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HIGHLIGHTS

e Only a few cases exist where 3D use was studied in real-life planning processes.

e Robust usability evaluations with end users are rare.

e Due to heterogeneity in the field a framework for case study reporting is suggested.
e Research should critically evaluate usability for communicative planning purposes.

ARTICLE INFO ABSTRACT
Keywords: Public participation and collaboration supported by the opportunities that digital technologies offer are prolific
3D model themes in urban and landscape planning. In the past two decades, there has been a growing interest in the ca-
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pacity of 3D visualisations to support citizen and stakeholder engagement in communicative planning processes.
However, the technical advances of 3D visualisations still outstrip the current understanding of their benefits,
appropriate uses and usability in practical planning contexts. There are no reviews or systematic mapping of
literature, to our knowledge, that investigate the available evidence on the usability of particular 3D visual-
isations or that document the scope and gaps in current research on 3D applications in communicative planning.
To answer this need we conducted a systematic mapping of academic literature reporting recent case studies of
3D visualisations that have been utilised or developed for communicative urban and landscape planning con-
texts. We follow established guidelines for systematic reviews and used Scopus and Web of Science as primary
electronic databases. Altogether, we reviewed 46 case studies globally. Our findings highlight the heterogeneity
of planning contexts and purposes, terminology and technological 3D solutions. Moreover, the scarcity of real-
life planning cases and robust and well-documented usability evaluations are evident in the literature. We
discuss limitations of the existing academic literature for evidence-based understanding and suggest a common
framework for reporting in the field of participatory and collaborative 3D visualisations to enable more rigorous
and systematic evaluation of the usability and benefits of these technologies in urban and landscape planning.

1. Introduction opportunities that digital technologies offer to planning (Potts, 2020).
The importance of communication and its needs in various phases of

Public participation and collaboration have become mainstream planning such as in the goal setting, visioning, plan making, evaluation
discussion points in urban and landscape planning and so have the and the plan finalization phases (see e.g. Sharifi et al., 2002; Staffans
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et al., 2020) has increased in parallel with the overall digitalisation of
urban environment and the growing interest in various digital tools
(Staffans, Kahila-Tani, Geertman, et al., 2020). In particular, digital
three dimensional (3D) tools and approaches supporting communicative
planning have been developing fast in the past two decades (Billger
et al.,, 2017; Gill & Lange, 2015; Lovett et al., 2015) and attracted
attention in their capacity to support citizen and stakeholder partici-
pation and collaboration (Bouzguenda et al., 2021). This interest follows
the view that digital visualisations have power to offer new insights
through visual representation of knowledge, geovisual analytics of vast
amounts of data available in our societies and facilitating collaboration
among various stakeholders in order to develop solutions to real-life
problems (MacEachren 2001; MacEachren et al. 2004; McCormick
et al. 1987). With advances in technology, accessible and interactive
visualisation solutions have been developed with the aim of catering for
the different user groups and their perceptual and cognitive processes
(Andrienko et al., 2011; MacEachren et al. 2004). In recent years,
reality-based 3D geovisualisations and 3D city models have been applied
to facilitate participation in planning (Biljecki et al., 2015; Jaalama
et al., 2021; Virtanen et al., 2015), along with the visions of digital
twins, which provide a digital mirror representation of the prevailing
physical environment and interact with it in order to provide real-time
data of it for planners and stakeholders (Batty, 2018; Ketzler et al.,
2020; Tao et al., 2019). Currently various 3D visualisations are applied
as communicative tools in architecture, landscape architecture, and land
use, landscape and environmental planning at different stages of plan-
ning processes (Lovett et al., 2015; Portman et al., 2015).

3D visualisations used with citizens and other stakeholders in the
context of urban and landscape planning are ultimately aimed at
enhancing the substantive, instrumental and normative values of public
participation (Fiorino, 1990; IAP2, 2014). 3D visualisations are, for
example, envisioned to support the substantive and instrumental values
through shared language and, consequently, communication between
planners and stakeholders, integration of experience-based and profes-
sional knowledge, and sensitivity to and awareness of the planning is-
sues for high quality and more acceptable decisions (Hruby et al., 2019;
Lovett et al., 2015; Orland et al., 2001). They are also aimed to attract
public interest in planning processes in order to fulfil the normative goal
of wider democratic participation (Engman, 2016). Each planning
phase, however, calls for appropriate visualisations depending on the
tasks at hand (Billger et al., 2017; Staffans, Kahila-Tani, Geertman, et al.,
2020). In particular, an empirical study by Wissen Hayek (2011) high-
lights that different 3D visualisations facilitate participatory planning
tasks differently. For example, abstract (non-realistic looking) 3D visu-
alisations helped participants to focus on various attribute or spatial
data aspects when analysing the planning area thus fostering substantive
value of the participation, while realistic looking 3D visualisations were
useful in better understanding the causes and effects of developments
and potentially enhancing acceptability of the decisions, i.e. instru-
mental value.

Participatory and collaborative planning practices have their roots in
communicative planning theory that emphasises, in addition to
communication, shared knowledge building, mutual learning, and
inclusiveness (e.g., Forester, 1999; Healey, 2006). A planning process
consists of a sequence of communicative actions that involve both pro-
fessionals and lay people (Staffans, Kahila-Tani, Geertman, et al., 2020).
Staffans, Kahila-Tani, Geertman, et al. (2020) emphasise the changing
knowledge needs and the different types of communication within the
planning process. At times, there is a need to diverge the knowledge
base, i.e., to engage a large and diverse group of participants to gain
more knowledge and give space for various voices and new thinking. At
other times a need to converge the knowledge exists, where participants
discuss the value of the diverse knowledge claims and refine, negotiate
and choose ideas for further elaboration. It is also essential to recognise
the differences in communication between participation and collabo-
ration. Participation refers to working and communicating with a broad
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public and collaboration means working in small, selected groups (Innes
& Booher, 2007; Staffans, Kahila-Tani, Geertman, et al., 2020). Thus, the
needs for communication methods and tools vary during the planning
process and in terms of 3D visualisations, it would be important to
consider what communicative actions they are meant to promote.

The development of 3D visualisations is prominent both within and
outside of academia in a variety of fields, including information and
communication technology, computer science, urban and environ-
mental planning, cultural heritage and education (Billger et al., 2017).
3D visualisations can be divided into non-georeferenced visualisations,
such as virtual worlds on game engines, and 3D geovisualisations with
geospatial reference representing the real world, parts of the real world
or other data with a spatial reference (Bleisch, 2012). Examples of these
are Google Earth, 3D city models, 360 panoramic street views, elevation
models with topographic data and photogrammetry advanced 3D
models. The technological production process and platforms as well as
the level of real-world realism and immersiveness differ greatly. The
methods for generating 3D visualisations vary from manual processing
to semi-automated means. The level of realism in 3D visualisations vary
from non-reality-based or non-realistic-looking visualisations (Dollner,
2007) to realistic-looking or photorealistic visualisations (Julin et al.,
2019). Furthermore, 3D visualisations are presented with varying levels
of immersiveness. Head-mounted displays (HMD), stereo displays and
Cave Automatic Virtual Environments (CAVE) are usually considered
the strongest for generating a sense of presence (Coltekin et al., 2016),
while augmented reality (AR) based solutions extend the experience of
the tangible reality (Li & Fan, 2014). However, some 3D visualisations
are tailored for watching on 2D screens, where the immersiveness is
minimal (Celio et al., 2015; Dahlhaus et al., 2016).

