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E-guerrilla 3D participation:
Approach, implementation, and
usability study
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Territorial Engineering (insit), University of Applied Sciences and Arts Western Switzerland (HEIG-VD),
Yverdon-Les-Bains, Switzerland

Typical urban participatory approaches engage citizens through lengthy
sessions far from the area under transformation by an urban project. Several
issues result from these settings of involvement including the mobilization of
similar individuals, overwhelming participatory codes, or a gap between the
affected urban landscape and the location of the session. This study introduces
a modern approach that leverages the use of 3D web applications to address
some of the critical challenges of popular participatory sessions. The developed
approach, named e-guerrilla 3D participation, is based on five dimensions:
immediate participation, ease of use, flexibility, place-based engagement, and
immersivity. A prototype complying with these five dimensions was
implemented in this study. The prototype promotes an in situ engagement
where all the users (without distinction) of a public area can explore a future
urban project and get involved within minutes. A usability study conducted with
26 expert and non-expert participants investigated the prototype through a
fictive scenario. The findings demonstrate a positive outcome in terms of
participatory results that are identifiable with the prototype (highlighting the
controversial elements of the projects) and encourage feedback collected
during a survey and interview. The usability study suggests key aspects that
should be considered to improve the design of participatory sessions and their
interactive mediums (or tools), such as realism, affordance, incentive, and
purpose. The promising participatory approach (and prototype), which was
unpacked step-by-step in this study, does not replace typical practices but
could help to complement them by reaching a non-selected and broader
public; hence leading to the design of more inclusive participatory approaches.

KEYWORDS

participatory sciences, urban planning, urban participatory e-planning, 3D, virtual
geographic environment, e-guerrilla 3D participation

1 Introduction

The current practices of public participatory approaches do not meet democratic
expectations; several issues are inherent in the involvement of the population (Healey,
1998; Carpini et al., 2004), and institutions experience challenges due to the complexity of
implementing participatory approaches (Innes and Booher, 2004). Creating an interactive
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space that facilitates the dialogue between institutions and the
population should provide the same engagement opportunities
for all stakeholders, including individual dwellers. This
opportunity is often evaluated through representativeness,
which measures how well a participatory session is able to
reach the full spectrum of targeted stakeholders (Rowe and
Frewer, 2000). However, today’s practices do not provide
equal opportunities with the design (deliberate or not) of
“invited space,” which benefits only a few individuals (Everatt
et al., 2010). Furthermore, the mechanisms of involvement often
require the participants to transit to a specific location at a
specific time and to remain on the site for many hours. This
results in a few similar individuals attending the participatory
sessions (Kingston et al., 2000; Brown et al., 2014; McLain et al,,
2017) and makes the session poor in terms of representativeness.
As a participatory mechanism, urban participatory planning
experiences similar challenges.

Digital technologies offer the opportunity to create modern
virtual interactive spaces (Sinclair et al., 2017). These virtual
participatory sessions, based on the use of digital Information
Communication Technologies (ICT), extend the number of seats
available and improve the accessibility of the sessions by
providing more flexibility for the participants to choose the
time of involvement (Carpini et al, 2004). Therefore, the
public reached by digital participation can be broadened,
which may support enhanced representativeness. In the
context of urban participatory planning, the dialogue between
the authorities and the public is commonly spatially anchored.
To facilitate the interactions, digital cartographic mediums are
adopted, notably, Geographic Information Systems (GIS) and
their participatory counterpart, Public Participatory GIS
(PPGIS). These systems have been identified as valuable for
urban planning for more than 20 years (Al-Kodmany, 1999;
1999; Peng, 2001;
commonly used in participatory planning (Czepkiewicz et al.,
2018; Panek, 2018; Falco et al., 2019; Brown and Eckold, 2020;
Babelon et al., 2021). However, these solutions do not appear to

Talen, Rinner, 2001) and are now

be completely representative or inclusive (Sieber et al., 2016;
Kahila-Tani et al., 2019) and similar participant profiles are again
identified (Brown, 2012; McLain et al, 2017). Indeed,
participants difficult to motivate to attend
participatory sessions, even with digital tools (Miinster et al,

remain

2017). The key to increasing engagement is to design
participatory e-tools that are easy-to-use, perceived as useful,
plug-and-play, and user-centered (Bugs et al., 2010; Steiniger
et al.,, 2016).

The cartographic medium as a visual material can stimulate
dialogue between stakeholders, especially by creating a common
language that could be understood and used by individuals from
different backgrounds (Metze, 2020; Roque de Oliveira and
Partidario, 2020). However, a 2D cartographic object does not
straightforwardly portray the height parameter, which could lead
to legibility challenges (thus, not fulfilling its role as visual
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material). The depiction of the height is nonetheless crucial
for urban planning, where the debate frequently focuses on
the height of new volumes (Ruming et al, 2012; Ruming,
2018). The third dimension offers a clear representation of
urban and natural landscapes, facilitating the understanding of
complex spatial aspects (Al-Kodmany, 2001; Schroth et al., 2011),
which are often inherent to urban projects. For more than
the  development of Virtual Geographic
Environments (VGE) has enhanced 2D
visualizations and manipulation of advanced geographic data

20 years,
cartographic

(supported by the GIS) via the integration of 3D, and its z
component (Batty, 1997; Lin and Gong, 2001; Lin et al., 2022).
VGE and 3D visualization are flexible in terms of data (they
incorporate various sources), representations (from abstract to
realism), and interactions (from navigation to design of 3D
scenes) (Coltekin et al, 2016; Christophe, 2020). This
versatility offers the ability to adapt the VGE settings to fit
the tasks, with  different
representations to stimulate the collection of information.

participatory for instance
More importantly, versatility appears to motivate participants
(Hayek, 2011). Nonetheless, the consumption and manipulation
of 3D mediums can be troublesome for certain individuals, hence
leading to inequalities that are exacerbated by socio-demographic
characteristics (Burigat and Chittaro, 2007; Lokka et al., 2018;
Chassin et al., 2022).

