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Abstract
Models that capture relationships between a variety of social, economic, and environmental factors
are useful tools for community planning; however, they are often complex and difficult for diverse
audiences to understand. This creates challenges for participatory planning and community engage-
ment. Conducted in the community of Squamish (British Columbia, Canada), this study develops
and examines tools for communicating outcomes of a community scenario modelling exercise to
diverse stakeholders. These tools are (i) a “model explorer” and (ii) realistic, immersive visualizations.
The model explorer is an online, HTML5-based tool that can be used to learn about the model, view
community scenario maps, and explore potential outcomes of the scenarios. The visualizations are
virtual environments that are navigated from the first-person perspective, and they were developed
using a combination of ArcGIS, Trimble SketchUp, Adobe Photoshop, and the Unity3D game engine.
A local government and community stakeholder focus group and public open house event were held
to solicit feedback on the scenarios and tools. Findings of the research suggest that the two types of
tools can be used in a complementary fashion, and tool integration can better harness their respective
strengths in a manner that comprehensively communicates the implications of different development
pathways to diverse community members.

Key words: integrated planning, participatory planning, community engagement, integrated models,
visualizations, interactive tools

1. Introduction
Sustainable community development requires reconciliation of social, economic, and environmental
imperatives (Dale 2001; Newman and Jennings 2008; Rydin 2010); therefore, it is best performed
through integrated approaches that recognize how plans, polices, and strategies link to broader goals
for humans and the environment (Ling et al. 2009; Shaw et al. 2014; Dale et al. 2018). Significant
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advancements in computation and modelling have led to sophisticated tools that can be used to
understand the complex, interrelated considerations involved in land use and community develop-
ment (Almeida et al. 2009; Chase et al. 2010; Keirstead and Sivakumar 2012), and accordingly, these
tools can support integrated planning efforts (Newell et al. 2018, 2020). Models can be used to eluci-
date a variety of different outcomes associated with community plans and strategies, such as transpor-
tation effectiveness, land use efficiency, energy consumption, water consumption and conservation,
and (or) greenhouse gas emissions (e.g., Salvini and Miller 2005; Wagner and Wegener 2007; Eluru
et al. 2008; Frank et al. 2009; Sperling and Berke 2017). However, because of their complexity, it can
be difficult for diverse users and stakeholders to interpret and fully understand the implications of
model outputs (Newell and Picketts 2020a, 2020b), thereby presenting a need for complementary
tools that clearly communicate these outputs and allow for effective exploration and understanding
of model outcomes. This research explores such communication tools, namely an interactive “model
explorer” and realistic visualizations, to examine their potential as tools for supporting participatory
processes and community engagement in integrated planning.

Stakeholder participation is widely recognized as an integral component of effective planning proc-
esses (Raymond and Brown 2007; Robinson et al. 2011; Sheppard et al. 2011). Governance is most
effective when done in cooperation with those that experience its associated problems and opportuni-
ties (Jentoft and Chuenpagdee 2009), and stakeholder participation in community planning ensures a
plan is grounded in local realities and the appropriate social, cultural, political, economic, and envi-
ronmental contexts (Ling et al. 2009). Accordingly, tools for effectively engaging stakeholders and
community members are invaluable for effective planning. Although models have potential for sup-
porting integrated community planning, these tools often experience an “implementation gap”,
meaning that the insights and knowledge gained through the tools are not often effectively put into
practice (Silva et al. 2017). A major contributor to this gap is a lack of attention to the user experience,
or how users interact with the tools and gain insights from model outputs (Russo et al. 2015).
Therefore, if models are to be effective tools for communicating to the public, they need to be
approachable, usable, and developed in accordance with the needs of the intended users.

A number of different approaches and techniques exist for communicating outcomes of modelling
exercises to diverse community members. One approach involves creating a clear, intuitive, and en-
gaging interface that allows users to explore these outcomes, referred to in this research as a “model
explorer”. For example, Summers et al. (2015) developed the Landscape Futures Analysis Tool, which
communicated agricultural production, carbon sequestration, and biodiversity conservation implica-
tions of different land management decisions through a user interface for exploring management sce-
narios, maps, and data. Another effective communication technique involves the use of realistic
visualizations that convey different environmental management and (or) community development
scenarios to provide people with a strong impression of “potential futures” that could transpire if cer-
tain plans or strategies were implemented. Because of their realism, these tools can convey complex
information in a salient manner to diverse groups and provide a vivid understanding of how one
would react to the implementation of different planning decisions (Sheppard 2001; Newell and
Canessa 2015; Newell et al. 2017a, 2017b). Previous research has found that visualizations show
promise as effective tools for planning and stakeholder engagement, with studies that have demon-
strated their application in climate adaptation planning (Sheppard et al. 2011), natural resource man-
agement (Lewis and Sheppard 2006), stakeholder engagement in land-use planning (Schroth et al.
2011), community development and residential expansion (Salter et al. 2009), urban green space plan-
ning (Grêt-Regamey et al. 2013), and local and regional development (Tress and Tress 2003). One of
the reasons visualizations serve as effective tools for planning is because they connect with people’s
sense of place (Newell and Canessa 2015, 2017; Newell et al. 2017a), and this allows users to engage
with aspects of management and development plans that are difficult to convey though quantitative
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data or model outputs, such as impacts to viewsheds and changes to the character of a place (Newell
et al. 2017b, 2018). The application of realistic visualizations may be beneficial in identifying and har-
monizing the values of citizens and governments in urban planning initiatives, contributing to a
robust local sense of community and place.