Promoting communicative planning with citizens and other stake-
holders exerts certain requirements for the 3D visualisations. The
emphasis in the technical solution and user interface development shifts
particularly to the needs and perspective of the lay end user and the
interaction the visualisation enables; be it the interaction between the
user and the technology, i.e. human-computer interaction (Dix et al.,
2004), or communication between users. Common considerations in
designing digital tools for participation and collaboration are i.a.
accessibility, usability and meaningfulness to the end user (Kahila-Tani,
2015; Zhang et al., 2019). Lovett et al. (2015) list several aspects to
consider when using and developing 3D visualisations: the setting it is
being applied to, the visualisation content (e.g., the form of presenta-
tion, including interactivity and immersion) and the overall credibility,
saliency and legitimacy of the visualisation. Furthermore, 3D visual-
isations require a carefully considered balance between abstraction and
realism (Voinov et al., 2018), while the level of realism has been shown
to be a task and audience dependent factor (Lovett et al., 2015).
Regarding immersion, it has been suggested that the more immersive the
visualisation and the communicative process are, the more effectively
they engage stakeholders to discuss the planning decisions and impli-
cations for their environment (Gordon et al., 2011). These requirements
ought to be considered in relation to the objectives given to the
engagement, e.g., scenario feedback collection versus facilitation of
collaborative planning (Lovett et al., 2015).

The discussion about the usability and potential of 3D visualisations
is active among planners, municipalities, private sector developers and
civil society actors who develop and adopt these solutions into practice.
Discussions are found in professional journals, in industry blogs and on
company websites. However, the communication culture and the rela-
tionship with evidence-based knowledge in the non-academic forums
differs from that prevalent in the academic community (Billger et al.,
2017; EBDJ, 2015) where, for example, the evaluation rigour, depth and
basis on theories of communicative planning are more emphasised. In
building evidence of the usability and potential of 3D visualisations in
planning, the transparency and systematic reporting of methodologies
and knowledge production are important. Academic research exists on
how useful 3D visualisations are for planners and professionals (e.g.,
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Batty & Hudson-smith, 2014; Herbert & Chen, 2015; Ho et al., 2015;
Serginson et al., 2013), but fewer focus on their application contexts and
usefulness, i.e., their utility and usability (Nielsen, 1994), for partici-
patory and collaborative planning. Usability evaluations of 3D visual-
isations also apply varying aspects including the effectiveness, efficiency
and satisfaction in achieving specific goals or the appropriateness of the
solutions offered (Bleisch, 2012). Calls for better replicability and
reproducibility of research in geospatial sciences have been made due to
the demands of evidence-based decision making (Kedron et al., 2021).
This requires thorough documentation of the conceptual and analytical
choices made during a study be they related to the 3D technologies
applied, stakeholders engaged, the planning process or usability
evaluation.

There are no reviews or systematic mapping of literature, to our
knowledge, that solely focus on studies that apply 3D visualisations in
communicative planning. Namely either reviews that investigate the
available evidence of usability of 3D visualisations for communicative
planning or systematic mapping of research that documents the scope
and gaps in current research on 3D visualisation applications and us-
ability in communicative planning (Collaboration for Environmental
Evidence, 2013; Kitchenham et al., 2010). Billger et al. (2017) con-
ducted a literature review on the prevalence, usability assessments and
challenges associated with different visualisation tools, including a few
3D visualisation applications. According to the review, most usability
studies are experimental and prototype studies, while real planning
process and implementation studies are rare. Nasr-Azadani et al. (2022)
looked at studies on various visualization types from 2D maps to
immersive 3D technologies and the level of public participation they had
been used for in natural resource planning. Biljecki et al. (2015)
reviewed the use of 3D visualisations across multiple domains, among
which urban planning and communication of information to citizens
feature as use case examples. Coltekin et al. (2016) reviewed 3D geo-
visualisation literature and identified arguments for and against their
use in terms of when, in what kind of form and for whom. Coltekin et al.
(2019) summarise the evidence in a special issue of empirical case
studies of virtual and augmented reality (VR and AR) in various domains
and highlight the need to further study the interactivity of these
methods. Finally, in a review by Lovett et al. (2015), the most effective
use of 3D visualisations for landscape planning is discussed and future
research needs are suggested. The authors remark that today the tech-
nical advances of these visualisations outstrip our current understanding
of their best usage in practical planning contexts and that their effec-
tiveness should be more comprehensively evaluated.

In this study, we review recent academic literature on case studies of
3D visualisations that have been utilised or developed to support
participation and collaboration of citizens and or other stakeholders in
urban and landscape planning. We acknowledge the vast amount.

of 3D visualization applications and the development of the field
outside academia as crucial in their own right. However, we opt to focus
on academic literature and knowledge creation, which contribute to the
development of methodologies and theoretical basis for the communi-
cative use of 3D technologies. By collating the research literature, we
gain understanding on the characteristics of these particular 3D visual-
isations reported in the scholarly work and the link they have to plan-
ning practice. Particularly, the aim is to determine the empirical
knowledge base that scientific literature currently offers for under-
standing the usability of 3D visualisations in communicative planning.
The specific questions to address are:

1. In what kind of contexts have 3D visualisations been applied related
to communicative urban and landscape planning?

2. What technological solutions are used for the visualisations and
human-computer interaction?

3. What kind of communicative planning do 3D visualisations facilitate
and for which kinds of planning purposes are they developed? And
finally,
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4. What type of usability evaluations are prevalent to understand us-
ability of the 3D visualisations in communicative planning and how
are these evaluations conducted?

In the discussion, we reflect on the limitations of the existing scien-
tific literature for informing a systematic evaluation of the 3D visual-
isations’ usability in communicative urban and landscape planning.

2. Systematic mapping of research
2.1. Literature search

Systematic literature reviews assist in making sense of large amounts
of data, find answers to particular questions, identify what works and
what does not, and map out areas of uncertainty showing where more
research is needed (Petticrew & Roberts, 2006: 2). Systematic reviews
are common in the fields of environmental science and the nexus of
urban planning and human health and wellbeing (Barros et al., 2019;
Labib et al., 2020; Moghadam & Rafieian, 2019; Stone et al., 2019).
They have recently been applied, for example, to analyse the extent to
which participatory digital platforms are used in urban planning (Falco
& Kleinhans, 2018), how crowdsourcing is utilised in solving urban
problems (Chaves et al., 2019), and how smart city innovations affect
urban policing and safety (Laufs et al., 2020). In the field of built
environment planning, systematic reviews have been identified as a way
to achieve evidence-based practice (Hall et al., 2017).

Systematic mapping is a form of systematic literature review
(Collaboration for Environmental Evidence, 2013; Kitchenham et al.,
2010) that we apply in this article. In a systematic mapping, the aim is to
identify and categorize the existing research in a field or on a topic and
describe the extent of that research such as sub-topics addressed,
empirical methods used, and the sub-topics that have sufficient or
insufficient empirical studies for a more detailed systematic review of
evidence (Fagerholm et al., 2016; Hall et al., 2017; Kitchenham et al.,
2010). In a systematic mapping research is categorized and aggregated
based on specific variables of interest. Departing from basic systematic
mapping procedure, we place emphasis on the quality and relevance of
the publication (e.g. availability of information on the case study
characteristics) and as such follow the systematic review tradition,
where the rigour of evidence and relevance of the reviewed studies are
essential (Kitchenham et al., 2010). We apply the established guidelines
for conducting and reporting systematic literature reviews (Collabora-
tion for Environmental Evidence, 2013; Moher et al., 2015; Pullin &
Knight, 2009; Pullin & Stewart, 2006).

In the mapping, we include case studies from the fields of urban and
landscape planning. We omit transportation planning and building
design and architecture due to differences in planning contexts and is-
sues to consider (e.g., detailed scale of planning, relevant questions,
needed information, and level of details in the 3D model). We created a
review protocol, reported in a separate document, to guide the sys-
tematic mapping process (Eilola et al., 2021). The protocol was
reviewed by an informatician of the Turku University Library. Three
principal electronic academic databases were used in the publication
search; these included the Web of Science Core collection (WoS), Scopus
and Open grey repository (https://www.opengrey.eu). Google Scholar
was used as a supplementary literature source, because its search system
and curation do not meet the standards of curated bibliographic data-
bases (Gusenbauer & Haddaway, 2020). The publication search entailed
a combination of three search strings in English, namely:

1. 3D visualisation and related terminology (such as 3D geo-
visualisation, 3D model, digital earth, 3D decision support system
and 3D GIS);

2. urban and landscape planning-related definitions, including land use
and environmental planning and design, and
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3. various related concepts for participatory and collaborative
engagement such as people-centred, community-based and
communicative (complete search strings in appendix A).

