the study area

Reasoning Used
- Recognition for planners and citizens X
- Visual cue indicating the volumes do not represent
buildings (avoids highly realistic representations)
- Visual representation of the plan (main usage)
- Visual representation of the plan (building limitations) X

- Keep the focus on the DDP /
- Provide a clear differentiation between DDP and

surrounding area
- Indicates where citizens’ comments have clout /

- Visual cue indicating the volumes do not represent buildings X
- Resulting lighter colors removes the “heavy block” feeling

- Ease the transition from 2D to 3D /

- Provides diversity in the ways of disclosing information

- Provides contextual information X

- Allows citizens to view the proposal from their property

- Keep focus on the study area /

- [F] Allow the user to change the level of detail of the city
model

- Provides a reference point for citizens X

- Match the style to the city model

- Communicates the difference between the DDP and actual /
buildings

- Communicates an ongoing planning process

Visually differentiate the example designs from actual buildings and avoid highly realistic - Communicates the difference between illustrations and /

visualizations: either plain white, or “gaming-style” iconography

Visualize the default background map in simple form with some environmental details;

avoid orthophotos

Visualize the default view without vegetation, but include it as an option

Do not allow vegetation in the 3D DDP unless the regulations include it

reality

- White building models have traditional significance in
planning

- Gaming-style iconography provides attractive illustration
while avoiding highly realistic representations

- [F] Allow the user to change the visualization

- Keeps focus on the study area /

- Provides environmental context for orientation

- [F] Allow the user to change the map

- Reduces the loading time of the application X

- Provides environmental context for the viewer

- Lessens the shock of 3D volumes

- [F] Allow the user to toggle vegetation on/off

- Avoid misleading the public -

Functionality
Guidelines Reasoning Used
Retain all the information found in the 2D DDP in the form of an easily searchable legend - Information found in one place /

- Allow for 2-way navigation between the model and the
information within it

Include a slider to compare the 3D DDP to the other scenarios: example designs or existing - Communicates the difference between the legal regulations X

buildings

and a potential building; indicates uncertainty

Give the user options: collapsible menus with options for vegetation, city model, example - Utilize the flexibility and interactivity of a digital model /

designs, and background; separate menus for legal regulations and the others

Avoid overwhelming the user with options by utilizing interaction design

Include a help section with explanations of functionality

Include pop-ups with relevant information for each object in the 3D DDP

Include a timeline of the planning process, and an explanation of the level of public

participation

- Give the user control over the visualization

- Provides options while maintaining a clear interface to -
appeal to users of all technologic proficiencies

- Highlights the relevant tools and functions

- Ensure the application and visualization are inclusive to -
users of all technologic proficiencies

- Provides easy to navigate and clear information for each -
object

- Highlights the main usage of each area (i.e., sports)

- Communicates the proposal stage and whether the -
commenting period is still open

- Allows for a transparent comment period

- Shows the progression of the proposal through time
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Results

The result from the interviews concerns the cartographic de-
sign, methods to map uncertainty, and issues concerning the
public participation. These results were later used to create the
final map guidelines, as described in the later “Discussion”
section.

Cartographic Design

During the interviews, the participants were shown each de-
sign in turn and asked to critique them with prompting ques-
tions asked by the interviewer. The results from those discus-
sions are summarized for each design below. The cartographic
critiques from the participants were parsed out to achieve rec-
ommendations for use in national guidelines of 3D DDP vi-
sualizations (Table 3).

Design 1: The traditional colors aid recognition—
especially for planners, but also for citizens who have
previously seen detailed plans—and are a strong visual
cue for planning, not reality. It was noted that the box
model in high contrast colors felt “too strong.”
Participants wanted a legend for the plan colors, possibly
vegetation, and for the roads within and outside of the
study area to be differentiated.