Although interactive interfaces and visualizations have exhibited promise as effective tools for partici-
patory planning and community engagement, often they are developed only by researchers and (or)
practitioners, whereas a truly participatory planning process would involve broader community
involvement and values in the design of models and scenarios (Prell et al. 2007; Woodward et al.
2008; Amer et al. 2013). Such involvement would lead to models and communication tools that reflect
a range of different concerns, needs, and interests associated with different management options and
community development pathways. Clark et al. (2016) discussed how the production of usable knowl-
edge through technology-based tools has been constrained by one-directional, expert-driven process,
whereas collaborative, iterative approaches that result in co-production are more effective for
strengthening relationships between knowledge-making and decision-making. A critical (but chal-
lenging) aspect of effective participatory scenario planning is to develop and improve processes for
translating of stakeholder values, narratives, and visions into information that can be captured in
models and other planning tools (Scolobig and Lilliestam 2016). In addition, it is important to recog-
nize that a variety of different types of planning and engagement tools exist, each with their own lim-
itations, and they cannot simply be substituted for one another (Lewis and Sheppard 2006). When
developing and evaluating the utility and effectiveness of digital tools, McNamara and Kirakowski
(2006) recommended considering their functionality, meaning “what does the product do?” (p. 26);
in the case planning tools such as maps, visualizations, and data, these tools have different functions
that allow people engage in planning information and exercises in different ways (Newell et al.
2017b). It is, therefore, important to understand how these tools can be used in a complementary
fashion to optimize their potential for supporting planning processes. Ultimately, although advance-
ments have been made in research on participatory planning and community engagement tools,
knowledge gaps still exist, particularly in terms of how to develop appropriate tools based on broad
community interests and objectives and how to effectively use them in a complementary manner.

This study develops and examines two tools designed to support participation and engagement in
community planning, that is, an interactive model explorer and realistic visualizations. The study is
part of a larger project, “Spaces, Places and Possibilities”, which involves three phases: (i) designing
community scenarios and model based on local government and stakeholder input; (ii) using the
model to calculate/estimate possible social, economic, and environmental outcomes of the scenarios;
and (iii) creating tools for communicating the model and scenarios to diverse community members
and the broader public. This paper focuses on the third research phase, and it discusses the develop-
ment of the model explorer and visualizations, as well as their assessment through focus group and
open house activities. The other research phases are documented in publications (Newell and
Picketts 2020b; Newell et al. 2020), project reports (Newell and Picketts 2018, 2019a, 2019b, 2020a),
and on the project webpage: crcresearch.org/spaces-places-and-possibilities.

2. Methods

2.1. Study site
The District of Squamish is a town of 20 000 people in southwestern British Columbia, Canada,
located approximately 50 km north of the City of Vancouver on the traditional territory of the
Squamish Nation (Fig. 1). The region has a complex geography, being located at the terminus of
Howe Sound at the Pacific Ocean and in the Coast Mountain range. The geography constrains growth
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and increases natural hazards, while also providing a multitude of outdoor recreational opportunities
and aesthetic landscape views.

Squamish is currently experiencing rapid population growth, largely due to its proximity to
Vancouver. People who work in Vancouver’s metropolitan area can commute from Squamish, thus
providing an attractive “small town” (and less expensive) option for residency. Accommodating rapid
growth within the town’s geographical limitations is one of the major planning challenges the com-
munity of Squamish faces (District of Squamish 2017). Coupled with population sprawl and limited
service infrastructure, the region’s planning strategy focuses on increasing accessibility to services
and amenities. However, the logistical demand for increased-density development runs contrary to
the region’s cultural relationship with wilderness and private, single-family housing. Such challenges
highlight the value of Squamish as a case study for integrated planning research; however, these cir-
cumstances are not unique to the municipality and are broadly applicable to a variety of rapidly grow-
ing communities.