Most of the applications of PPGIS and VGE in urban
participatory planning, even if web-based, are currently
optimized for personal computers. Therefore, participants are
still restricted in the modality of engagement. The necessity to be
involved from a personal computer limits the freedom of citizens,
who cannot participate on the go. Broader flexibility could be
generated from the use of smartphones and mobile participation
(Ertio, 2015). Mobile-enabled participation that adopts VGE can
be conducted “out of the lab” (Gill and Lange, 2015), notably
through the creation of web applications running in the browser.
Outdoor mobile participation has several advantages. First, it
enables the participants to choose the modality of their
engagement in terms of time and location (Ertio, 2015).
Second, regarding the digital divide, it seemed to be favored
by disadvantaged communities, who tend to consume mobile-
based broadband considerably (Mossberger and Tolbert, 2021).
Therefore, mobile-enabled participation could be a valuable
alternative to enhance the representativeness and inclusivity of
participatory sessions. Third, it can anchor the involvement in
situ (Bohoj et al., 2011). Most of the participatory sessions are
located in a remote location that is by definition not situated in
the area that is impacted by the project. Adopting mobile-enabled
participation could, therefore, reconnect the participation with
the area under transformation, facilitating the understanding and
the assessment of the impact of the urban project. Moreover, the
participatory session could be available for all users of public
spaces, including day workers and tourists, which are often
forgotten by participatory approaches. Non-local citizens can

frontiersin.org


https://www.frontiersin.org/journals/virtual-reality
https://www.frontiersin.org
https://doi.org/10.3389/frvir.2022.1054252

Chassin and Ingensand

indeed provide valuable inputs in participatory planning
(Onitsuka et al., 2018). Some positive applications of in situ
participation are mentioned in the literature, including the use of
a mixed-reality table and 3D modelization in a tent (Basile and
Terrin, 2010), the design of a head-mounted Virtual Reality (VR)
setting (Pouke et al, 2019), and the adoption of mobile
Augmented Reality (Korn, 2013).

This study aims to introduce a new approach to participatory
planning, namely e-guerrilla 3D participation, which considers
current participatory challenges and creates mechanisms to
tackle them. This approach develops the concept of in situ
engagement through the use of a VGE and brief semi-
immersive participatory tasks. One of the key objectives of the
approach is to improve the inclusivity of participatory planning
by implementing a 3D innovative design for quick, simple, and
efficient engagement. In this study, we first present a detailed
definition of e-guerrilla 3D participation and its dimensions.
Then, we describe how to translate this e-guerrilla approach
through a technical implementation, in other words, by
developing a prototype. Next, we present the findings, which
results from the testing of the prototype with expert and non-
expert users in a fictive scenario (N = 26). Last, we describe
findings that are remobilized to discuss the future of urban
participatory e-planning.

2 Materials and methods
2.1 E-qguerrilla 3D participation approach

The approach of 3D guerrilla e-participation combines
several methods from diverse fields. First, the term guerrilla
originates from User Experience (UX) usability testing
(Nielsen, 1994). Its goal is to reduce costs (financial and
temporal) related to usability engineering methods, and it
reduces the “intimidation barrier” of using these approaches.
The guerrilla approaches have several settings, and one of the
most famous examples is a UX designer waiting in a coffee shop
with a sign mentioning “Ask me about a free coffee.” When
testers/participants inquire about the coffee, the UX designer
explains that the testers/participants can enjoy a free drink if for a
few minutes (time to drink a coffee) they test a product and
answer a few questions. This method can be very efficient
because: 1) it uses a strong incentive (a free coffee) to attract
testers/participants; 2) it is low-cost compared to other types of
testing; 3) it is engaging the testers/participants where they
already are (no change of routine); and 4) it is simple to
implement and can be set up hypothetically anywhere in a
few minutes. These guerrilla approaches are often referred to
as “quick and dirty” methods to collect user feedback but can still
provide valuable information (Lallemand and Gronier, 2018;
Diederichs et al, 2020). The term “dirty” implies that the
testers/participants are often not representatives of the profile
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FIGURE 1
An example of the guerrilla solution design by HappyOrNot.

of the target users. Based on this guerrilla concept, the Finish
company HappyOrNot (happy-or-not.com/en/) designed a well-
known solution consisting of four smileys (very happy, happy,
unhappy, very unhappy) that aims at gathering feedback from
customers right after experiencing a service (often seen in
airports, shops, etc.) (Figure 1). This solution provides the
customers the opportunity to deliver in situ immediate
feedback. The presence of the colored smileys and the
opportunity to participate easily without engaging any time
works as the right trigger to encourage customers to click on
one of the buttons. This type of participation appears to be
efficient and inclusive (lowering the language barriers) (Jory et al.,
2014; Morgan-Daniel et al,, 2021).

Second, our approach to guerrilla e-participation borrows
mechanisms from tactical urbanism (Lydon and Garcia, 2015).
Tactical urbanism describes low-cost, ephemeral actions on
the territory that aim to deliver long-term transformation of
the place (physical and/or social). These actions can be
initiated by bottom-up as well as top-down processes. The
installation of benches and tables along the street, the creation
of urban gardens, or the drawing of new street signage are a
few examples of tactical urbanism (Lak and Zarezadeh
Kheibari, 2020; Cariello et al., 2021). Therefore, the actions
produced within the scope of tactical urbanism are diverse, in
situ (i.e., contained in the territory under transformation),
anchored to a small scale, engaging for local communities
(i.e., participatory), and often articulated around creative
activities such as art (Courage, 2013). Tactical urbanism
immerses local communities in an experimental setting of
the place, which generates an authentic emotional response
that could be investigated by practitioners (Stevens et al,
2021) to plan the evolution of the city in compliance with
the urban dwellers’ needs (Silva, 2016).

Built on these concepts and examples, our approach to
guerrilla 3D e-participation is based on the design of a digital
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participatory approach that uses 3D to support a better
immersion of the participants/users in an alternative
scenario of a place. guerrilla usability testing and tactical
urbanism both promote involvement settings that are
flexible,
proximate to participants. From these basic requirements,

informal, out-of-the-box, time-bound, and
guerrilla testing often implies a simple but efficient way to
collect information. The HappyOrNot approach is an
excellent example with a high number of quantitative data
produced by one-click feedback. A similar aspect of both the
HappyOrNot and tactical urbanism approaches is the
collection of participants’ contributions in situ, i.e., where
participants are experiencing the stimulus (which is the
transformation of an area in urban planning).

Therefore, our approach to e-guerrilla 3D participation aims
at mobilizing mechanisms of guerrilla usability testing and

tactical urbanism through five dimensions:

- Immediate participation. The participatory task should be
accessible immediately without any delay. Therefore, the
entry cost has to be actively reduced, to create a sentiment
of plug-and-play. Moreover, the approach should respect
and value the time offered by the participants that have
busy routines; thus, the nature of the task to be
accomplished should be quick to execute, but meaningful.

Ease of use. Increased complexity may drive users/
participants to abandon their tasks, which leads to
excluding some individuals, and ultimately hindering
inclusivity. Therefore, the approach should promote a
user-friendly, seamless experience that could increase the
engagement of users/participants.

Flexibility. Urban projects and participatory sessions are
heavily heterogeneous, e-guerrilla 3D participation should
be able to comply with these diverse contexts and
the
dwellers implies a high versatility of socio-demographic

applications. Moreover, involvement of urban
characteristics and preferences. Hence, the approach
should promote an engagement that fits a broad and

mixed population.

Place-based engagement. Participatory tasks should be
performed in situ. The objective is to create a strong
connection between participants’ contributions and the
place under transformation. The place related to the
project is emotionally bound to its users; therefore,
enclosing the participatory interaction within the place
under transformation could create more meaningful
contributions. Moreover, the users of the place are more
diversified than “the public” identified and invited by the
authorities; the involvement in situ could facilitate the
mobilization of all the users of a place.