A scoping exercise was performed to iteratively test and improve the
effectiveness of the search terms and strings in capturing a wide variety
of relevant use cases of 3D visualisations in literature. We acknowledge
that some relevant publications might not have been captured by the
search strings, especially due to disciplinary differences in terminol-
ogies. We omitted science domains related to medicine, material sci-
ence, mathematics, physics and biology in the database searches to
reduce the number of search results. Due to interest in the recent tech-
nological development and the desire to review the state-of-the-art and
go beyond the earlier published reviews (Biljecki et al., 2015; Billger
et al., 2017; Coltekin et al., 2016, 2019; Lovett et al., 2015), we used a
cut-out year of which over half of the found items had been published in
Scopus, which was the largest principal search database we used. Thus,
our dataset covers the years from 2013 to mid-2020.

The initial publication searches were conducted on May 28 and June
6, 2020 and resulted in a total of 1841 publication records after dedu-
plication was performed in Mendeley and subsequently in Excel (Fig. 1).
The publications were stored as title, abstract and publication detail
information in an Excel database. We then applied the following inclu-
sion criteria and selected from the records those studies that:

1. Employ a 3D visualisation that supports communication in relation
to an urban and landscape planning process.

2. Test, pilot or apply in real-life the 3D visualisation with citizens or
stakeholders as a tool for communicative planning. As stakeholders
we define, e.g., different sectoral administrations, civil society or-
ganisations, and people in an expert role. We define the concepts of
participatory and collaborative planning broadly and refer to any
form of citizen and stakeholder engagement in urban and landscape
planning regardless of the planning process phase.

3. Document enough information to determine the relevance of the
study following the above criteria and information on the majority of
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the reviewed variables in the publication that allow us to answer the
research questions of the review (description of variables in section
2.2 and Appendix B).

The records were selected through a three-phase filtering process
(Pullin & Stewart, 2006). The aforementioned inclusion criteria were
applied in the first phase to filter the 1841 records based on the title
only; in the second phase records were filtered based on the abstract (or
the introduction section or equivalent). In the third phase filtering was
performed by viewing the remaining 136 records at full text content.
This resulted in 39 records to form our review database. Records were
included in the next phase of the filtering process in cases of doubt, when
the information provided in the title or abstract was not enough to
determine the relevance of the record in relation to the inclusion
criteria. In six cases where a study and its results were covered in several
publications, the one publication, which documented most compre-
hensively information about the 3D technology, its application and us-
ability evaluation was included in the review database and in the
analysis. These other publications covering the same study were
screened for details of the study, if the information was not sufficiently
provided in the reviewed publication.

Three authors (S.E., K.J. and N.F.) independently conducted the first
filtering phases of title and abstract on a random subsample of 10 % of
the records to check for consistency of application of the inclusion
criteria (Pullin & Stewart, 2006). An average Kappa value was calcu-
lated as 0.458 (p = 0.000), which indicated disagreement between the
reviewers (Cohen, 1960: < 0.5). The authors then discussed the dis-
crepancies and clarified the interpretation of the inclusion criteria. All
remaining unclear records were examined together by the authors.

In the end, we conducted a refinement to our database searches. We
added terms related to decision support systems and gaming software to
our 3D visualisation related search string based on reviewer comments.
We also tested whether our initial search had left out relevant items due
to the selected science domains and thus included in the search material
science, mathematics and physics-related science domains. We ran the
refined searches in Scopus and WoS on March 10, 2022 and used the

Publications from WoS and Scopus
database searches:

Publications from Google Scholar
search:

Publications from
Open Gray search:

2363 items

e

5461 items 481 000 items 9 items
Science domain and cutout year Cutout year 2013 and title and abstract Cutout year 2013 filtering:
filtering (WoS 2013, Scopus 2013): filtering on 100 first items: 0 items

11 items

Second search
with additional
search terms and
more science

Deduplication:
1841 items

—_

Removed 522 duplicates

v

domains included:

2502 items Title and abstract filtering:

136 items
Deduplication:
1298 items

Excluded 1705 items

— T

v

including 96 proceedings

Full text filtering:
39 items

Filtering stages:
7 item

Excluded 97 items:

—

v

No urban/landscape
planning: 29
No user study: 46

46 publications to be analysed

Poor documentation, a
review etc.: 22 items

Fig. 1. Database search and literature filtering process. The graph shows the number of publications remaining at each phase of filtering. The second database search

and filtering process is described as a separate process.
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original time range. After the filtering (by S.E. and K.J) we added seven
publications into our dataset - one captured through the added science
domains and six by the new search terms. Together with the publications
found in the initial searches this totalled to 46 publications to be
considered in the review.

2.2. Data extraction and analysis

We developed a matrix with variables to extract, characterize and
analyse the extracted data from the literature. The matrix included
variables following our research questions and included several vari-
ables under each of the following themes:

. publication details,

. application context,

. characteristics of the 3D technology,

. characteristics of the participation and collaboration exercise

. characteristics of the possible usability evaluations (see full list of
variables in Appendix B).

a s~ wWN -

Publication details include for example year of publication, journal
name and disciplines of authors’ affiliations. Application context in-
cludes for example information about the case study site and its
geographical scale and the end and test users of the 3D visualisation. To
synthesise the field of 3D visualisations in participatory planning we
categorised the reviewed publications based on the novelty the publi-
cations claimed to provide. We identified the highlighted novelty of
each publication by content analysis of the results, discussion and the
conclusions sections of the publications. Three novelty categories were
formed deductively based on this and the case study context charac-
teristics by investigating the highlighted outcomes. These categories
indicate the main aim and contribution of each publication to the evi-
dence base of 3D visualisations’ potential use in communicative plan-
ning. The data-derived categories are 1) technical studies highlighting a
novel technical solution, such as prototype, work pipeline or demon-
stration; 2) user experience studies highlighting testing or piloting with
users and evaluation of usability and user experience; and, 3) planning
studies highlighting planning implications, including planning-related
inquiries and reporting, even if not presenting a real-life planning
case. Some papers were identified to present equal novelty in more than
one of these categories.

The characteristics of the applied 3D technology were investigated
by for example categorising the reported systems for processing,
developing and viewing the content, the data sources for the visual-
isation, the display for viewing and observed visual realism. The char-
acteristics of the participation and collaboration exercise included for
instance the purpose of using the 3D visualisation for participation or
collaboration and the medium used for communication between people.
Moreover, we utilised the theoretical schema by Staffans, Kahila-Tani,
Geertman, et al. (2020) and looked at the two variables that charac-
terise participatory and collaborative planning methods: knowledge
needs (i.e., diverging or converging knowledge) and mode of participant
engagement (i.e., participation or collaboration) in planning processes.
We took note of the reporting of a usability evaluation of the 3D visu-
alizations in the publications and categorized the research methods used
in each evaluation based on common categories of usability evaluation
methods: expert-based methods, participant-based methods (i.e., “user
testing”) and data analytics (Benyon, 2019). Expert-based methods are
evaluations in which a usability expert evaluates a design or user
interface analytically (e.g. heuristic evaluation). Participant-based
methods refer to empirical testing with actual users to examine how
they use the interface to complete tasks and to gather direct feedback
from the users. Data analytics entail evaluation of the usability on the
basis of computational data collected from its use. (Benyon, 2019).

We added the data from each publication to the matrix either as
predefined categories or as text citations (Appendix B). We also added a
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column in the matrix for our comments regarding the publication rele-
vance and quality. The data were extracted and analysed through con-
tent analysis (Yin, 2011). Predefined variable categorisations were
identified from the publications using directed content analysis and
analysed applying descriptive statistics. The variables with text citations
were analysed using conventional content analysis deriving the cate-
gories from the data. We used a qualitative data analysis software,
NVivo 12, to analyse variables that were based on larger narrative text
contents and Excel for descriptive statistics. The data extraction and
analysis involved significant interpretation of the content and its
meanings; hence, they were done iteratively and in collaboration with
different combinations of the authors of the review. The interpretations
are not therefore merely interpretations of one single author. Some
publications lacked enough information on certain variables. In the
following results section, the number of publications or case studies that
exhibit certain variable characteristics are reported together with the n-
values, which indicate the total number of publications that included the
required information.