Design 2: The inclusion of some environmental detail
and a slightly more realistic environment was better for
orientation. In the planning profession, a white box model
represents buildings which can be confusing when ap-
plied to the maximum restrictions of a DDP instead.
Since the DDP is all white, there is no obvious visual
cue that the box model is showing something other than
buildings, and although the limits of the detailed plan are
now easily discernable, the plan decisions are no longer
visible. Hence, it appears more as an illustration since it
does not convey the regulations. Users felt they were
missing transparency, more information, and boundaries
and that the detailed plan should be in colors representing
their usage.

Design 3: The level of detail distracts viewers and
takes too long to load, making it an ineffective
work tool. There is a lack of focus on the proposal,
as attention is drawn away from the plan to the
details around it: the orthophoto, fictitious facades,
and vegetation. The use of fictitious facades in the
city model would be especially distracting for local
citizens; unless there is an exact city model, people
will be distracted by inconsistencies between reality
and the model. This design does not show the plan
details visually, but the boundary of the detailed
plan is clearly visible. The vegetation inclusion is
good in general as it lessens the shock of big
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buildings, but trees should not be included in the
detailed plan unless it is regulated. One participant
thought the trees should be more symbolic.

Design 4: The vegetation provoked much discussion.
Among the participants, it was noted both that the sym-
bolic vegetation was better than design 3 and that the
symbolic trees were annoying, unnatural, and distracting.
It was suggested that the gaming industry had better ex-
amples of vegetation to use. The other main comment
was the use of different colors for walls and roofs in the
study area, which gave the incorrect impression of actual
buildings instead of maximum exploitations. The study
area appeared like an illustration, while the city model
seemed like the planned area due to the association of
white 3D models with planning.

Method to Map Uncertainty

The comparison mode, or slider tool, was demonstrated
for the participants during the interview. The reaction
from all the participants was positive toward the tool’s
ability to communicate uncertainty. The participants
commented on the modern feel of it and that having
multiple scenarios to compare seemed like a good solu-
tion to help people understand that they are looking at a
proposal. It was deemed effective by all participants,
with one interviewee highlighting that the slider was a
key part of the design for them. One suggestion was
that the slider should always be visible when the user
interacts with the model, in other words, that it starts on
the screen when the 3D visualization is opened, rather
than being an option to turn on or off.

Public Participation

The evaluation of the potential change in public partic-
ipation when using 3D visualizations was also broached
in the interviews, and aspects of these conversations
were included in the guidelines. The general results
are summarized below, while the implications are fur-
ther discussed in the next section.

Communication Change and Foreseeable Issues
with 3D Visualizations

All the interview participants reiterated that the design
of the current 2D DDP is difficult for non-professionals
to understand, hindering communication with the public.
It was noted that the paper-based document works well
from a legal perspective but is outdated in today’s
world. The participants thought the addition of 3D
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Fig. 12 A final design of the 3D model implementing the map guidelines as given in Table 3

volumes and a dynamic model would make it easier for
people to understand the plan proposal; however, every-
one also stressed the risk of false perception of the box
models and visualizations. The importance of communi-
cating uncertainty and an open planning stage to the
public was stressed here. The usability and inclusion
of a new technology was also broached by the partici-
pants as a possible barrier to the widespread use of 3D
web-based visualizations. Interaction design should be
utilized to increase efficiency of the final product.
Participants identified the democratic appeal of using
interactive and participatory technology as a benefit.
Finally, standardization of the 3D visualizations was
discussed as a way to increase the benefits seen.

The Role of Map Guidelines in Support for 3D DDP

In continuation of the previous point, the existence of
map guidelines as a form of standardization was
discussed as providing a better framework for develop-
ment in both software and legal domains. Achieving
good guidelines (i.e., appropriate cartographic design
and interaction possibilities to reflect the invisible and
uncertain elements of the DDP) should aid the user, and
having consistency based on map guidelines breeds rec-
ognition in the public.