- Immersivity. Urban projects are complex to understand
due to their uncertainties. Immersivity can promote a direct
engagement via portraying, without artifice, the future
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project within its surroundings, hence facilitating the
understanding of the project.

2.2 Implementation

Based on the concept of e-guerrilla 3D participation, we
developed a prototype implementing the five dimensions:
immediate participation, easy-to-use, flexible, place-based, and
immersive (Figure 2). This section does not aspire to convey too
many technical details; we will present how the five dimensions
were translated into a prototype. With this demonstration, we
expect to provide a factual description of the choices that were
made (technical, design, functionality, etc.) in order to facilitate
the understanding of the e-guerrilla 3D participation and
stimulate the creation of future alternative implementations.
Three subsections will discuss technological choices, controls,
and participatory tasks.

2.2.1 Technology

One of the requirements of the prototype is to allow in situ
participation. Furthermore, to improve the freedom of the
participant, the time of the engagement is not bounded. This
condition implies that urban dwellers should be able to visit the
place under discussion at any time and be autonomous while
contributing to the project. Therefore, no specific devices
operated by a facilitator can be implemented, because such
devices would be available for only a few hours. Also, to
comply with the easy-to-use dimension, we designed the
prototype to be run directly in a browser from any
smartphone. Today, smartphones are widely adopted by the
population around the globe and currently represent 60% of
the market share (desktop vs. mobile vs. tablet) (StatCounter,
2022).

The adoption of web technology aims at promoting access to
e-tools everywhere without any download required (perceived by
the consumers). Therefore, the prototype could be immediately
available by addressing an URL (Uniform Resource Locator)
within any browser. This URL can be typed manually, which
increases the time before starting to participate. Or the URL can
be accessed from a QR code (quick response code), which
the participatory task.
Furthermore, the adoption of QR codes has been extensively
used during the COVID-19 pandemic, which implies that the
population is now accustomed to scanning these types of codes.

provides immediate access to

The web application was based on a virtual globe (to enable
3D), namely Cesium]JS (cesium.com), which is already known
and used in the scientific community (Virtanen et al., 2018;
Lafrance et al.,, 2019; Wiirstle et al.,, 2021). Virtual globes are
powerful tools that can render large areas as well as small ones.
Since the 1998 and the speech of former Vice President of the
United States Al Gore about digital earth (Gore, 1998), the
development of the virtual globe has been thriving (Keysers,

frontiersin.org
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Presentation of the screen of the web application implementing the concept of guerrilla e-participation. From left to right: a picture of a
participant using the app in situ and observing the current layout of the public space with the future project; first screen where the participants have
to choose a category for their positive/negative tagged object; second screen where participants can develop their observation with tags and

comments before submitting.

2015). We selected Cesium]S, because the library is open source,
highly  flexible, out-of-the-box
functionalities, and is often updated. Furthermore, compared

provides  numerous
to other web solutions (video game engine, proprietary software,
other libraries), Cesium]JS supports natively geospatial data and is
able to tile large datasets to render them seamlessly (Kramer and
Gutbell, 2015). Another reason that motivated our choice to
adopt a virtual globe is the availability of basic data (digital
elevation model, satellite imagery) covering the entire surface of
the Earth. Therefore, our prototype may be easily re-
implemented for other projects in different locations.
Regarding the data, we used the 3D building layer provided in
open data by Swisstopo (swisstopo.admin.ch), which contains
the entire set of buildings in LOD2 (level of detail) for all
Switzerland. For projects outside Switzerland that do not have
access to this qualitative open data, Cesium]JS has integrated since
the 1st of June 2020 out-of-the-box OpenStreetMap Buildings
(osmbuildings.org), which cover nearly the entire globe (Ring,
2020).

Immersive technologies such as augmented and virtual
reality with smartphones or head-mounted devices have not
been selected for our prototype. The immersive feeling
promoted by virtual reality technologies can be valuable;
however, the necessity of using a device (headset or
cardboard) that immerses the participants completely is less
appealing. Some studies have shown that real-world stimuli
(ie., being in situ) could provide some opportunities for

immersive virtual reality (Pouke et al., 2019); nonetheless, the
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use of a screen that completely obliterates the real-world view is
not desirable (and is impracticable) for our approach. Relocating
the participation in situ aims at promoting an association
between the real world and virtual objects to facilitate the
comprehension of the aspects of the project that transform
the place. Augmented reality, which is closer to the real
environment in the reality-virtuality continuum (Milgram
et al., 1995), can flawlessly promote the association between
the real and virtual world and enable public participation
(Hunter et al., 2021). Furthermore, the technology of Niantic
(nianticlabs.com) has been democratized by the popularity of
Pokemon GO (pokemongolive.com) and it supports the
integration of virtual objects in the real world without
requiring embedded LIDAR (laser imaging detection and
ranging) technologies. Therefore, any smartphone has access
to augmented reality functionality using a basic camera
(i.e., more inclusivity). However, the technology provides only
a temporary environment that is reset between each use without
capturing geo-location, which is a major issue for adopting this
technology in our approach.

2.2.2 Controls

The e-guerrilla 3D participation approach emphasizes the
requirement of inclusivity in participatory planning. However,
the manipulation and perception of a virtual geographic
environment, such as a virtual globe, can be challenging for
certain users/participants according to their skills, socio-
demographic characteristics, and experiences (Coltekin et al.,
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2016; Ugwitz et al., 2019; Chassin et al., 2022). Considering these
differences, we aimed at lowering the interaction metaphors with
the virtual globe to create better affordances, thus facilitating the
interaction (easy-to-use dimension). Typical interactions with
virtual globes are executed through a mouse and keyboard, or a
touchscreen for smartphones. The approach of e-guerrilla 3D
participation is to immerse participants directly within the
location of the project under discussion. Therefore, the mouse
and keyboard are not straightforwardly practicable, because the
participants would have to stay static or transport the mouse/
keyboard/device at any time. Touchscreen-based manipulation
can also hinder the association between real and virtual, with
participants looking down at their phone to observe and interact
with the VGE, and then looking up to observe the urban
landscape, which could result in participants being mainly
their
(Ingensand et al, 2018). Furthermore, touchscreen-based

focused on screens, as observed with students
interactions have issues such as the fingers of the user
covering elements that are visualized (Wobbrock et al., 2008).