3. Results
3.1. Publication details

Among the 46 reviewed publications were 33 journal articles (orig-
inal research papers), 11 conference papers and two book chapters
(Appendix C). The most common journals were Landscape and Urban
Planning (4), Sustainability (3) and ISPRS International Journal of Geo-
information (2). Journals that feature only once come from similar fields
including planning and landscape science, sustainability science and
digital technology and (geo)informatics. An increase is seen in the
number of publications since 2013 (Fig. 2A). The author affiliations link
most commonly to the following disciplines: environmental sciences and
computer and data sciences (Fig. 2B). Research funders were mostly
academic (12), national foundations or programmes (9) and public
sector (6), which was usually co-funding the research with other fun-
ders. A few publications reported funding from international pro-
grammes and the private sector. Eighteen publications had no mention
of the funding source.

3.2. Application contexts of the 3D visualisations

Most of the studies (37, n = 42) are from Europe, North America and
Australia (Fig. 3A). Most publications report a case study from one single
site (38, n = 45); only four publications report that the 3D visualisation
has been used in more than two sites (in 3, 4, 7 and 8 sites respectively;
(Fisher et al., 2019; Scholten et al., 2017; Wissen Hayek et al., 2019; Yu
et al., 2018). Urban planning (14, n = 46) and urban design (9) are the
most common planning sectors in which the 3D visualisations have been
used, followed by land use planning (6) and environmental management
(6) (Fig. 3B). The most common administrative or geographical scales of
the 3D visualisation are particularly large areas such as a forest or a
water catchment (11, n = 48), a neighbourhood (10) and an urban lot for
particular functions within a neighbourhood (9) (Fig. 3C). Over half of
the publications reported the 3D visualisations addressing both the
current situation and the future scenario (28, n = 46) (Fig. 3D). Future
scenarios were the sole focus in 12 publications and the current situation
in three publications. In two publications, the 3D visualisation was a
hypothetical situation that the participants created (Kent et al., 2019;
Tabrizian et al., 2017), and one publication illustrated a 3D historical
reconstruction of a city (Morrison & Rubin, 2015).

The highlighted novelty in most publications was either the partic-
ipatory planning implications of the 3D visualisations (15, n = 46) or the
user experience and usability evaluation (15) (Fig. 3E). Seven publica-
tions highlighted the new technical solution and its planning implica-
tions — four of them additionally focused on the educational benefits of
the 3D visualisation for active citizenship among youth (Magnussen &
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B Disciplines of affiliated authors (n=42)

literature (n=46)*

8 ¢ 8
6 6
4
I i I I :
2013 2014 2015 2016 2017 2018 2019 2020

* Note the database search was conducted June 2020.

No. %
Environmental sciences 10 23.8
Computer and data science 10 23.8
GIS and spatial sciences 8 19.0
Urban planning 8 19.0
Engineering (miscellaneous) 8 19.0
Landscape planning 7 16.7
Architecture 6 14.3
Health sciences and psychology 4 9.5
Geography 3 71
Innovation science 3 7.1
Social sciences 3 7.1
Forest sciences and agriculture 2 4.8
Urban systems and environment 2 4.8
Climate change 1 2.4
Geodesign 1 2.4

Fig. 2. Distribution of publication years of the papers (A) and disciplines of the affiliated authors (B).

Elming, 2017; Nishita & Terada, 2019; Rexhepi et al., 2018; Scholten
et al., 2017). Six publications highlighted primarily the technical solu-
tion with planning and user experience aspects in a minor role as the
novelty. Three publications exhibited novelty in both planning impli-
cations and usability evaluation (Fisher et al., 2019; Schroth et al., 2015;
Van Leeuwen et al., 2018).

Academic actors were involved in the 3D visualisation development
in all the publications, in which the visualisation developers were
explicitly mentioned (n = 41). Researchers were collaborating with
public, private and or third sector actors in different combinations in 11
publications. End users were reportedly involved in the development
only in five publications (n = 38). End users were defined in this review
as people who were envisioned by the authors as those who will use the
visualisation to involve others or who will use it to themselves partici-
pate independently or take part in collaborative activities. Citizens were
the most commonly mentioned end-user group (29, n = 41) followed by
planners (18) and public sector (11) (Fig. 4A). In nearly half of the
publications (20, n = 46), both citizens and expert stakeholders with a
particular professional role in relation to the planning area or topic were
envisioned together as end-users of the 3D visualisation.

The 3D visualisation had been piloted with users in relation to a
simulated real-life-like planning case in approximately half of the pub-
lications (25, n = 46) (Fig. 4B). The visualisation had been tested with
non-end users, such as university students, or without a simulated real-
life-like planning case in 17 publications. Only in four publications, the
visualisation had been used with end users in real-life planning related
processes and, thus, had potential impact on the planning decisions
(Dahlhaus et al., 2016; Dembski et al., 2020; Konisranukul & Tuay-
charoen, 2013; Van Leeuwen et al., 2018). The number of test users,
namely the people who had been involved in the case studies as users of
the technology, varied markedly among the case studies (Fig. 4C) but the
majority of cases reported more than 30 test users. The highest number
of test users in a case study was 1378 users in a real-life planning related
case (Van Leeuwen et al., 2018). The test users represented all or almost
all of the envisioned end-user groups of the visualisation in 32 publi-
cations (n = 40 [the number of publications in which both end and test
users were explicitly mentioned]). No end-user groups were among the
test users in eight publications.

In addition to disclosing the test user’s role, such as a citizen, expert

or student, their age (47.8 %, n = 46) or gender (45.7 %) was reported in
nearly half of the publications (Fig. 4D). Other background variables,
such as test users’ familiarity with the planning area or previous expe-
rience with 3D technology, were less commonly reported. In 19 publi-
cations the profession or citizen status were the only background
information provided. The citizen category was usually mentioned to
represent the general public or residents, however, two publications
targeted marginalized groups or contexts in particular; indigenous
community members in Fisher et al. (2019) and a deprived urban
neighbourhood in Magnussen & Elming (2017). It is worth noting that
the background variables were not necessarily used to analyse the user’s
performance or perception of the 3D visualization but to simply char-
acterize the test user sample.

3.3. Characteristics of the 3D technology and user interface

The terminology used for the 3D visualisations was unique and
diverse among the publications and included, for example, (virtual)
landscape (design) model, (an interactive web-based) 3D environment,
land use decision model, (interactive) 3D visualisation, (web application
with) 3D scene, 3D groundwater visualisation, urban digital twin, geo-
simulation, participatory modeling, 3D projection-augmented landscape
modeling, (participatory) 3D GIS, realistic 3D, BIM, 3D point cloud, 3D
representation, virtual world, landscape visualisation, 3D rendering, fly-
through, 3D (virtual) city model, 3D (computer/architectural/virtual)
model (in urban and community planning), geovisualisation, 3D city
web geoportal, virtual reality simulation, landscape visualisation,
immersive visualisation, 3D reconstruction, (immersive) virtual reality
(based platform), virtual experience, (3D/immersive) virtual environ-
ment, virtual globe, 3D decision support system, and AR Sandbox.