Discussion
Cartographic Design

All participants agreed that standardization is needed for 3D
DDP visualization. Cities need to produce similar products
which allow for professionals and developers to more easily
work nationally. Visualization standards (i.e., map guidelines)
are an important component of that. As one participant noted,
the design of any product tells the user how to interact with it,
and the same principle should be applied to the detailed plan.
It should be recognizable to people, which requires standards.
The importance of map guidelines also comes from the need
to differentiate between illustrations and detailed plans, and to
map uncertainty. Additionally, legally moving to a 3D envi-
ronment in the future would require visualization standards.
A clearly emerging idea implicit in the interviews was that
moving to a digital web-based model requires the redefinition
of map guidelines. Just as appropriate cartography needs to be
redefined for a specific visualization, the definition of map
guidelines needs to include functionality and interaction de-
sign for 3D digital space. This was immediately apparent
when the first design critiques in all the interviews were re-
garding the box model and web viewer, instead of the specific
cartography of the study area and background map. This also
highlights limitations of existing software and web applica-
tions for achieving all the desired functionality for a 3D DDP
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Fig. 13 The use of the
comparison mode in the final
design is shown here, with the 3D
DDP visualized on the left, and an
example illustration on the right

visualization. One participant commented that standardization
was more important for software development than for visu-
alization—however, it seems the two are inextricably linked
when dealing with 3D digital space. For instance, the desire to
have object information in a pop-up rather than in an informa-
tion pane is dictated by technical tools, e.g., in our study how
the 3D model is exported from CityEngine and visualized
online (using either CityEngine Web Viewer or ArcGIS
Scene Viewer). The adoption of map guidelines could thus
result in software or applications tailored to the requirements
of a country’s planning process.

Comments from the participants also indicate that it could
be relevant to look to the gaming industry for better 3D visu-
alizations in some cases (i.e., for vegetation). Previous re-
search conducted on applying gaming design principles to a
visualization tool with a scientific purpose found that it may
improve the design on the user-end; however, the authors
highlight the different goals between gaming and utility soft-
ware. Further results in the study suggest users push it toward
a more playful game-like environment, which may even run
contrary to the needs of the software (Fitz-Walter et al. 2016).
One challenge in designing the 3D DDP is the need to not
mislead the user in what they are viewing. Although 3D visu-
alization from the gaming world may be more esthetically
pleasing, it may also run contrary to the goal of communicat-
ing uncertainty. This further highlights the need for specific
design principles for specific applications.

The participants’ views were used to redefine the
preliminary guidelines. Design 1 was preferred by every
participant due to the recognition of the colors used and
the visual representation of the plan proposal (specifi-
cally, the proposed use). It was discussed that the use of
planning colors also offers a visual cue that the volumes
do not represent actual buildings. An oft-heard comment
was the need to clearly communicate what the detailed
plan shows, especially when it is visualized as a box
model. This can be done explicitly, through a text box
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that explains to the user what they will see, and implic-
itly, through visual cues like unconventional building
colors and transparency.

While most of the preliminary guidelines remained rele-
vant throughout the process, two of the points required
change:

*  Avoid known visual conflicts in 3D space—in particular,
use transparency, shading, and shadow with caution
(Neuville et al. 2018)

* Transparency was a key element the participants felt
was missing from the 3D maps. It is a clear visual
cue signifying a difference between a maximum ex-
ploitation volume and a real building. It should be
stressed that this applies to the dynamic model, not
a static image of a 3D model.

* In the web application used to visualize the 3D
DDP, shadows are optional and dynamic according
to the user.

e Avoid or minimize textual annotations (Camba et al.
2014; Ljungblom et al. 2017)

» It was noted that the 3D models felt too simple at times.
More information was desired through pop-ups, or head-
lines signifying more clearly what the 3D map was show-
ing. Visual clutter should still be avoided, but interaction
design should be employed to make the most of textual
annotations.