2.2. Scenario modelling
The scenario modelling exercise done for this research was conducted in previous phases of the
project; thus, it is not detailed in this paper. However, a summary of the modelling activities is
included below to provide context for the current study on developing and examining tools for com-
municating model outcomes. For more information on the previous research phases, refer to Newell
et al. (2020) and Newell and Picketts (2018, 2019a, 2019b, 2020a, 2020b).

The modelling process first involved developing a community systems model to capture relationships
between planning challenges, development strategies, and community outcomes, and scenarios were
defined to identify potential “futures” for Squamish (i.e., plausible ways the community could
develop). The model and scenarios were developed through two focus groups, consisting of (i) a pre-
liminary project scoping meeting with four members of the District of Squamish’s Community
Planning and Infrastructure Department and (ii) a broader community stakeholder meeting that
included 12 participants from nongovernmental organizations (NGOs), local government, business
interests, development, public transportation, and academia.

The systems model was applied in an integrated modelling exercise that calculated indicators for
potential social, economic, and environmental outcomes of different development directions. A series
of calculations were conducted primarily using ArcGIS (version 10.6) and R (version 3.6.0) software,

Fig. 1. Location and map of Squamish (Source: iMapBC, Province of British Columbia).
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and the relationships and elements in the systems model informed what and how community out-
comes should be measured/calculated. A review of academic and grey literature identified a series of
relevant measurement methods, and these were applied to estimate outputs and indicators for each
of the scenarios. Once the scenarios were modelled, another local government and community stake-
holder focus group was held to gain feedback on the results of the modelling exercise; 15 participants
attended this session, with about half of them being new to the project. The systems model and com-
munity scenarios (Table 1) were refined based on the feedback, and the modelling exercise was con-
ducted again using the refined model and scenarios.

Population growth is the main driver of effects in and dynamics of the model, and it was kept consis-
tent across all three scenarios (i.e., all scenarios assumed the same future population size). Land avail-
ability is the major constraint in the model; developing community land presents considerations
around how to balance competing land uses, such as residential, commercial, agricultural, and green
space (i.e., parks and natural spaces). Development strategies were explored in the model, and these
included densification, mixed-use development, corridor development, smaller houses, etc. The strat-
egies have implications for a variety of community outcomes, such as access to schools, food and farm
systems, local employment, access to green spaces, walkability, health, threats to habitat, etc. A list of
the different systems model elements is given in Table 2, and graphical depictions of the model and
relationships between the elements can be found in Newell and Picketts (2019b).

Scenario modelling firstly involved mapping the “current conditions” of Squamish in ArcGIS to create
a baseline scenario for the community. The mapping used data from Statistics Canada, the District of
Squamish’s Open Data Portal, and other sources (Newell and Picketts 2019a, 2019b), and it included
distributions of housing types and residents, commercial space and employee numbers, businesses,
local amenities, neighbourhood boundaries, schools and public school catchment areas, parks, natural
areas and sensitive habitat, lowland floodplain areas, wildfire risk zones, gardens, agricultural land,
transit routes, and bus stops. Squamish has plans for future developments, and these were also
mapped to make the community scenarios more relevant to Squamish’s “future conditions”
(District of Squamish 2015, n.d.). New development included residential buildings that have been

Table 1. Descriptions of local community development scenarios use for a modelling exercise.

Scenario Description

Low-density residential
neighbourhoods

New residential neighbourhoods are developed with single-family
detached houses and do not contain mixed-use or commercial
buildings. Current residential areas are not redeveloped through
infill and densification, and instead, undeveloped areas outside
Squamish’s growth management boundaries are used for residential
growth.

Medium-density neighbourhoods
and enhanced agriculture

Residential neighbourhoods are redeveloped to consist of a mix of
duplexes, multiplexes, small houses, townhouses, and semi-detached
houses. Densification primarily occurs in existing residential areas,
but some hillside areas are also developed to reserve valley floor
space for agriculture while also accommodating population growth.

High-density neighbourhood nodes Residential areas are redeveloped as walkable neighbourhood
communities with local businesses and amenities. New development
consists of mixed-use apartment buildings, townhouses, and
duplexes. Densification occurs near public transit routes to increase
transit access and viability.
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approved for development, commercial land (and associated local employment opportunities), new
transit routes to service growing areas, and new schools.

The community development scenarios were built upon the future conditions baseline, and each
scenario targeted a population of 34 000, as per a local growth projection given by the District
of Squamish (2017) that estimates this population level will be reached by 2036. The future con-
ditions scenario can accommodate approximately 29 900 people; thus, scenario modelling
involved distributing 4100 people around the community in different ways. Particular neighbour-
hoods of interests for future development planning were identified through discussions with local
government and community stakeholders, and these were the foci of the scenario mapping and
modelling.