Our approach to facilitating the interaction between the
users/participants and the virtual globe is to mobilize the
the (GPS,

accelerometer, orientation angles). This data from phone

sensors  accessible  within smartphone
sensors has already been proven accurate enough in studies
using pictures taken from smartphones (and by consequence
containing default sensor data) and published on social
networks (Foltéte et al., 2020; Chassin and Ingensand, 2021).
The smartphone could, therefore, be used as a tangible device to
manipulate the virtual globe. The use of tangible devices has
demonstrated a certain value compared to the more typical
techniques of interactions (touchscreen, mouse/keyboard)
(Besangon et al, 2017). This sensor data is becoming
increasingly available through web browsers with the
development of Sensor APIs (Application Programming
Interface). With this data, it is possible to locate and orient
the smartphone of a participant in real space. Considering that a
virtual globe portrays a virtual image of the real world, we can,
therefore, connect the real data provided within the smartphone
to the virtual environment. Our controls of the virtual globe
were thus reduced to moving physically within the real world
and orienting the smartphone in the desired direction. Users/
participants are able to visualize through their smartphone a
virtual overlay (future project) on the real world, such as a
portal or a window (Figure 2). Therefore, no direct interaction
was necessary to manipulate and orient the virtual globe and
this contributes to lowering the entry cost of the approach, thus

improving its inclusivity.

2.2.3 Participatory functionality

With the e-guerrilla 3D participation approach, the
population is involved in situ, directly within the place
under negotiation, which is also the participants’ living
environment. Therefore, participants are already familiar
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with the virtual space because it is identical to the in situ
environment. The contextual objects, i.e., the buildings, are all
abstractly represented in the virtual environment that is
overlaying the real environment, so the participants should
be able to connect these two spaces easily and focus on their
participatory tasks.

In the prototype that was implemented, we aimed at
collecting the participants’ opinions about a hypothetical
future layout of a public place. We adopted a mechanism
broadly used in Public Participatory Geographic Information
Systems in a 2D layout (e.g., Sieber, 2006; Haklay et al., 2018;
Bugs and Kyttd, 2019; Brown and Eckold, 2020), which aimed at
collecting place-based inputs from the population about specific
topics, such as security, future development, or like/dislike,
through GIS functionality and vector data. In the approach
embodied by the prototype, geo-located positive or negative
opinions were gathered in a semi-immersive environment. To
mark a geo-opinion, the participants could look at any virtual
object and select an opinion.

Participants had access at any time within the web
application to two participatory options, positive: and
negative: . The selection of one of the two options led to
two additional steps (Figure 2), which are independent of the
selected options. The first step is an optional category selection
that encourages participants to define the object under
discussion (i.e., linked to the positive/negative opinion). The
categories were: a building, vegetation (trees, bushes, plants), a
pathway (street, walk path, sidewalk, etc.), a vantage point,
urban furniture (benches, public trash, light pole, etc.), and
other elements (that do not fit any category). The selection of
the category was facilitated by the depiction of generic images
supporting the participants in the selection of the right category.
The second step, also optional, offered participants more
freedom to define their opinion. Participants in this last step
could select tags connected to their opinion and category and
add written or vocal comments. Vocal comments were
encouraged because they are simple and quick to generate
for any participant (no typing is involved), and the voice can
be recorded, thus providing additional valuable information
about the participants (age, sex, emotion, etc.), that can be
automatically recovered with a satisfactory accuracy (Zaman
et al,, 2021).

Saved in a database, each participant’s contributions
(opinion, category, tag(s), vocal and written comments)
were associated with the sensor data recorded at the time of
the contribution (GPS position, orientation of the mobile
phone).

The participatory task was implemented for the case study
that will be presented in the next section. With the flexibility
provided by web applications and virtual globes, other
participatory tasks can be implemented as well, to fit the use
context in which the approach of e-guerrilla 3D participation
would be applied.
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FIGURE 3

10.3389/frvir.2022.1054252

Illustration of the study area with the location of the project’s objects. The top view of the study area shows a lighter surface, which represents
the explorable area during the usability study. On the right, the study area is presented from a first-person perspective with a realistic view (right-top)

and a view from the VGE (right-bottom).

2.3 Usability study

The evaluation of the usability of a new technological tool is
complex and often overlooked. This study aimed at challenging
our approach with participants (expert and non-expert) through
a fictive scenario in a real location. Participants (N = 26) were
invited to give their opinion on a park’s new layout. Through the
usability study, we gathered technical and conceptual feedback to
test the validity of our approach/prototype in a real practice
exercise and to identify improvement outlooks.

2.3.1 Designed use case and study area

The scenario designed for the usability study was fictive
but realistic enough to convince the participants of its validity.
For the study area, we selected an urban green space, located in
Lausanne, Switzerland and presented in Figure 3. This urban
green space was appropriate for the conduction of the
experiment, because this public space is mostly bare, with a
large grass surface, and contains only a few pieces of urban
furniture. The place overlooks an open space, where a lake and
mountains are clearly visible. However, because of its relative
barrenness, it is not very popular. Therefore, this urban green
space is suitable for the conduction of our usability study
because: 1) the place is located in the open air without many
trees, which is beneficial for the use of the GPS sensor of the
phone; 2) the place is not cluttered by too many objects (urban
furniture), which should be modeled in the VGE or it could
complexify the scenario (with the additional virtual objects);
and 3) the breathtaking view can be obstructed to stimulate the
participants’ feedback.

The markers, shown in Figure 3, portray the location of the
additional objects that have been effectively implemented in the
scenario: [0] (green) indicates the starting point, [1a] and [1b] the
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implementation of two benches, [2] the replacement of a
[3] a
substantial Ferris wheel, and [4] a skyscraper. The fictive

restaurant by a famous American coffeehouse,
transformations created by the projects were consciously
controversial to stimulate participants’ divided opinions. For
instance, the addition of a coffee house could contribute to
enhancing the place, but we selected an American brand
known to be polarizing.

We are convinced of the unrealistic nature of this fictive
project. The scope of the project under discussion is too large and
if the population is consulted at any point of an urban project, it
would be on a reduced range of objects. However, the goal of our
study was to assess the performance of the prototype and collect
participants’ tangible feedback on the approach.

2.3.2 Procedure

Figure 4 presents the procedure of the usability study. Two
entries are present in the figure: on the left are the steps that were
executed during the experiment, and on the right is the expected
practice of the approach/prototype without a facilitator. The
usability study of 30 min was conducted with one participant at a
time. In the expected practice, several participants can be
involved at the same time, and the time of engagement lasts
only a few minutes.

The usability study started by welcoming the participant,
explaining the program of the experiment, highlighting the
fictive aspects of the scenario, presenting a 2D paper-based map
of the fictive project, and explaining the operation of the
prototype. Each of the project’s objects was explained one by
one and their orientation in the real place was shown. The
explanations were developed with contextual details and
comments on the philosophy of each transformation induced
by the project. For instance, the conversion of the restaurant
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The procedure of the usability study. The left track shows the step of the experiments between a facilitator/observer and the participants. The

right track portrays the expected practice of the approach/prototype.

into a coffee house was imagined to address the lack of takeaway
offerings in the area (contributing to the non-popularity of the
place). Furthermore, information about the fictive participatory
session was also shared with the participants. We envisioned the
participatory session taking place after a design phase
conducted by urban experts and the project leaders. The
project was ready to be submitted to the legal public inquiry
(where the population can legally oppose the project), but the
municipality fictitiously requested this participatory session to
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assess the population preferences and measure possible
opposition.