The final map guidelines are outlined in Table 3, found at
the end of the “Discussion,” and separated into cartography
and functionality sections. A design of the new 3D DDP vi-
sualization was created that considered as much as possible of
the guidelines (Figs. 12 and 13) and can be viewed online (see
Judge 2019).
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Method to Map Uncertainty

The method chosen to map uncertainty in this case study was
the comparison mode, or slider tool, which allows a user to
choose two scenarios to view side-by-side. This was
highlighted by each of the participants as an elegant and sim-
ple solution to mapping uncertainty, and a tool that should be
carried forward to future 3D DDP visualizations. As noted in
previous subsections, other cartographic elements were also
chosen to contribute to that goal: namely transparency of the
DDP visualization and the use of the “unusual” planning
colors to indicate the maximum envelopes were not
representing actual buildings. While Neuville et al. (2018)
indicated that the use of such intrinsic methods as color and
transparency could lead to difficulties in interpretation in 3D
space, the participants in this case study were in agreement
that these elements be included. As such, the final method for
mapping uncertainty was a combination of the extrinsic ap-
proach of the comparison mode and the intrinsic approach of
color and transparency.

Public Participation

Public participation was discussed with the participants in the
context of the planning process (in Sweden). One theme raised
during these discussions was regarding democracy and a well-
functioning society, in that urban planning affects the public’s
everyday lives, so the public must understand plan proposals
and have the ability to comment on it. Participants said the 3D
model is easier to understand for everyone involved in the
process, and it is more democratic to use a model that is easier
to understand. One participant commented that the interactiv-
ity of digital media supports a participatory culture and estab-
lishes a strong connection between laypeople and the de-
signers. The importance of social inclusion in sustainable de-
velopment has been previously established by the United
Nations (United Nations 2016b); although two participants
highlighted that while public participation is important for
social development, it does not necessarily directly benefit
the economic and ecological aspects of sustainable
development.

The second theme was regarding the tangible benefit to the
plan design. Participants noted public participation helps plan-
ners understand aspects that might otherwise be missed, as
generally, more people thinking about a plan leads to a better
result. Boverket has also recognized the benefit of including
local knowledge in plan proposals (Boverket 2018).

The general comments about the current design of the 2D
DDP included the difficulty in understanding the plan propos-
al due to the overwhelming amount of information shown on
it, coupled with the need for previous knowledge to translate
the symbols and markings. The information density of the
design hampers viewers in imagining the outcome of the plan,

and the inclusion of an illustration may pull focus away from
the plan proposal. The paper-based DDP was called old-
fashioned and a “dead document” but was noted by one par-
ticipant to work well from the legal aspect.

In contrast, each participant indicated that 3D visualiza-
tions are easier for people to understand, a notion supported
by myriad previous studies (Kibria et al. 2009; Han et al.
2015; Almqvist et al. 2016; Ljungblom et al. 2017; Onyimbi
et al. 2018). The main benefits expressed by the participants
and supported by Herbert and Chen (2015) were owing to the
dynamism of the model: users can choose their own viewing
angles and perspectives, can go to ground level to understand
the impact of building heights, and can view the plan from
their own property. In short, the 3D digital model provides
better opportunities for the public to visualize the real impacts
of'the proposal and communicates the aim of the plan proposal
better.

Several potential risks in moving to 3D models were iden-
tified during the interviews. Every participant mentioned the
risk of false perception in what the box model represents and
highlighted the importance of communicating the difference
between what a DDP shows and how it might manifest.
Highly detailed renders were identified as increasing this false
perception, which is supported in the literature (Smallman and
St. John 2005; Kibria et al. 2009; Billger et al. 2016). The
challenge of trying to capture everything a detailed plan
should communicate is difficult for one model or image,
which one participant pointed out is ostensibly one of the
reasons it does not exist yet. Although it is difficult to com-
municate that many variations are possible in the final design,
to map uncertainty, it was noted that a 3D digital model is
better suited for the task. It was also noted that the stronger
image of a 3D model may elicit stronger reactions (which may
require a longer dialogue process), and it can be overwhelm-
ing for people to view buildings in 3D if they are not used to it.
This supports the idea of diversity in the ways of disclosing
information (Liu et al. 2018), as some people may prefer 2D
maps.