2.3. Communication tools development and assessment
The research developed two tools for communicating the model outcomes and scenarios, namely an
interactive model explorer and scenario visualizations. The purpose of creating the tools was to pro-
vide a means for communicating complex data and the output produced through the scenario mod-
elling exercise to diverse community members. Accordingly, the effectiveness of the tools were
assessed through a community focus group and open house event, following the methodology of other
studies that research online interactive tools (e.g., Herring et al. 2016; Newell et al. 2016) and visual-
izations (e.g., Tress and Tress 2003; Schroth et al. 2009, 2011; Newell et al. 2017a, 2017b). The follow-
ing sections describe the development and features of the model explorer and visualization tools, the
assessment of the tools using focus group and open house methodology, and the analysis of the data
produced through the focus group and open house event.

2.3.1. Model explorer
The model explorer is an HTML5-based interactive interface for engaging with the model. The tool is
navigated using a mouse, and it can be used to learn about how the model was created, view
community scenario maps, and explore potential outcomes of developing the community of
Squamish in different ways. The model explorer is available online, and it can be accessed here:
changingtheconversation.ca/model-explorer.

When accessing the model explorer, users first encounter an introduction page that summarizes the
purpose of the research project and explorer tool. After clicking an “enter model explorer” button,
users are given options to navigate to the three different sections of the explorer: (i) About the

Table 2. Elements of a community systems model used to examine local development scenarios.

Element type Model elements

Model driver Population growth

Model constraint Land availability

Land uses Agricultural space, commercial space, green space, residential space

Local development
strategies

Corridor development, hill and slope development, local businesses, missing middle,
mixed housing types, mixed-use development, reduced traffic and commuting, smaller
houses, transit accessibility

Community
outcomes

Access to amenities, access to green space, access to schools, affordability, air quality,
biodiversity, carbon sequestration, density, floodplain management, food and farm,
greenhouse gas reductions, habitat, health, local employment, social diversity, viewshed,
walkability, wildfire management
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Model, (ii) Scenario Maps, and (iii) Model Outcomes. The About the Model section provides infor-
mation on how the community scenario modelling exercise was done, and it describes the different
steps of the modelling process. It also describes the mapping that was done for the current and future
baseline scenarios, and it gives detail on the features and development approaches of the different
community scenarios.

The Scenario Maps section of the model explorer provides detailed information on, and views of, the
development characteristics and features of the different community scenarios. Users can view maps
of areas that were developed/redeveloped for the different scenarios, identified and highlighted using
map overlays, and labels of their respective community development features (Fig. 2). When users
first enter the Scenario Maps section, the neighbourhoods that served as the foci of the modelling
exercise (i.e., places of interests for future development planning identified through the focus groups)
are highlighted on a full map of the District of Squamish, and users can click on them to zoom in and
explore different scenario maps. Most of the neighbourhood maps cover areas of approximately
1.25 km × 1.25 km, with the exception of an area of 5.5 km × 5.5 km located outside of Squamish’s
growth management boundaries that served as the site for a hypothetical new neighbourhood in the
low-density residential neighbourhood scenario. Users can also access a summary table in this section,
which gives local populations and total areas of residential development/redevelopment in the neigh-
bourhoods for each of the scenarios.

The Model Outcomes section of the model explorer presents the various social, economic, and envi-
ronmental indicators estimated for each of the community development scenarios, as well as informa-
tion on how these outputs were calculated. Users interact with the community systems model by
moving their cursor over the model elements to see systems relationships between these elements
(Fig. 3). Clicking on the elements will open pages that display information, graphs, and (or) tables
on a respective model driver, model constraint, land use, development strategy, or community out-
come. Where applicable, the pages contain links to related Squamish Community Performance
Indicators (District of Squamish 2019) to present the relevance of the model to Squamish’s commu-
nity sustainability goals.

Fig. 2. Image of the Scenario Maps section of the model explorer.
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Fig. 3. Images of the Model Outcomes section of the model explorer. (A) Image of user exploring system model with cursor placed on the “reduce commute”
model element. (B) Image of user accessing information and graphs on the reduced commutes model outcome.
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2.3.2. Visualizations
The type of visualizations created through this research take the form of realistic, immersive, virtual
environments that are experienced from the first-person perspective. Users can digitally “walk through”
the visualizations and view the scenarios to gain impressions and place-based understandings around
what the scenarios would look and “feel” like if implemented in the community (Newell and Canessa
2015). Sounds were added to the virtual environment, drawing upon previous research that has found
soundscapes can enhance a visualization’s ability to resemble a real-world place (Lindquist et al. 2016;
Newell et al. 2017a). Detailed information on the visualization development process can be found in
the Supplementary Materials, and the visualization application is available for download from the
project website: crcresearch.org/spaces-places-and-possibilities#visualization.