Participants were also informed how the collected
contributions would be considered. In the real expected
practice, an information sign containing a QR code would
describe this information.

Then, the participant scanned a QR code to access the
prototype. No download was required, but two authorizations

were requested from the participants: access to the GPS
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TABLE 1 Distribution of the socio-demographic characteristics of the
26 participants.

Characteristics N = 26(%) Median(sd)

Gender
Male 16 (61.5)

Female 10 (38.5)
Age 31 (11.25)

Education
At least a Bachelor’s degree 24 (92.3)

Professional school 2(7.7)

Skills Insufficient Moderate Sufficient
Digital 0 (0) 3 (11.5) 23 (88.5)
3D 1(3.8) 5(19.2) 20 (76.9)
Urban planning 13 (50) 5(19.2) 8 (35.8)

position and access to the microphone of the phone (to be able
to leave vocal comments). The experiment was conducted on a
unique phone to standardize the contributions of the
participants. The participants were then free to explore the
future project with the prototype, get immersed in the new
layout, and record contributions. An observer was shadowing
the participant to make sure that the prototype was used as
expected and to record any difficulties in conducting the
participatory tasks.

After this step, the expected practice of a few minutes was
completed. In the usability study, the feedback of the participants
was collected through an online survey and was followed by a

brief informal interview.

2.3.3 Participants

The usability study concerned 26 participants, who were
invited to participate from 22 March to 27 April 2022. Nearly
40% of the mobilized participants were female. Young and elderly
were involved in the usability study, yet the median age was
relatively young. More than 90% of the participants had a
university degree. They mostly evaluated themselves to be
confident with the use of digital and 3D tools but considered
their knowledge of urban planning practices insufficient.
Moreover, most of the participants declared to have never
The of the
participants had a smartphone that is less than 2 years old,

attended participatory  sessions. majority
which they often use in the street (84.6%). Furthermore, they
did not appear to frequently visit the study area. Table 1

summarizes the socio-demographic information of the
participants collected during the online survey following the
usability study. Six professionals (ie., experts) also

participated in the study. We were able to invite two
participatory approach practitioners, one former municipal
director of an urban planning department, a project manager
in a GIS department, and two urban planning consultants.
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The profile of the non-expert participants fits our approach/
prototype. These participants are indeed tech-savvy and young
but seem to be foreign to participatory approaches. Our
approach/prototype aims at improving the inclusivity of
participatory approaches, i.e., mobilizing the “silent majority,”
with a technological approach. Therefore, the participants
engaged in this usability study appear to be one of the publics
that our approach/prototype could encourage to be more
involved in urban participatory planning.

The socio-demographic characteristics described in this
section were collected from the survey that followed the
experiment conducted with the prototype. This information
was not available within the prototype or its resulting output.

3 Results

The fictive study had two objectives. The first objective was to
assess the quality of the output provided by the prototype,
i.e, results that could be the output from the concept of
guerrilla 3D e-participation. This analysis was conducted
through a kernel density estimator and the identification of
the objects discussed by the participants. Several additional
investigations on the collected data are possible. However,
these prospects of data exploration will only be described and
not fully tackled because, on the one hand, we would like to focus
more on the second objective that is described below, and on the
other hand, the project under discussion is entirely fictive. The
second objective was to evaluate the quality of the prototype and
the user experience (positive or not) while interacting with the
prototype. Hence, through the findings, we develop two outlooks,
one about participatory planning practices with the introduction
of the concept, and another which is more technical about the
prototype itself.

3.1 Participants’ contributions analysis

Through this study we reached 26 participants, including six
experts. The participants contributed with 150 data opinion
points, which represented on average 5.8 contributions per
participant. Therefore, participants shared more opinions than
the number of project elements (5). Of these 150 contributions,
28% contained written comments shared by the participant and
21% of vocal comments. The contributions were mostly positive
(60% were positive and 40% were negative). Furthermore, the
written and the vocal comments were converted in length
(number of words and seconds) to assess if a relationship
between the length of the comment that was positively or
negatively tagged could be identified. The results were
evaluated with a Wilcoxon rank-sum statistical test, and
output negative results for both (p > 0.05 for vocals, and p =
0.054 for written).
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(C) OpenStreetMap contributors (C) CARTO

(C) OpenStreetMap contributors (C) CARTO

Kernel Density Estimator of the positive (A) and negative (B) contributions recorded by the participants. Points 1a, 1b, 2, 3, and 4 represent the

objects of the project described in Figure 3.

3.1.1 Kernel density estimator

To investigate the appreciation of the future project by
urban dwellers, we analyzed the spatial distribution of
participants’ contributions (positive and negative). Figure 5
depicts the Kernel Density Estimator (KDE) of these opinions.
Distributed between the positive and negative KDE, there are
three main kernels, which describe areas that have collected
the most contributions. Figures 5A,B highlight one kernel
(close to object 1a) that is positioned at the same location
for the negative and positive contributions. A shared kernel
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indicates a controversial area, where the participants were
vividly engaged with the project elements situated in this area.
Moreover, the two additional distinct kernels indicate an area
where the participants seem to agree on the positivity (close to
object 1b) or negativity (close to object 3 facing object 4) of the
object observed at these locations. Therefore, the two areas
where participants appear to share an alike perception of the
project’s elements do not need further discussion, because the
participants have a clear standpoint. However, the area of
identified share kernel should be further discussed in
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additional participatory sessions, through an extended
engagement in order to understand the causes of this
divergence.

3.1.2 Interpreting the contributions

Participants were able to record a positive or a negative
contribution through the prototype at any time during their
immersion in the future project. All the contributions were stored
in a database with the GPS position and the orientation angles of
the smartphone, although the object targeted by the participant
was not documented. This free engagement had three
1) flexibility the
implementation (that is not affected by the project and its

advantages: more in prototype
object under discussion); 2) the reduced time needed to
contribute (no additional step to record the object); and 3)

the ability to engage the discussion with elements that were
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not present within the project. For instance, it was possible to
mark an empty location as negative to indicate the lack of trees or
benches.

This approach implies that the targeted objects by the
participants were not straightforwardly identifiable. Hence the
development of a post-processing operation was required to label
the targeted objects. These operations are described in Figure 6C.
From the stored GPS position and orientation of the smartphone,
we could create a vector, whose length was defined as greater than
the study area. This vector was used as the height of an isosceles
triangle, which was constructed around the vector with a short
base. The triangle was then checked for any project objects
enclosed on its surface. If no objects were identified, the base
of the triangle was increasingly extended, until an object was
detected. A maximum triangle base had also been defined to be
able to detect a contribution that was not aimed at any object. The
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TABLE 2 Assessment of the tags recorded by the participants.