The usability or inclusion of a new technology such as a
web-based 3D DDP was also discussed. It was noted that there
exists a digital gap within a population, as people may have
unequal access to computers or Internet, and the public may
experience frustration at needing to learn how to navigate a
web-based 3D model. One participant had indicated unfamil-
iarity with the tools and functions available through
CityEngine Web Viewer and expressed a desire for a clear
introduction upon entering the web scene, while the need for
appropriate interaction design was raised several times by an-
other participant. Literature supports the idea that improving
the technology alone is not necessarily enough to improve
public participation (Senbel and Church 2011; Heiden
2018). As noted by Heiden (2018, p. 9), “technology is neu-
tral, but if a technology is dropped on top of a social structure
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that is unequal, all it will do is exacerbate those inequalities.”
In this case, the move toward 3D digital models could exclude
tech-illiterate citizens, and citizens unable to access the
models online. A possible solution is for the city to provide
a public-use computer in the municipality building for citizens
to access and be shown the 3D models.

Final Map Guidelines

The final map guidelines are outlined in Table 3 and separated
into cartography and functionality sections. Design of new 3
DDP visualization was created that considered as large part as
possible of the guidelines (Figs. 12 and 13) and can be viewed
online (see Judge 2019).

Study Limitations and Biases

The difficulty of analyzing free text such as interviews is ac-
knowledged by Ghauri and Grenhaug (2002), who specifical-
ly discuss how the interviewer’s background may greatly in-
fluence the interpretations, thereby causing problems of ob-
jectivity. In this case, the key points that were reduced from
each interview were sent to the participants as a validation step
to remove this bias. The interviewer’s bias may also be present
in the formulation of the interview questions, although an
attempt was made to use neutral language.

Ghauri and Grenhaug (2002) also discuss the bias that
relates to over- or underrepresentation of groups within the
respondents. This is an admitted bias of this study, which only
interviewed participants from the planning point of view, and
therefore did not consider the views of third-party architects
and laypeople. The preference of all the participants for design
1, which mimics the current industry standard, may be an
indication of this bias, as people tend to prefer the familiar
(Zajonc 1968). Further, there is an inherent selection bias,
wherein participants who were interested in the subject matter
of 3D DDP were quick to agree to participate, whereas disin-
terested parties who could have provided alternate opinions
did not wish to participate. These biases could be alleviated
given a longer time frame for the study and the possibility of a
larger variety in participants’ backgrounds and opinions.

A further limitation of the study comes from the number of
interviewees, which included four professionals. The smaller
number of participants was accounted for by employing open-
ended interviews rather than questionnaires to encourage deeper
discussion. It should also be noted that two participants were
interviewed together due to schedule accommodations and work
relationships, which may have affected how the individuals an-
swered the questions. However, each participant was still given
an opportunity to answer each question individually. Employing
a limited number of expert interviews in analyzing 3D visualiza-
tions was a method identified in several published studies, either
as the sole qualitative analysis (Haberling et al. 2008; Herbert and
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Chen 2015), or as a supplement to questionnaires from non-
experts (Nielsen 2005; Schroth et al. 2014; Rautenbach et al.
2016).

Conclusions

The aim of this study was to improve the DDP visualizations to
enhance public participation of the urban planning process. This
was divided into the development of cartographic guidelines, the
evaluation of a methodology to mapping uncertainty in the DDP,
and the discussion of the benefit of interactive web-based 3D
DDP visualizations in public participation. The results of the case
study are based on semi-structured interviews conducted with
four professionals in the fields of urban planning and GIS. The
interview participants indicated that a 3D DDP would improve
communication of the plan proposal to the public when care is
taken to avoid misleading visualizations. It was discussed that the
proposal impact is communicated more clearly with a 3D visu-
alization, and that a digital and dynamic model allows more
autonomy and flexibility for the user. However, the visualiza-
tion of maximum volume must be clearly explained and
differentiated from the visualization of a potential build-
ing. Interaction design needs to be considered for the
final application, as there needs to be a balance struck
between allowing variety for the user and keeping the
overall application simple and intuitive.