Visualizations were created for two of the focal neighbourhoods used in the modelling exercise: a low-
density suburban residential neighbourhood and a rural residential neighbourhood. After developing
baseline representations of the neighbourhoods (i.e., the current conditions), the terrain, objects, and
textures modelled for the baseline scenarios were copied and modified to resemble the different com-
munity development scenarios. As explained in Section 2.2., maps of the scenarios were created for
the modelling exercise (Newell and Picketts 2019a, 2019b), and these maps were used to create “refer-
ence maps” for the scenario visualizations (Fig. 4), which are maps that contain orthophoto and (or)
vector data of different structures and features of the neighbourhoods and are used to guide place-
ment of objects and textures (Newell et al. 2017a). It is worth noting that the neighbourhoods in the
low-density scenario did not differ from the baseline scenario in terms of density or dwelling type
(i.e., single-family detached houses); however, in the visualization, low-density did not represent a
“no change” scenario. Redevelopment is expected to occur in the community regardless of density
changes; thus, in the low-density scenario, some houses were replaced with a more modern design.

In the modelling exercise, scenario mapping involved placing dwellings and people within land par-
cels based on dwelling unit per area densities for different dwelling types (e.g., Parolek 2016). The
mix of housing types used for the medium-density scenario resulted in an average density of
42 units/ha in redeveloped parcels; however, the mapping done in the scenario modelling occurred
at the parcel level and it did not include the necessary/likely road and path infrastructure for accessing
these units. This infrastructure was added to the visualizations, ultimately reducing parcel space

Fig. 4. Development process for community scenarios in the neighbourhood visualizations. The images depict (from left to right) a reference map for building a
community scenario in the visualization tool, objects and textures added to the visualization using the reference map, and a first-person view of the scenario as
seen by a visualization user (Source: Basemap in left image was retrieved from ArcMap version 10.6, and credits include Esri, HERE, Garmin, DigitalGlobe,
GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN).
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available for residential units in the medium-density scenario, and 25 units or approximately
60 residents were removed from the suburban residential neighbourhood visualization. This issue
was particular to the medium-density scenario and visualizing the high-density scenario did not result
in loss of units. The high-density scenario was mapped with the assumption that apartments and
mixed-use building footprints will at most take 50% of parcels to leave room for parking and common
spaces, and this approach also provided parcel space for new access routes.

Scenario visualization also involved making changes to animated objects to capture potential
differences in local vehicle and pedestrian traffic. Such changes were done based on the assumption
that local traffic will increase due to population growth. It was difficult to make exact predictions on
what the local traffic would be for the scenarios because it is dependent on a number of
community-wide factors, such as popular travel routes and commercial destinations. Therefore, for
this research, only rough estimates around traffic changes were calculated, and these were (for the
most part) based on changes in neighbourhood populations. Some qualitative judgements on traffic
levels were also made on a case-by-case basis; for example, the low-density residential neighbour-
hoods visualization depicted a traffic increase on a road that would serve as the primary route for a
hypothetical new neighbourhood development.

Other elements added to scenario visualizations were those that captured key aspects of a given sce-
nario’s “story”; for example, the medium-density and enhanced agriculture scenario featured signs
and tractors in the rural residential neighbourhood visualization. The scenario involved reserving
more valley floor space in this neighbourhood for developing local food and farm systems, and these
objects signalled that a significant part of the area was being used for agricultural purposes. As
another example, groups of socializing people were added to parks and public spaces in commercial
centres to signify that these would be places of public use, community gathering, and social
interaction.

Visualization users toggle different scenarios using key commands (Fig. 5), and this function allows
them to clearly compare different local development patterns and options. Visualization users are
restricted to particular walking routes (which could be highlighted using a key command), and for
each neighbourhood visualization, users can walk through an area that approximately covers the size
of a neighbourhood block. The purpose of restricting user movement is two-fold: (i) it gives users a
(somewhat) guided experience that better highlights significant changes between scenarios, and
(ii) it allows for a more “economical” build of the visualizations, involving strategic exclusions of
unnecessary objects and textures.

In addition to the first-perspective perspective views, users can explore scenarios through a “map
view” (Fig. 6). The map view helps users orient themselves within the visualizations, and it displays
locations that can be teleported to using key commands (allowing for easier access to different areas
within the virtual environments). The “map view” also contains instructions for the different key
commands for using the visualization and exploring scenarios.