Numerous different platforms were utilised for the 3D visualisation
development and viewing. 3D modelling software was the most common
platform for this (27, n = 46), while a game or game engine was applied
in 15 and GIS-based solutions in 14 cases (Fig. 5A). Some publications
reported the use of software libraries (8), a raster graphics editor (6) and
computer-aided design (3). Twenty-four other systems and platforms
mentioned included, for example, self-built platforms and two platforms
that were unidentifiable based on the information available. Appendix D
presents a detailed list of the applied platforms. The data sources for 3D
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B Planning or management sector (n=46)

C Administrative or geographical scale (n=46)

No. % No. %
Urban planning 14 30.4 Particular larger area not an admin region 11 23.9
Urban design 9 19.6 Neighborhood 10 21.7
Land use planning 7 15.2 Urban lot for particular functions 19.6
Environmental management 6 13.0 Region S 10.9
Landscape planning 5 10.9 City or town 6 13.0
Landscape design 4 8.7 Street, river side, bridge 4 8.7
Urban studies 1 22 Landscape scene 2 43
Landscape visioning 1 22 Building and its shadow effect 1 2.2

D Visualized situation (n=46) E  Highlighted novelty of the publication (n=46)

No. % No. %
ClITEnt Sifuston andifuine 28 609 Participatory planning implications 15 326
seenarios . User experience and usability evaluation 15 326

Future scenario 12 26.1

Girreritsitiation 65 Tecnical solution and its planning implications 7 15.2
Hypothetical situation 4.3 Tecnical solution 6 130
Historical reconstruction 2.2 Planning implications and usability evaluation 3 6.5

Fig. 3. Distribution of case study countries (A), targeted planning and management sector (B), administrative or geographic scale (C) and the visualised situation (D)

in the 3D visualisations as well as the highlighted novelty of the publication (E).

visualisations were reported in 37 publications. They varied from 2D
mapping and related geospatial data (20) to existing city and 3D models,
including Google Earth (16) (Fig. 5B). Ten publications reported the use
of sensor and photogrammetric data and nine the use of descriptive data,
such as statistical data. Almost half of the publications (23) reported
multiple data sources.

The most utilised display type for the 3D visualisations was a 2D
screen (31, n = 43) (Fig. 5C). It was utilised as the sole medium in over
half (26) of the cases and together with other display types in five cases.
Head-mounted display was the second most common (11) and utilised
together with other displays in six cases. CAVE and AR sandbox were
each utilised in two cases (Afrooz et al., 2018; Dembski et al., 2020;
Fisher et al., 2019; Polys et al., 2018). The targeted level of realism in the
3D visualisations was realistic looking in 18 publications and photo-
realistic in five publications (n = 44). Six publications utilised a non-
realistic visualisation (see, e.g., Menconi & Grohmann, 2018). Fifteen
publications utilised both realistic and non-realistic visualisations. Real-
time 3D technology, that is, interactive rendering of 3D images, was

utilised in 32 publications (n = 44). Pre-rendered static images or videos
(3D renderings) were used in 12 publications.

The access for participants to engage with the 3D visualisation varied
greatly among the case studies. The most common way for a participant
to access the visualisation in individual exercises was online using their
own device such as computer, laptop or tablet (10, n = 35) followed by a
special hardware such as VR headset or a tactile 3D model (Fig. 5D)
provided by the researchers or planners. In collaborative group exer-
cises, most commonly a non-special hardware, such as a regular com-
puter or projector provided by the researchers or planners, was used (7).
In three cases a combination of special and non-special hardware was
used. A special hardware was used in two publications, in which both
individual and group exercises were carried out (Dembski et al., 2020;
Newell et al., 2017).

The most common functions for participants to use in the 3D visu-
alisation interface were choosing and adjusting the viewing perspective
and/or data layers shown to them; this was enabled in 28 cases (n = 43)
(Fig. 5E). Participants could choose to view certain predefined simulated
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A Mentioned end user groups (n=41)
No. %
Citizens 29 707
Planners 18 439
Public sector 11 268
School admin and students 8 19.5
Decision-makers 5 12.2
Private sector 3 7.3
Academics 2 4.9
Land, building and heritage managers 2 4.9
Other miscellaneous stakeholder groups 7 171

C Number of test users in the case studies
(n=39)
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B Types of cases reported in publications
(n=46)
8,7%
= Piloting
= Testing

Real planning
case

D Background information of the test users (n=46)

No. %
gerr;eszzlelnntfc;;ntitslon on profession, citizen 46 100.0
Age 22 478
Gender 21 45.7
\l/_v?tcr;]atlh\;s.arr]::)-local status (e.g. familiarity 10 217
Education 3 6.5
Ethnicity 3 6.5
Previous experience with technology 3 6.5

Fig. 4. Mentioned end-user groups (A), types of cases studies (B), number of test users of the 3D visualisations (C), and reported background information of the test

users (D).

parameters of the 3D visualisation such as different water levels simu-
lated by flood model, airflow simulation and carbon-dioxide absorption
rates of trees in nine publications. However, they were only able to view
the model from a predefined perspective without any other functional-
ities in eight publications. These cases were, for example, such that the
3D visualisation was embedded into an online questionnaire in which
still images or a walk-through of the 3D visualisation were displayed
(Celio et al., 2015). The participants created a digital or non-digital 3D
model themselves in 11 cases. In four of these cases they crafted a
tangible model which was subsequently digitized, whereas in six cases
they crafted it in digital form for example using Minecraft software.

3.4. Characteristics of the participatory and collaborative exercises

The most common mode of participant engagement (see Staffans,
Kahila-Tani, Geertman, et al., 2020) was participation (22, n = 45),
followed by collaboration (19). Additionally, the engagement in four
publications was for informing and increasing understanding among the
participants on climate change and flooding impacts in the case study
area. The most common type of knowledge need for planning purposes
was diverging knowledge (20, n = 37), followed by converging knowl-
edge (12) and the need for both diverging and converging knowledge
(5). When the mode of participant engagement and knowledge needs are
examined together as communicative actions, the results show that 14 of
the 3D visualisations (n = 32) engage the broad stakeholder base in the
process (participation) to address the need to open up the planning
process to multiple voices (diverging) (Fig. 6A). A much smaller number
of 3D visualisations (5) aim to converge the planning information with a
broad public. Collaboration was used in six cases to diverge the
knowledge base of planning and in seven cases to converge the

knowledge and reach shared conclusions. In addition, there were also
five cases in which both converging and diverging knowledge were
sought in participatory or collaborative exercises using the 3D
visualisation.

Better understanding of the planning area and/or design or scenarios
(22, n = 46) and collection of feedback from the participants on an
existing land use plan or scenario (21) were among the purposes for
using the 3D visualisation in almost half of the publications (Fig. 6B).
Using the 3D visualisation as a discussion aid tool and for enabling
participants to create their own plans or scenarios were also commonly
mentioned. The 3D visualisation was used in the visioning phase in three
of the four real-life planning related cases, with the purpose of facili-
tating scenario evaluation. Creating plans or scenarios was done with an
application on 2D screen, AR sandbox or a tactile model such as a Lego
model, which was then digitized and displayed in HMD (Kent et al.,
2019) (Fig. 6B). HMD was used most commonly for collecting feedback
on an existing plan or scenario and or for enhancing better under-
standing. The main mentioned purpose to use CAVE was as a discussion
aid tool (Dembski et al., 2020; Polys et al., 2018) and for panoramic
projection/screen most common purpose was collection of preferences
for plan development or plan feedback (Wang et al., 2016; Wissen Hayek
et al., 2019).

The most commonly mentioned forms of data that the case studies
collected for land-use planning purposes were a questionnaire or voting
contributions separately from the 3D visualisation interface (9, n = 33)
or as part of or linked to the visualisation interface itself (8) (Fig. 6C). A
model or scenario creation was the output in 11 publications and plan
decisions, design choices or scenario selections made by the participants
in six publications. Discussion notes or recordings were also captured in
six publications and they were the only form of data collection for
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A Platforms used for content processing, development and/or viewing
(n=46)

Ill
Ill-

Other Game or Geographic Software Raster Computer
modelllng systems and game information  libraries graphics aided design

software  platforms engine system editor (CAD)
(GIS)
B 3D visualization source data (n=37) C Display types (n=43)
No. % No. %
Map, orthophoto, aerial imagery, and/or elevation 20 54.1 2D screen 31 721
map HMD 11 25.6
City or (scenario) 3D model, and/or Google Earth 16 43.2 CAVE 2 4.7
Laser scanning, photogrammetry, and/or sonar 10 27.0 AR Sandbox 2 4.7
Descriptive and/or other data 9 243 Multi-touch table 1 23
Photographs 6 16.2 3D projection 160 degrees 1 2.3
Manual 3D visualization, and/or 3D library 5 13.5 Panoramic projection 1 23
Building footprints 4 10.8 Wide curved 2D screen 1 23
BIM 3 8.1
360 photographs 2 5.4 Fape i 2
3D prints 1 2.7
D Hardware requirement for participant engagement (n=35)
7
5
I 2 I 4 3 2 2
l = ] ] = =
Online  Special  Online Non- Special  Special  Online Special
hardware  and special hardware and non- hardware
special hardware special
hardware hardware
Individual exercise Group exercise Individual and group
exercises
E Functions for participants to use in the application interface (n=43)
No. %
View the model and change the viewing perspective or info shown oneself 28 65.1
Design a model in digital form, as sandbox or other form 11 25.6
View different parameters of the model or scenarios 10 23.3
View the model but can not change the perspective or shown info oneself (video or predefined 8 18.6
walk through)
Answer questionnaire or other feedback giving like voting 8 18.6
Add own data and objects 3 7.0
Add predefined objects 3 7.0
Explore the model by several different ways 2 4.7
Discussion forum 2 4.7
Be an avatar in the model 1 23
View other users’ opinions 1 23