The question of whether 3D visualizations improve public
participation is more complex. The results from the interviews
indicated that map guidelines would create a future where the 3D
DDP is recognizable and understood more easily by the people
who need to comment on it. However, the literature indicates that
improvement in plan communication should not be conflated
with an improvement in public participation. While interview
participants recognized the importance of public participation
for social sustainability, they also raised the question of when
public participation occurs to be most impactful, and it was indi-
cated in the literature that true social inclusion and citizen em-
powerment require more than just a new visualization.

Based on the participants’ responses, it was clear that the
visualization of a web-based 3D model is inherently tied to the
technology behind it. Themes that emerged from the inter-
views could be broadly grouped as cartography or functional-
ity of the digital application. It was unanimous to keep the
traditional planning colors for the detailed plan and to use an
element of transparency as a visual cue that the box models do
not represent actual buildings. It was also unanimous that a
comparison mode provided an appropriate way to communi-
cate uncertainty, the difference between the detailed plan and
example designs. It was thought that the flexibility of a digital
model should be fully utilized in allowing users to choose
backgrounds and city model environments to their liking—
with the caveat that an element of interaction design be
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implemented so as not to overwhelm users with options. The
detailed map guidelines established as a result of the inter-
views are included in full in Table 3.

The importance of the planning phase and the role of
public participation therein have been well-established in
the literature. 3D visualizations have been shown to im-
prove communication with laypeople, which is one part of
improving public participation. Sweden is currently fo-
cused on improving aspects of its building industry
through standardization and new technologies, placing the
development of 3D visualizations of DDPs in a particular-
ly relevant spot. The map guidelines established in this
study therefore provide a solid foundation for this contin-
ued advancement of 3D DDP in Sweden.

However, whether the movement from static 2D to interac-
tive 3D DDP visualizations will improve public participation
in the planning process is a complex issue including aspects of
the public’s willingness to adapt new technologies. What we
can conclude from this study is that several planners think that
3D visualization will increase the public participation. But to
verify this in practice, it would be necessary to interview a
much larger, as well as more diverse, group of persons includ-
ing non-specialists, or to conduct a real-world test where a 3D
DDP visualization is created for a real case and also perform a
user evaluation based on this visualization.
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Appendix. Interview questions
Interviewee Information

e Name
* Job title/department

* Length of time in this profession

* Role in the planning process

*  What is your familiarity with the current DDP (i.e. what
they normally look like and information they contain)?

RQI: Does a 3D visualization of a DDP improve commu-
nication of the plan proposal to the public?

*  What do you think about the design of the current 2D
DDP to communicate the plan proposal to the public?
(i.e. the cartography and how public participation is
affected)

*  How would 3D visualizations change communication of
the plan proposal to the public?

* Do you foresee issues with using 3D visualizations as a
communication tool with the public?

*  What role do you think public participation plays in sus-
tainable development?

RQ2: Does the establishment of map guidelines support the
use of 3D visualization of DDPs for future public participa-
tion? (Disregarding legal aspects.)

*  What are the barriers to the use of 3D DDP for public
participation?

*  What would support the use of 3D DDP?

*  Would the establishment of map guidelines for this spe-
cific application support the use of 3D DDP? (i.e. instead
of making arbitrary design choices, one can consult
established guidelines)

RQ3: What are the preferred map guidelines for 3D visu-
alizations of DDPs in Sweden?
For each 3D design:

*  What is your initial impression of the design?

* Do you “understand” it immediately?

* Does it communicate the plan proposal effectively?
* Do you see advantages or disadvantages to it?

+ Is there anything you would change? Keep?

*  What should the final design look like?

Any remaining thoughts/comments/questions/concerns?
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