2.3.3. Community focus group
The focus group was comprised of local government and community stakeholders. Recruitment
involved contacting people that had previously participated in the project, as well as snowball sam-
pling (i.e., some previous participants suggested other potential participants). In total, 28 people were
invited to the focus group through an e-mail recruitment letter, 12 accepted, and 9 attended. Most of
the attendees had previously participated in the research, but 2 were new to the project. Albeit a small
group, it consisted of a mix of people from private, public, and NGO sectors, and it collectively repre-
sented a range of social, environmental, and economic interests associated with the development of
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Fig. 5. Community scenarios depicted in the suburban neighbourhood visualization. (A) Baseline scenario
(i.e., current conditions), (B) low-density residential neighbourhoods, (C) medium-density and enhanced agricul-
ture, and (D) high-density neighbourhood nodes.

Fig. 6. Map view and user instructions for the visualization tool.
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the community. In this way, the study’s method follows other research involving small focus groups of
people with specialized and relevant knowledge (Onwuegbuzie et al. 2009).

The focus group ran for 2 h. Before engaging in focus group activities, participants were provided with
letters of consent, as per research ethics standards. Prior to commencing the project, a research ethics
review was conducted and approved by the Research Ethics Board at Royal Roads University (under
the project name: “Developing and using realistic interactive visualizations as tools for collaborative
planning in communities”), and it was also approved by the Research Ethics Board at the collaborat-
ing institution, Quest University Canada (protocol number: 2018-0203). The letter of consent con-
tained information on the purpose of the project, research methods, participant time commitment,
rights and procedures for withdrawing from the study, dissemination of results, potential risks and
inconveniences associated with participating, anonymity and confidentiality, data collection and stor-
age, conflicts of interest (or lack thereof), and contact details for the researchers and the Research
Ethics Board. Participants reviewed the letter, were given opportunities to ask questions, and then
signed the letter to indicate their consent for participation in the research.

Following the signing and collection of letters of consent, the researchers gave a presentation on the
research project and ran demonstrations of the model explorer and visualization tools. Participants
were then invited to try out the tools independently, while the researchers made themselves available
for questions and comments. After experimenting with the tools, the participants regrouped for a dis-
cussion guided by the following questions (participants were also given feedback forms to provide
written comments on these questions):

• What do the model explorer and visualizations tell you about the ways Squamish can develop
and the potential implications of these development directions?

• How do the model explorer and visualizations provide different insights and perspectives on the
community scenarios? What information do you get from the model explorer but not the visu-
alizations, and vice versa?

• How effective are the model explorer and visualizations for helping you understand the implica-
tions of developing Squamish in different ways? What aspects of these tools are missing or could
be improved?

• Do you prefer either the model explorer or visualizations for gaining a better understanding of
the scenarios (please explain why or why not)?

2.3.4. Open house event
Refinements to model explorer and visualizations were made based on the feedback provided by focus
group participants, such as critiques of the tools and suggestions for improvement (see Section 3.2),
and a public open house event was then held on the Quest University campus in Squamish. The pur-
pose of the event was to broaden engagement beyond select focus group participants, and to give
Squamish community members the opportunity to use the model explorer and visualization tools.
The event was advertised through the local newspaper, community networks of the previous partici-
pants, and posters displayed throughout the town. Room set-up for the open house included posters
with information on the research project and a series of computers made available for the attendees
to try the model explorer and visualizations tools. Researchers were at the event to answer questions
from the attendees.

Attendees were offered questionnaires that solicited feedback on the scenarios and the effectiveness of
the model explorer and visualization tools. As per research ethics standards, participants were also
provided with a letter of informed consent. The letters contained the same types of information as
the letters of consent given to focus group participants, with the major exception being that open
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house participants were informed that submitting a completed questionnaire (rather than a signed
form) indicated consent for participation. This change was made to the participant consent proce-
dures due to the open house being less structured than the focus group, and an informed consent
approach allowed participants to simply drop off completed questionnaires at their convenience.

The questionnaires provided Likert scale questions ranging from 1 to 10, which asked participants to
assess both the scenarios and the communication tools. Participants were asked to rate the three com-
munity scenarios (1 = not a desirable future for Squamish; 10 = very desirable) and the usefulness of
the tools for understanding and assessing the scenarios (1 = not useful at all; 10 = very useful). In addi-
tion, comments on the scenarios and tools were solicited through open-ended questions, including:

• What do the model explorer and visualizations tell you about the ways Squamish can develop
and the possible outcomes of these development directions?

• Do the model explorer and visualizations provide different insights and perspectives on the
community scenarios, and if so, explain these differences?

• What aspects are missing or could be improved for the model explorer and the visualizations?

2.3.5. Data analysis
Feedback data from the focus group and open house event were examined to identify strengths and
weaknesses of the model explorer and visualizations in terms of their potential uses as tools for com-
munity planning and public engagement. Several themes emerged from this feedback, and these are
discussed below. Data consisted of transcripts of the focus group discussion, written comments pro-
vided through the focus group feedback forms, and comments provided through the open house event
questionnaires.