Fig. 5. Different platforms used for content processing, development and viewing (A), source data for the 3D visualisations (B), display types (C), hardware re-
quirements for participant engagement (D), and functions for participants to use in the visualisation interface (E).
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A Dimensions of communicative actions (adapted
from Staffans et al. 2020) (n=32)
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B Purposes of using the 3D visualization in studied cases (n=46) and per display/tool type (n=43)

No. % 2D HMD (11) CAVE(2) AR Panoramic Tactile
screen Sandbox projection model (3)
(31)* (2) or screen
‘ ' (©)]
Beﬁer un@erstandlng of the_ planning area, 2 478 16 5 1 1 1 3
topic, design and or scenarios
Collecting plan, design, scenario evaluations 21 a457| 13 8 y 3
or feedback
Discussion aid tool 15 32.6| 12 4 2
Plan, design, scenario building or creation 11 239 7 2 2 3
Collecting preferences for plan development 8 174 5 2 2
Wide stakeholder involvement 3 6.5 1 1 1 1
Studying perceptions on audio-visual 3 65 3
landscape
* In brackets, in how many of the case studies a display/tool type was used in total
C Form of collected data for planning purposes (n=33) D Type of communication and its medium (n=44)
No. % 23

Model or scenario creation 1" 333 14
Separate questionnaire or voting 9 27.3 7 8 6
Digital questionnaire or voting linked to I . I 1

the application 8 24.2 - 1
Discussion notes or recording 6 182 One Many One One Two Many
Plan decisions, design choices or way to way way way to

scenario selection 6 18.2 many many
Interview answers 2 6.1 Non-digital medium | External digital Internal 3D

. platform visualization platform

Cognitive performance measures 1 3.0

Fig. 6. Dimensions of communicative action (A), purposes of using the visualisation per case studies and per used display or tool type (B), form of collected data for

planning purposes (C), and types of communication and its medium (D).

planning purposes in one publication (Lieske et al., 2015). Participant
interviews were used in two publications, in one of which it was the only
data collection method used (Mell et al., 2016).

Non-digital communication was the most common (37, n = 44)
communication that the visualisations facilitated between visualisation
developers or planners and participants and among the participants
(Fig. 6D). This communication was either one-way or many-to-many

communication. One-way communication in the 3D visualisation plat-
form or through an external digital platform separate from the 3D vis-
ualisation platform were also common communication types. All three
types of communication (i.e., one-way, two-way, many-to-many) were
enabled by the 3D visualisation platform itself in one publication
(Dambruch & Kramer, 2014). Note that participants placing objects on
the 3D-model in the visualisation was considered also as
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communication. In 25 cases, non-digital communication was the only
medium of communication, in six cases, the only medium was the in-
ternal 3D visualisation platform, and in five cases, it was the external
digital platform. The use of the visualisation was facilitated by the re-
searchers or planners in most of the cases (25, n = 39). The users
engaged with the visualisation on their own in the remaining cases.

3.5. Usability evaluations

A usability evaluation of the 3D visualisation had been conducted in
half of the publications (24, n = 46). Some types of participant-based
methods were used in all these cases. A questionnaire for the test
users was the most common (20) method to collect information for
participant-based evaluation (Fig. 7A). A questionnaire, interview or
discussion to collect user feedback was used as the sole usability eval-
uation method in 14 cases. In most case studies one (14) or two (7)
evaluation methods were used, but there were also four cases applying a
combination of several evaluation methods, such as a combination of
interviews, a questionnaire, discussion and task-based usability testing
(Dahlhaus et al., 2016; Garcia-Martin et al., 2017; Onyimbi et al., 2018;
Schroth et al., 2015; Tobias et al., 2016). Ten cases exhibit a compara-
tive study where user experience was studied in similar settings with 3D
and 2D visualisations or without a visualization (Atwa et al., 2019; Gill
et al., 2013; Hassan et al., 2014; Herbert & Chen, 2015; Onyimbi et al.,
2018; Patterson et al., 2017; Schroth et al., 2015; Tobias et al., 2016;
Van Leeuwen et al., 2018; Wissen Hayek et al., 2019). Despite the va-
riety of participant-based methods, expert-based methods were non-
existent. Also, data analytics (i.e., logging user’s activities by eye
tracking or internet analytics (Dahlhaus et al., 2016; Klein et al., 2016),
were seldom used. The usability evaluations, including how they were
conducted, what were the measured variables and what the findings
were, were generally reported fairly briefly or varied greatly in the
publications and, thus, cannot be examined either in detail or in a
comparative manner. Among the four real-life planning-related cases
found in the literature, only in two of them had a usability evaluation
been carried out through user feedback collection (Dahlhaus et al.,
2016; Dembski et al., 2020).

Thirty-two publications (n = 46) stated clearly or gave enough in-
formation to identify the sampling type used to select and recruit test
users. The most common sampling types were purposive sampling (15,
n = 32) and volunteered participation (11) (Fig. 7B). A random sampling
technique was used in two publications (Newell et al., 2017; Van
Leeuwen et al., 2018). As said in the chapter 3.2, the number of test users
varied greatly in the case studies. In nine cases, where a usability eval-
uation was carried out, the sample size was over 30 test users. The
sample size was very small (i.e., 2-4 users) in two cases, and it is evident
that the evaluation results cannot represent all the intended end-user
groups. Another shortcoming was the fact that the test users did not

A Usability evaluation methods (n=24)
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represent the actual intended end users in seven of the cases when an
evaluation was conducted, e.g., urban planning experts or students can
only limitedly test and evaluate a tool intended for citizens.

4. Discussion

4.1. 3D visualisations for communicative planning reported in academic
literature

In this systematic mapping of academic literature between 2013 and
mid-2020, we examined the scope of scholarly work from 46 scientific
publications published, which report case studies employing 3D visu-
alisations to support participation and collaboration in urban and
landscape planning. The literature exhibits heterogeneity in the con-
texts, communicative planning situations and purposes as well as tech-
nological solutions of the 3D visualisations across academic fields. Such
heterogeneity of use has been previously highlighted by, for example,
Biljecki et al. (2015) and Coltekin et al. (2019).

As our focus was on academic literature, it is not surprising that
nearly all of the reported cases are researcher-driven. Envisioned end
users, such as professionals, public authorities and citizens, were rarely
involved in the technology development process. The end users have,
however, been identified and mentioned in most cases, thus indicating a
practice-oriented aim of developing the 3D visualisations. Nevertheless,
these results indicate a research-practice gap in the field, which can
hinder the real-life adoption of the applications developed and the ac-
ademic study findings concluded. In fact, only four of the reviewed
studies had been applied in a real-life planning setting. This tells that we
yet have very little scientific evidence to evaluate how different 3D
visualisations fare in actual urban and landscape planning processes to
deliver the envisioned benefits to communicative planning with stake-
holders and citizens (cf. Coltekin et al., 2016; Lovett et al., 2015).
Furthermore, many of the real-life participatory planning or pilot cases
exhibited less sensitive planning contexts, such as improving an already
existing park or a nature area (e.g., Kwon et al., 2019; Van Leeuwen
et al., 2018). None of the cases applied 3D visualisation to facilitate
reconciliation of multiple conflicting interests. Hence, the questions
related to contested land uses and sensitivities that professionals face in
real-life planning seem not to be part of the case study designs.