Tag Count (N)
Height 29
Density 3
Aesthetic 45
Architecture 27
Price 8
Location 39
Noise 2
Atmosphere 36
Security 0
Sustainability 11
Conformity 12
Utility 35
Lack 6
Other 7

raw orientations of all the positive (blue) and negative (red)
contributions are shown in Figure 6A. We can observe that
contributions have a clear orientation toward the objects of the
project and that it would have been possible to identify the
approximate position of the objects from the orientations.
Figure 6B illustrates a positive/negative distribution of the
identified objects through the method presented in Figure 6C.
Only three contributions did not target a project object. With the
identification of the objects, we observe that bench 1b was
significantly valued by the participants. The other objects
demonstrated fewer differences between the positive or
(3) was
considered a negative element of the project. However,

negative appreciations. Only the Ferris wheel
because of the small differences in the participants’ opinions,
objects 1a (bench), 2 (coffee house), 3 (Ferris wheel), and 4
could be discussed further through additional
participatory sessions.

(tower)

3.1.3 Additional indicators

The data collected through the prototype and consequently
the concept of e-guerrilla participation could be further analyzed.
In the previous section, we presented two indicators that are
widely used by practitioners in urban participatory planning. In
this section, we mention other indicators that could be extracted
from this collected data. First, it would be possible to continue the
evaluation of the targeted objects (Figure 6) by applying a filter to
the orientations and their identified objects. The resulting
representation would display the position from which the
project objects are tagged as positive or negative, thus
suggesting that certain points of view are considered more
negative than positive. During the interviews, one participant
mentioned a positive opinion toward the Ferris wheel from a
distant location. Nevertheless, once at the base of the Ferris
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wheel, the participant’s opinion changed to negative (both of the
points have been recorded).

Furthermore, the registered categories and tags can be
assessed to identify the characteristics that were the most
important for the participants. Table 2 introduces the count
of tags recorded through the experiment without distinction
between positive and negative. Table 2 highlights the most
employed tags, and indicates the significance of these
characteristics. Assessing these tags through their positive vs.
negative characteristics could deliver additional information on
which tags are the most important for positive aspects, or on the
contrary, which tags are the most important for negative
aspects. This distribution can also be connected to the
targeted objects to identify which qualities each of the
objects have.

Moreover, written and vocal comments can be valorized
using machine learning, and more precisely Natural Language
Processing (NLP). Vocal comments can be automatically
transcribed and translated. Good results were achieved with
open source and free engines such as Librosa (McFee et al.,
2022) and SpeechRecognition (Zhang, 2017) for the vocal-to-text
transcription. Additional analysis could be performed on the text
transcriptions, such as a token classification (which can identify
specific components of a sentence: adjective, individual,
localization, object, etc.) or sentiment analysis (that computes
sentiment from a sentence: anger, joy, confusion, etc.). We
suggest exploring Hugging Face (huggingface.co) to obtain
these NLP engines. Furthermore, through machine learning,
the voice of the participants can be analyzed in the vocal
comment. The voice conveys information about the sex and
the approximate age of the person; these parameters could help to
identify socio-demographic characteristics, which are not
collected otherwise.

3.2 Participants’ feedback

The main goal of this study was to assess the usability of
the guerrilla e-participation concept, its applicability, and the
experience of the users in using the prototype. The last survey
and interview steps contribute to evaluating this goal. Figure 7
presents the key questions posed during the survey. The
answers were collected on a Likert scale (1-5) from strongly
agree to strongly disagree. The experience of the participants
was collected in four main categories: feedback after using
the app (A.), immersive feeling (B.), understanding of the
project (C.), and the fit to urban participatory planning
practices (D.).

3.2.1 Feedback on the app

Participants responded very positively to the use of the
prototype (namely app in the questions). The prototype
ranked as easy, quick, and fun to use by nearly all the
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FIGURE 7

Results of the survey, portrayed on a Likert scale. * Answered as non-applicable by one of the participants. (A) Feedback on the app, (B)

Immersivity. (C) Understanding. (D) Urban participatory approaches.

o N
I 7.7%
I 11.5%

I 3.8%

participants. This feedback is crucial because these qualities
are the core of the concept implemented in this study. The
reduction of available functionalities within the prototype to
comply with the simplicity described in the guerrilla
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e-participation concept did not appear to be frustrating for
the participants, who did not feel constrained for describing
their contributions. The opportunity to skip or add
information at any step seemed to fit the expectation of the
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participants, who could contribute as much as they intended
to. Moreover, the exploratory learning time was considered
mostly positive with more than 80% of the participants
indicating seamless handling of the prototype.

3.2.2 Immersivity

The questions about immersivity were also positively
received by the participants of the study. The findings
demonstrate a strong connection between the virtual and
real environment, with a clear self-assessed feeling of
immersion in the future layout of the place. Furthermore,
not recalling issues with orientation implies a good fit of the
orientation of the virtual scene with the real environment.
Some offsets were recorded by observation during the use of
the prototype, yet in most cases, the offset was not noticed by
the participants, who were too captivated by the virtual scene.
The strong engagement with the prototype is demonstrated
by more than 25% of the participants not being attentive to
the surroundings. Following the observation notes, this
number of 25% seems underestimated, because during the
experiment some participants needed to be warned of the
presence of people in the study area. One participant even
mentioned the desire to step over one of the virtual benches,
and a couple of participants even forgot to participate
because there were absorbed by the prototype. Moreover,
the lack of realism of the VGE was communicated several
times during the interviews, and in the survey around 70% of
the participants would have preferred more realism.
However, the abstraction of the virtual scene was not
mentioned during the use of the prototype, and it did not
hinder its handling. The preference for more realism was
only stated after the experiment, during the survey, or during
the interviews.

3.2.3 Understanding
Before engaging with the prototype, the future project
was presented in situ with the help of a 2D map and oral
explanations. The questions related to the understanding
the role of 3D
comprehension of a future project.

aimed to assess in improving the

all
26 participants recorded a positive impact of 3D and the

Surprisingly,

prototype to facilitate the understanding of the project with
around 75% strongly agreeing with the statement. In
contrast, most of the participants felt neutral (30%) or
negative (>50%) that their understanding of the project
was clearer with the 2D explanation. This last statement is
undoubtedly affected by the spoken qualities of a facilitator,
but an outstanding presentation of the project with a 2D map
would be insufficient to reverse the tide. When using the
prototype, the participants expressed the need for more
information, which could hypothetically be implemented
directly within the prototype with links to additional
documentation.
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3.2.4 Urban participatory approaches
According to the participants of the study, the prototype and
the e-guerrilla 3D participatory concept appear to enhance

participatory approaches. Participants acknowledged the
usefulness of the prototype for wurban participatory
development. Furthermore, they indicated that quick

participation is a significant incentive to encourage their
participation, just as they considered the prototype to be a
good way to contribute quickly. We can postulate that the
concept of guerrilla e-participation could improve and
Additionally,
reported their desire to use the prototype if it were available

increase  public  participation. participants
in their city. However, the prototype as a unique means of
engagement appears to be more dividing. Some participants
indicated their disagreement with using only a prototype, but
50%

approaches should be customizable to fit urban dwellers’

would consider it sufficient. Hence, participatory
expectations, i.e., providing opportunities to deepen the

engagement with other participatory mediums for the

individuals who desire it.