The analysis primarily focused on qualitative data, and it employed thematic coding methodology
(Seidel and Kelle 1995; Gibbs 2007), performed using the RQDA (version 0.3-1) package for R soft-
ware. Focus group and open house data were analyzed separately. In both cases, inductive coding
methods were used in a process that involved both applying and revising the coding framework as
data were reviewed and analyzed (Thomas 2006).

The main purpose of the focus group data analysis was to identify common themes around the evalu-
ation of the planning tools, including their strengths, critiques, and areas where they could be
improved/refined. Similarly, the open house data were analyzed to identify common themes around
strengths and weaknesses/limitations of the tools for planning and community engagement. In both
cases, open coding was used, which involved reviewing the data to identify reoccurring ideas and
common themes (Gibbs 2007). The process resulted in 14 codes applied to the focus group data
and 17 codes applied to the open house data (Table 3). After the open coding stage was completed,
an axial coding process was employed, which involved grouping coded data based on commonalities

Table 3. Coding used for analysis of focus group and open house event data.

Data set Codes

Focus group Affordability, climate action, ecological values, highlighting key information, information summaries, tool integration, traffic and
transportation, natural hazards, planning challenges, scale, types of information communicated, urban elements and design, user
experience, user instructions

Open house
event

Affordability, community livability, community values, expanding tool functionality, feasibility and plausibility, food and agriculture,
green space, habitat and ecosystems, information complexity, land availability, planning support, public opinion, trade-offs, tool
integration, traffic and transportation, types of information communicated, user experience
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in themes and ideas (Simmons 2017). Through axial coding, a series of coherent themes emerged
from the focus group and open house feedback, and these themes provide insights on the model
explorer and visualizations in terms of their effectiveness as tools for community planning and public
engagement.

3. Results

3.1. Focus group feedback
Eight themes emerged from the analysis of the focus group data. The themes provided insight on the
effectiveness of model explorer and visualizations as tools for community planning and public
engagement and potential ways of improving these tools. Descriptions of the themes are as follows.

Consider the tools as complementary but not substitutes for one another. Although some preferences
were expressed for a particular tool, the model explorer and visualizations were (for the most part)
described as communicating different information, rather than one being better than the other.
Participants noted the strength of the model explorer to be that it provides extensive information
on social, economic, and environmental implications of developing Squamish in certain ways,
whereas the visualizations were described as useful for illuminating personal preferences for certain
development approaches and urban forms. The model explorer was described as a tool for gaining
“objective” understanding of the scenarios, whereas information conveyed through visualizations
was described to be more “subjective”.

Integrate the model explorer and visualization. Focus group participants recommended strengthening the
connection between the model explorer and visualizations. As noted above, the model explorer and visu-
alizations communicate different information; thus, gaining a comprehensive understanding of the sce-
narios requires the use of both tools. However, participants noted that switching between the tools was
not very convenient, and doing so disrupted continuity of thought. Accordingly, recommendations were
made to integrate the tools, particularly in terms of adding features to the visualization that show how the
model outcomes relate to the scenarios (e.g., pop-up windows with data and model outcomes).

Display scenarios at different scales. Participant feedback illuminated problems associated with recon-
ciling different scales when using the model explorer and visualization tools to explore community
development scenarios. This issue emerged when participants examined environmental outcomes
related to the low-density residential neighbourhood scenario. The low-density scenario involves the
development of residential neighbourhoods outside growth management boundaries, and as these
areas currently consist of primarily natural spaces, the scenario resulted in relatively high values for
indicators related to residential development encroaching on habitat. However, because the visualiza-
tions and scenario maps in the model explorer primarily focused on neighbourhoods and not the
larger community scale, some participants were confused as to why low-density residential form
(i.e., fewer people within redeveloped neighbourhoods) would result in greater overall encroachment
on habitat. The issue demonstrated a need for highlighting community-wide changes associated with
the scenarios in both the model explorer and visualization tools, in addition to the local changes.

Rethink the design of buildings and infrastructure. Developing visualizations with high degrees of real-
ism requires making a number of decisions around the style and form of different models and ele-
ments within a virtual environment, such as the colour and shapes of houses, density and types of
vegetation, presence and design of paths, etc. In this project, the researchers erred on the side of being
conservative and not taking too many “creative liberties” when adding models/elements; however, in
some cases, this approach impacted the realism and likelihood of aspects of the depictions.
Participants noted that with high-density development, improvements would be made to infrastruc-
ture such as bike paths, streetlights, power lines, etc., and such improvements were not adequately
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captured in the visualizations. In addition, participants commented on the design of the residential
dwellings, noting that new buildings would be designed differently and in accordance with floodplain
considerations (e.g., elevated ground floors).