Even though all reviewed studies were published for the purposes of
arguing for the usability of the 3D visualisations in communicative
planning, the publications differed in their emphasis on the novelty they
offer and, subsequently, the depth of reporting and rigour of usability
evaluation. The most commonly highlighted novelty was in the user
study or planning implications of the visualisations (e.g., Afrooz et al.,
2018; Pouke et al., 2019), while some publications highlighted the
technical solution’s novelty with little conceptual or empirical link to
planning practice (e.g., Dembski et al., 2020). Case study publications

B sampling type (n=32)

No. % No. %
Questionnaire 20 83.3 Purposive sampling 15 46.9
Interviews 6 25.0 Volunteered participation 11 34.3
Observations 3 12.5 Convenience sampling 5 15.6
Video or audio recordings 2 8.3 Random sampling 2 6.3
Eye tracking metrics 1 4.2 Quota sampling 1 3.1
Internet analytics 1 4.2
Feedback emails 1 4.2
Completion of usability testing tasks 1 4.2
Interviews of experts not users 1 4.2

Fig. 7. Usability evaluation methods (A) and sampling types for selecting the test users in the case studies (B).
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that comprehensively describe all three aspects, namely the technology,
its usability, and implications to planning, were non-existent in the
reviewed literature. If the technology or the purposes or tasks for which
the technology was used are not well described in a publication, it is
difficult to decipher what the usability evaluation actually tested.
Similarly, if the usability evaluation itself is insufficiently described the
rigour of evidence is obscured.

The technical characteristics of the reviewed 3D visualisations sup-
port the observations in other reviews (Billger et al., 2017; Julin et al.,
2018) that a wide range of technical solutions are available for de-
velopers. In fact, nearly all cases were unique from this viewpoint. It is
worth noting that, in over two-thirds of the cases, the 3D visualisation
was displayed in a 2D format that is straightforward to share on tradi-
tional screens but usually found to provide a less immersive experience
to the user (Coltekin et al., 2016). Immersive solutions, such as HVID or
CAVE, were reported in one-third of the cases. These results are in line
with the previous research estimating that cross-platform compatible
techniques (Evans et al., 2014; Mouton et al., 2011) and techniques that
are convenient for public use (Coltekin et al., 2016; Jaalama et al., 2021)
are more likely to be adopted in the participatory processes. While
immersive solutions for viewing are becoming less costly and more
accessible, what is considered practical for a particular participatory or
collaborative planning context will have a central role in the selection of
which display technologies are deployed in the future and how the
participants will perceive the visualisation experience. In addition, for
the adoption of 3D visualisation-based tools and scalability of the
technology, open source data and solutions are of importance. The
production of 3D models using openly available or low-cost data and
software and offering them as open source to stakeholders to utilize
enable their adoption when commercial 3D models are unattainable
(Girindran et al., 2020; Julin et al., 2018). We were unable in most
reviewed cases to identify if the used technical solution was open source.
Thus, it is advisable, that open sourcing with the respective technical
solution is described as part of the research reporting, and more
importantly, encouraged to be made use of.

The most common way to participate in individual exercises was
online through the participants’ own device, such as a computer, that
facilitates wider stakeholder involvement in communicative planning.
However, exercises with special hardware that enable a more immersive
experience and collaborative setting with smaller groups of stakeholders
are also pertinent but less common for example a VR environment that is
cross-compatible with CAVE, HMD and other display types (Dembski
et al., 2020) and virtual reality laboratory with 3D visualisation pro-
jected onto a large curved screen (Hassan et al., 2014). This exemplifies
the different focuses in the field for developing or applying tools for
different types of stakeholder engagement and phases and purposes in
planning processes. Moreover, the 3D visualisation application in most
of the case studies took advantage of the visualisation power, rich
content and functionalities that digital 3D environments enable; the
different levels of realism were visualised, and the users were able in
many cases to examine the planning area from various perspectives (in
real time 3D), explore different information parameters, and, in quite a
few cases, also create their own designs. Nonetheless, almost one fifth of
the cases allowed less human—computer interaction, because the 3D
visualisation was only presented from a predefined viewing perspective,
such as with still images or videos thus inhibiting further exploration of
the data and new knowledge construction as envisioned for the use of
geovisualisations (Batty, 2018; Ketzler et al., 2020; MacEachren et al.,
2004). Interestingly, most communication between planners and par-
ticipants and among participants happened non-digitally when the 3D
visualisations were used, indicating that 3D visualisations are often used
to inspire and facilitate face-to-face discussion despite being digital so-
lutions. Thus, the 3D visualisations are usually a medium to convey
information on the planning area but not a medium for digital
communication between people.

Following the fourfold categorization of communicative actions in

12

Landscape and Urban Planning 234 (2023) 104716

planning (Staffans, Kahila-Tani, Geertman, et al., 2020), participation of
users was more common among the cases compared to collaboration.
These results are in line with earlier studies that have revealed that in-
formation and communication technology enabled tools are mostly used
for broad public participation and for opening up the planning process
for diverse interests and opinions (Staffans, Kahila-Tani, & Kytta, 2020).
In the reviewed literature, the most common purposes for using the 3D
visualisation in planning were related to facilitating opinion formation,
commenting and discussion among participants. Some cases took even
further steps and utilised 3D visualisation to facilitate collaborative
design or plan creation. Four of these cases used gamified 3D visuali-
zation to engage youth — often silent-voices in planning — and enhance
their understanding on socio-spatial phenomena to be addressed via
urban or landscape planning. The possibility of providing a multi-
sensory experience of the planning area to participants was used in
three case studies that combined soundscape with the visualisation
(Echevarria Sanchez et al., 2017; Ruotolo et al., 2013; Yu et al., 2018), a
fairly new arena of research on environmental perception and an
important part of people’s mental image of a place (Dai & Zheng, 2021;
Lindquist & Lange, 2014). Based on these main purposes of using the
visualisation, it can be said that the visualisations were mainly devel-
oped to facilitate either the planning process phases of visioning or
exploring and commenting of the proposed plans. Examples of using 3D
visualisations in the very early phase of planning, as in goal setting, or in
the last phase of communicating the final proposal did not feature in the
reviewed literature.

Only a half of the publications offer any, and often limited, indication
of the usability of the 3D visualisations. Even though the test users of the
3D visualisation were representatives of the targeted end users in most
cases, robust usability evaluation with users was rare. For example, the
most common type of usability evaluation in the cases, namely user
feedback collection, a form of participant-based evaluation methods, is
limited in providing objective evidence. This is because it relies on users’
perceptions of the usability and is, hence, indicative and bears less
weight as evidence of usability compared to user testing and observation
or a combination of several usability evaluation methods (Hall et al.,
2017). Generally, the robustness of a usability evaluation is determined
by a combined use of several supplementary evaluation methods in a
study, carrying out the evaluation in (simulated) real-life setting, thor-
ough reporting of evaluation criteria and the representativeness of the
test users, e.g. in terms of their number and representativeness of the
actual end users of the application (Benyon, 2019; Nielsen, 1994). In our
review, the rare cases where technologies to track users’ visual
engagement (e.g., view orientation and time) with the 3D platforms
were used (Dahlhaus et al., 2016; Klein et al., 2016) offer promising
supplementary methods for usability and utility evaluations (Tomkins
et al., 2019). It is also noteworthy that expert-based methods were non-
existent, although they are affordable and lightweight methods that can
be applied in different phases of digital tool development and can sup-
plement the participant-based methods (Benyon, 2019).

In the reviewed case studies, the background information of the test
users was often limited to general description or the gender and age
distribution of the users. In order to evaluate the usability of 3D visu-
alisations among various user groups, e.g. the elderly, people with lower
level of education or those less familiar with the planning area,
disclosing information on the test users’ background is important and a
requirement in robust usability evaluations (Nielsen, 1994). While
among the aims of communicative planning are wider public partici-
pation and acceptability of decisions including engagement of margin-
alized social groups in planning processes, case studies that investigate
the inclusivity of the technology and the engagement process are
needed. However, based on the case studies in our review, little can be
said about how the visualisations fare in engaging diverse citizenry, in
particular marginalized groups, and supporting different planning tasks
and communicative purposes. Hence, this review highlights that the
studies in the field should better take into consideration the test users’
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representativeness, inclusivity of the planning process and the robust-
ness in usability evaluation to build a more convincing evidence base
regarding the usability of different 3D visualisations.