3.2.5 Participants’ feedback according to their
socio-demographic characteristics

Following the testing of the prototype, one step of the survey
collected socio-demographic characteristics, which were used
along with the answers to the survey questions to compute a
correlation matrix between these two parameters. The results are
depicted in Figure 8. The correlation matrix portrays 2-by-2 the
correlation coefficient for these parameters. The blue color
indicates a negative correlation and the red color portrays a
positive correlation. Not all the pairs of parameters will be
described.

This correlation matrix was computed to investigate how
socio-demographic characteristics have possibly affected the
answer to the survey. Seven characteristics were denied:
digital skills, 3D skills,
knowledge, attended participatory session (if a participant has

gender, age, urban planning
already been involved in a participatory session), and street use of
a smartphone (if a participant tends to use their smartphone in
the street). These characteristics were encoded in increasing
numerical values to compute the matrix. The findings show
that age is negatively correlated with the fact that the
prototype could be useful to enhance participatory planning
and be used as a unique participatory tool. Therefore, the
higher age means fewer expectations with the e-guerrilla
participation concept. Regarding digital skills, an increase in
proficiency appears to be correlated to easier handling of the
prototype and the value expectation of quick engagement with
digital tools only. However, higher familiarity with 3D
technologies implies a higher requirement for realism and less
immersivity. More expertise in urban planning, by an increased
knowledge or involvement in participatory sessions, seems to be
related to less enthusiasm for adopting the prototype in urban
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Correlation matrix between socio-demographic characteristics of the participants and their answers in the survey.

participatory planning. The opposite relationship can be
observed for frequent users of smartphones.

These correlations are discussed for only 26 participants that
mainly answered with similar points of view. Accordingly, a few
individuals could impact the observed differences, and these
differences can be measured on answers that are positive
(strongly agree vs. agree).

4 Discussion

4.1 E-querrilla concept in urban
participatory planning

The concept of e-guerrilla participation that has been
detailed in this study demonstrated a strong potential for
participatory planning. The results of the usability study
portrayed informative output about participants’ preferences
in the project under discussion, with the highlight of the areas
and objects of controversy. During the interviews, most of the
participants mentioned the simplicity of the prototype (the
interactions are more natural than a mouse/keyboard), its
immersive qualities, and its originality, which are also
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observable in the answers to the survey. Being able to
explore the project in situ has been acknowledged as an
engaging way to participate, with an expert participant
describing the prototype as an upgrade of typical surveys,
which could help to lower their dropping rate. Moreover, the
immersivity facilitated the comprehension of the project. Some
participants even compared the prototype to a video game. We
also observed three participants that forgot to contribute
because they were completely captivated by the VGE.
Moreover, an expert participant mentioned that the virtual
immersion in the project can adjust the participants’ mental
representation of the different elements; for instance, the Ferris
wheel is often mentally pictured by its structure (a base and a
circle), although, cabins and the spokes are often forgotten.

Some challenges and issues were also raised during the
interviews, and the engagement of the elderly was discussed.
Seniors tend to experience hardship when interacting with
cognitively expensive tools (Kessels et al., 2010; Lokka and
Coltekin, 2020), such as VGE. However, the prototype was
designed to have natural interactive metaphors that lower the
cognitive load, and no major difficulties regarding the orientation
and the connection with the virtual environment were observed
for the two (tech-savvy) participants over 60 years old.

frontiersin.org


https://www.frontiersin.org/journals/virtual-reality
https://www.frontiersin.org
https://doi.org/10.3389/frvir.2022.1054252

Chassin and Ingensand

The objective is to design a tool that is as inclusive as possible,
but by definition, the adoption of a participatory medium
their
preferences, or abilities (Chassin et al., 2021). The approach of

excludes some individuals due to motivations,

e-guerrilla 3D participation needs to be completed by other
but this
approach aims at engaging individuals that are currently hard

participatory mediums and sessions, modern
to reach or identify (day workers, youth, the tech-savvy) without
introducing barriers too difficult to break down for the usual
suspect in typical participatory approaches.

One of the expert participants raised some concerns about
the virtual representation of objects of the project in 3D. The
virtual project provides the opportunity to visualize future
objects at their exact scale. Therefore, the observation location
strongly affects the experience of the project, which can be
positive if seen from far and above or negative due to its
magnitude from near and below. Furthermore, each additional
virtual object should be exact in terms of representation and
dimension; these two elements also impact the participants’
feedback. A delicate situation can result from a strong
opposition by the population, which arises from the use of the
prototype that portrays a virtual building bigger than the real
expected dimensions. The 3D visualization of a project has a
significant impact on its outcome, yet legal public opposition can
only be supported by the official dimensions and sections of the
project shared during the legal public inquiry. The use of 3D
visuals from the prototype does not have any legal value but still
represents an important input for decision-making processes.

4.2 Improvements of the prototype

4.2.1 Realism

The features of the prototype were extensively discussed during
the interviews. Participants emphasized the simplicity of the
interaction with the virtual geographic environment and the
quality of the representation. However, most of the participants
(including experts) asked for more realism and even stressed its
necessity. The debate between more realism or more abstraction in
virtual environments has been conflictual for years (Appleton and
Lovett, 2003; Hayek, 2011; Voinov et al., 2018), and a one-size-fits-
all solution has not been acknowledged in the scientific community.
Regarding the prototype, the main topics of dicussion were the
vegetation and the basemap. The representation of the trees within
the VGE was recovered from the default style in the Swisstopo data.
Trees were modeled in basic colors, trunk in brown and crown in
green, and their size varied according to their registered height (see
Figure 3). However, they all had a unique generic shape, which is not
dynamic according to their species, or the shape of their canopy
(following a prune or the season). The expert participants stressed
the importance of trees and greenery in every urban project since
natural elements are considered crucial by the population (Chételat,
2005). Consequently, a recommendation would be to improve the
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realism of these green elements in the VGE. The second aspect of
realism was the basemap. The selected abstract representation (also
from Swisstopo) did not contain enough granularity and the virtual
colors were different than the real elements, such as the pathways
(see Figure 3). A solution often mentioned was to adopt a satellite
image, instead. However, the implementation of a photorealistic
component with the abstract representation of the trees and the
buildings could potentially be too contrasting. Hence, an adequate
approach would be to use the main color of the real component to
texture the virtual component within the virtual environment,
which would improve the realism of the scene without
demanding excessive time for the redesign of the elements or
computational power to render the VGE. Due to the realism in
the CGI (computer-generated imagery) and the video game
industry, the expectation for realism can be considered as
disproportionate compared to the time and budget provided to
urban participatory approaches.