4.2. Identified research and development needs

While discussions on the applicability and potential of 3D visual-
isations in communicative planning practice are prolific among pro-
fessionals and academics, scientific knowledge is limited. Particularly
the impacts of 3D visualisations on participation and collaboration have
lacked rigorous scientific evaluation. Due to the differing paradigms and
academic routines, scientific reporting varied greatly within the
reviewed publications. A fairly large proportion of publications in our
review had limited amounts of details about the 3D visualisation tech-
nology and its application. Therefore, the results call for a common
framework for the 3D visualisation-oriented research agenda and
reporting in the multidisciplinary era of technology research. A sys-
tematic and transparent reporting of the empirical cases would better
serve research accountability, assessment of research findings and the
build-up of knowledge base for systematic reviews of evidence
(Collaboration for Environmental Evidence, 2013; Petticrew & Roberts,
2006).

We initially expected to have a larger number of publications to re-
view across all the different scientific fields we searched. Our search
databases were limited to Scopus and Web of Science (together with a
secondary search on Google Scholar), so it is possible that some publi-
cations were left out. However, our review focusing on scientific liter-
ature sheds light on the prerequisites, aims, outcomes and usability
evaluations prevalent in the scientific reporting of user studies and
contributes to the academic discussion on the use of 3D visualisations in

Planning context influences the other elements of the application !

1. 3D visualisation production 1 2. User interface
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communicative urban and landscape planning. That said, carrying out a
systematic mapping of literature in a field as diverse and dynamic as 3D
visualisation and communicative planning shows challenges for gener-
ating evidence-based knowledge such as varying study designs, report-
ing styles and terminology, and no generally agreed mechanisms to
assess research validity. Hall et al. (2017) highlighted similar challenges
in reviews in built environment planning, such as use of varied and non-
standardised sample sizes, experimental methods and the pressure for
novel approaches. In this review process, the collaboration and discus-
sions between the co-authors, who included architects and urban plan-
ners, geographers, and IT specialists, proved invaluable for filtering and
capturing relevant publications from the diverse field and to compre-
hend the contents and contributions of each publication. This highlights
that an inter- and transdisciplinary knowledge sharing helps to integrate
and make sense of the technical and participatory aspects of the 3D
visualisations intended for communicative planning.

Based on our systematic mapping of literature, we suggest a four-
category framework for developing and reporting the use of 3D visual-
isations in the context of communicative urban and landscape planning
in order for researchers, developers and planners to build a more
comprehensive evidence base (Fig. 8). The variables were inductively
derived while analysing the reviewed literature and ensure that the
technological solution and its application contexts are comprehensively
reported in a publication. The four categories entail 1) how and based on
what information the visualisations are produced and which pre-
conditions they set to visualisation content; 2) how the visualisation is
conveyed to the users thus conditioning the human—computer interac-
tion, immersiveness of the 3D experience and human-to-human
communication; and 3) for what kind of stakeholder engagement and
4) planning contexts and purposes the 3D visualisation is intended to be

3. Communicative engagement 4. Planning context

Platform for processing, e.g.

Computer aided design (CAD)

Geographic information system
(GIS)

3D game engine

3D GIS

Source data, e.g.

Building information model
(BIM)

Point cloud

Digital elevation model (DEM)
Photographs

Statistical data
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Non-realistic
Realistic
Photorealistic
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Open sourcing e.g.

Use of open source
data/software

Open source reproduction of
3D visualisation enabled

Novel technical solution

Platform for viewing, e.g.
3D game engine

Virtual globe

3D GIS

Augmented reality sandbox

Display type, e.g.
2D screen

HMD

CAVE

Utilization of real-time 3D
technology

Real-time 3D rendering
Pre-rendered images or videos

Functions for participants to
use, e.g.

Change viewing perspective
View e.g. scenario parameters
Only viewing from one
perspective

Give feedback (e.g. vote)
Design a planning scenario

Mode of participant
engagement
Participation
Collaboration

Medium of communication,
e.g.

Non-digital medium (e.g. face-
to-face discussion)

Digital external platform (e.g.
web-based questionnaire)
Internal 3D visualization
platform

Form of collected data, e.g.
Questionnaire

Voting

Model/scenario creation

Highlighted novelty of related scientific publication

Usability and user experience results

Administrative or geographic
scale, e.g.

Lot

Street

Neighbourhood

City

Visualised situation, e.g.
Current

Future

Hypothetical

End user groups (incl. their
background variables) e.g.
Citizens (gender, education etc.)
Planners

Public sector

Knowledge needs
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Purposes of using the 3D
visualization, e.g.
Feedback collection
Facilitate understanding
Discussion tool

Planning implications

Fig. 8. Framework for developing and reporting 3D visualisations for communicative urban and landscape planning.
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used. All of which are to some extent interdependent factors in the
visualisation development, application and usability evaluation. In our
review process, we deemed the variables in each category necessary to
allow evaluation of the quality of the empirical cases and their possible
usability evaluations. The framework also emphasises the interrelated-
ness of the variables that guides the development of 3D visualisation
applications to particular planning contexts. For example, a recent study
by Chassin et al. (2022) demonstrate that the characteristics of the users
as well as the display type and interactivity of the application impact the
users’ understanding of the visualisation and its usability. Similarly, a
review by Nasr-Azadani et al. (2022) concludes that the level of par-
ticipants’ decision-making competency (e.g. systems thinking, geo-
spatial understanding) may influence successful citizen engagement and
should thus be considered when designing or selecting visualisations for
participatory planning. The literature we reviewed reported these as-
pects varyingly, mainly depending on the highlighted novelty of the case
study. Together with robust usability evaluations, a more adequate
description of all aspects (topics) highlighted in this framework in future
case study reporting would offer more details of the visualisation and its
applicability and, hence, enlighten our understanding of which 3D vis-
ualisations suit what communicative planning contexts.

5. Conclusions

Our findings from the academic literature highlight the heteroge-
neity of planning contexts and purposes and technological solutions of
the 3D visualisations applied in communicative urban and landscape
planning. The visualisations were mainly developed to facilitate
communicative planning in the visioning, plan exploration and evalu-
ation phases of the process. Apart from being applied to facilitate
human-to-human communication especially with both diverging and
converging knowledge generation in planning processes, the 3D visu-
alisations were also used to inform and raise awareness among the
public and other stakeholders of the planning area and different phe-
nomena affecting living environments. The visualisations were mostly a
medium for conveying information and inspiring discussion rather than
a medium allowing digital 3D communication between people, since
most communication between planners and participants and among
participants happened non-digitally separate from the 3D space.

Currently the field of 3D visualisation faces wide interest in urban
and landscape planning practice by municipalities, private sector de-
velopers and civil society actors (see, e.g., Ketzler et al., 2020 for a grey
literature review on digital twin usage in cities). Our results highlight a
research-practise gap. This gap risks scholarly work to not create
applicable knowledge of the usability but also inhibits critical evalua-
tion of the benefits and limitations of 3D visualisations from commu-
nicative planning theory perspective in the complex reality of planning.
The scientific discussions of 3D visualisations, therefore, exhibit a
similar lack of relevance to planning practice that has been noted con-
cerning the broader development of planning support systems (see e.g.
Pelzer, 2017). Furthermore, the robustness of the usability evaluations
of 3D visualisations called for by Lovett et al. (2015) is still often low
among the reviewed research. Our review shows that there is not enough
scientific evidence to evaluate how different 3D visualisations fare in
delivering envisioned benefits to communicative planning purposes. As
an outcome of the systematic mapping we suggest a common framework
for developing and reporting 3D visualisations in order for academic
literature to better serve systematic analysis of evidence and enhance
the commensurability of the empirical case studies.
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