4.2.2 Participatory task

The tasks that participants had to perform were well understood
and did not present any difficulties. However, participants indicated
issues in identifying which elements were under negotiation. These
elements implemented in the virtual environment were not
contrasting enough to be understood as interactive. A radar
showing the location of the objects was implemented in the
prototype but the radar was portrayed as unclear (regarding the
distances) or was not consulted by the participants. An
improvement could be to create an exclamation mark on the top
of each object under discussion. The addition of this sign could
create contrast within the virtual environment, hence encouraging
participants to interact with the object. These mechanisms could
also leverage another concern specified by the participants, which is
the lack of information related to the objects. In the prototype, each
of the objects was connected to a simplified information box, which
appeared when a project object was clicked. However, due to the
lack of contrast among the virtual project objects, only half of the
participants consulted this information box, which partially explains
the lack of
information box was too brief, so participants (and experts)

information. Furthermore, the oversimplified
requested more information such as the material employed, the
cost of the object, or a photomontage depicting the object.

The step, where participants had to select the tags was not
well understood. Too many tags were present at this step, which
forced the participant to take a significant amount of time to get
familiar with them, which is not in line with the immediate
participation dimension. Furthermore, the tags were not
responsive to the participants’ previous steps, which lead to
disorientation. Some of the tags were rarely or never used, so
their usefulness can be questioned. The objective of these tags was
to enable the participants to add supplementary information to
their contribution and to provide categories in the data that could
be analyzed. Six tags were extensively used, and an improvement
to this tagging mechanism would be to reduce the number of tags
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shown to the participants or to display them according to the
participants’ inputs.

4.2.3 Applied scenarios

The prototype has been tested to immerse the participants in
a future project just before a legal public inquiry, which allows the
population to legally oppose the project under discussion. In this
scenario, participants were able to discuss objects of the project
that they liked or disliked through the prototype. This
implementation is one specific example of the opportunity
offered by the e-guerrilla 3D participation approach. One of
the topics reviewed with the expert participants during the
interviews was the potential applications of this approach in
other contexts. Several propositions were discussed.

One scenario, similar to the one implemented, was the
adoption of the approach for revisiting the legal public
inquiry. This process is not appealing to the population, who
only have 30 days to visit in-person the city office to consult the
legal documents, and the latter are not easy to understand. This
legal step is often associated with a physical mock-up placed in
situ at a 1:1 scale. However, these mock-ups are created by
placing vertical poles in the landscape, which can be hard to
apprehend for non-expert eyes. The approach demonstrated in
this study could facilitate the visualization of the project’s mock-
up and improve its legibility.

Another mentioned scenario was the comparison of different
alternative projects. Using the prototype, the participants could
be immersed in different projects, such as street furniture layouts,
building materials, or architecture designs. The virtual
exploration of these future alternatives could help the
participants to better understand the impact of the project on
the urban landscape. The prototype could also enable voting for
the preferred alternative.

Furthermore, the prototype could also be adopted as a simple
informative tool, where each of the elements of the project could
be visualized and consulted. Some participants suggested the
implementation of an overall view, where they could envision the
full project from a unique perspective (i.e., leaving the immersive
view). The location of the overall view could be pre-recorded, or
free, according to the participants’ needs. A flexible location
could allow the participants to visualize the project from a precise
position such as the window of a house affected by the project.

4.3 Limits

Some limitations of this study should be mentioned.

4.3.1 The involvement of participants

The limited number of participants (<30) that were involved
in the usability study, increases the weight of each participant’s
answers, and disrupts the significance of the statistical tests.
Moreover, any user study is subjected to bias introduced by
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the presence of the facilitator (also called the presenter bias) (Dell
etal,, 2012). This bias suggests that participants tend to give more
positive feedback to the technological solution that has been
implemented by the presenter. This bias could have been
significant due to the small number of participants in the
survey and interview step of the usability study.

4.3.2 The technical limitations

The libraries used to implement the prototype are still not
completely stable and not all browsers are compatible (e.g., Safari
and Firefox), which may lead to unexpected behavior on a larger
scale. Moreover, the current versatility of smartphone offerings
leads to confronting overwhelming differences in the consumer
pockets in terms of screen sizes, browsers, or device architectures,
which challenges the development of prototypes that are fully
responsive. Also, the use of a virtual globe, here to portray 3D
objects, is computationally expensive. Even with the recent
technological optimization with WebGPU and 3D tiling, older
devices may not be able to render the 3D environment.

4.3.3 The participatory approach

Quick digital interactions, such as those implemented in our
approach, may alter the meaning of the participants’
contributions and a gap could be introduced between the
participants’ original opinion and the one that is recorded
within the prototype (especially when the opinion is
nuanced). Furthermore, as already mentioned -earlier, a
participatory medium will exclude some part of the
population, so this approach should be complemented with
other participatory sessions.

4.4 Perspectives

In this study, we introduced a new approach that transforms
urban participatory e-planning with 3D technologies. The recent
bandwidth development with 4G and 5G, in addition to the
broad availability of public wi-fi hotspots, offers opportunities to
reconnect the location of the population engagement with the
area under transformation by the project. Based on this prospect,
our approach provides an in situ involvement of the participants,
who can explore freely a future project in a semi-immersive
environment using only their smartphones present in their
pockets. A prototype was implemented and tested during a
usability ~ study. Expert and non-expert participants
acknowledged the approach and the prototype as refreshing
and forward-looking.

We will now focus on improving the prototype by considering
the aspects discussed with the participants and strengthening the
quality of the output of the prototype by adding new analyses. One
key missing component is a real-time administrative visualization
tool. This component (e.g., a dashboard) could be valuable to

practitioners, who would be able to easily assess the status of the
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participatory session. The ultimate goal of these improvements
would be to design a prototype mature enough to discuss with
municipality officials about its applicability in a real case project.
Testing the prototype in this context would allow us to evaluate the
range of the participatory transformations promoted by our
approach.

The mentioned flexibility in our approach aims to create a
participatory medium that could be suitable for a large range of
contexts (i.e., generic) that are inherent to urban participatory
planning. The use of 3D visualizations requires specific data,
which is most of the time not available (hence time-consuming to
create), or pricey. The difficult access to this data can hinder the
adoption of 3D visualizations in participatory planning
approaches. Fortunately, this data is becoming gradually
available with open data initiatives, Volunteered Geographic
Information (VGI) projects (e.g., OpenStreetMap Buildings,
osmbuildings.org), and LIDAR data (necessary for self-driving
cars). Generic participatory tools could facilitate the
implementation of 3D technologies in participatory planning
projects in terms of creation time and qualifications (coding,
knowledge, etc.), hence providing more opportunities to the
authorities (that do not always have the capacities) to adopt
advanced participatory mechanisms, which could ultimately lead
to more meaningful and inclusive participatory planning.

Data availability statement

The original contributions presented in the study are
included in the github page of the project, further inquiries
can be directed to the corresponding author.
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