Highlight differences between scenarios. Focus group participants commented on how the model is
quite information dense, and it would be useful to highlight significant differences between scenarios.
It was suggested that the model explorer could present curated information that clearly conveys the
benefits and trade-offs of the different scenarios. However, potential problems associated with taking
such an approach were also discussed. Highlighting certain model outcomes and not others could
unduly emphasize and ascribe value to particular social, economic, or environmental considerations.
The tools aim to provide comprehensive understanding of the implications of different development
directions, and their purpose is not to identify a “correct” development pathway. Regardless, the dis-
cussion indicated a need for a method of communicating a summary of scenario outcomes.

Communicate local planning concerns and challenges. The model explorer and visualizations did not
capture all planning considerations and concerns associated with the different neighbourhoods, and
participant feedback indicated that this could be problematic when using the tools to communicate
planning options. For example, the rural residential neighbourhood has been the focus of conserva-
tion and restoration efforts, and it was expressed that the density scenarios and increases in local pop-
ulation could impact the area through higher levels of local traffic, recreation, and other human
activity. These comments bring to light the need for community engagement tools that incorporate
a range of place-based information and contexts to provide broader understanding of the implications
of actualizing a scenario in a particular locality.

Expand the model. Communities are complex; thus, it is not feasible to include everything within a
community systems model. Participants in this focus group commented on considerations and ele-
ments that were missing from the model and could be valuable to include. Examples of these included
increases in impermeable surfaces from residential and commercial development, greenhouse gas
emission reductions from new developments that adhere to higher building standards, available rental
housing, and costs of developing new public infrastructure.

Improve user interface and experience. Several comments were made about the user interface and
experience, and suggestions were made for improving user-friendliness. Such suggestions included
changing (or adding) key commands used to make selections in the title screen, incorporating zoom
in and out features in the visualization tool’s map view, and including a key map in the corner of
the visualization first-person view screen. Recommendations for the model explorer included chang-
ing terminology of model “outcomes” to a less vague term, such as “effects” or “results”.

3.2. Refinement of communication tools
As described in Section 2.2, this research project has involved iterative processes, where planning tools
have been developed and refined through multiple discussions with local government and community
stakeholders. In accordance with this approach, refinements were made to the model explorer and
visualizations based on the focus group feedback (although time did not permit incorporating all
the feedback), and the refined versions of the tools were presented at the open house event. Tool
refinements are described below.

Summary tables. Tables summarizing model outcomes were added to both tools. In the model
explorer, the summary table provides a comprehensive view of the scenario outcomes. In the visuali-
zation tool, the table serves as a way of better integrating the outcomes and perspectives produced
through scenario modelling work with visualization platform.
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Community-wide maps. Maps that display extents of development/redevelopment in all areas of
Squamish for the different scenarios were added to both tools. The maps provide a more complete
understanding of the development implications associated with each of the scenarios, as opposed to
the limited perspectives given through neighbourhood maps in the model explorer and the neigh-
bourhood environments in the scenario visualizations.

Stakeholder comments. Feedback and comments on the scenarios and visualizations given in the focus
group were presented through the visualization tool. Time limitations prevented making significant
changes to the visualization models and virtual environments; however, to improve transparency in
terms of communicating the limitations and shortcomings of the visualizations (Lewis et al. 2012),
pop-up windows featuring comments/points that emerged through the focus group were added to
the visualization tool. Such comments included in this feature consist of key critiques that emerged
through the focus group data analysis, but they could not be addressed in a timely manner through
visualization revisions. The comments represent feedback given by people with expert knowledge in
local planning and community development issues (i.e., the focus group participants); thus, they serve
broaden user understanding around the implications of scenarios and highlight areas of uncertainty
or potential misrepresentations. Examples of community feedback presented through this visualiza-
tion feature include points such as: “the infrastructure in the medium- and high-density scenarios
would likely experience more improvement than what is visualized here, including more bike lanes,
better street lights, potentially burying transmission lines, etc.” The feedback feature and lists of the
comments can be seen by downloading and accessing the visualization application (see Section 2.3.2 ).

User experience. The user interface and controls were improved, particularly in terms of title screen
navigation. Key commands were added to make it easier to select visualization options in the title
screen. Other added features include a “please wait while visualization loads : : : ” comment that
appears as users wait for the Garibaldi Estates or Loggers East virtual environments to load.

3.3. Open house event
Approximately 25 people attended the open house event, and a total of 14 questionnaires were returned.
The results cannot be considered representative of the entire community of Squamish; however, this sam-
ple size is comparable to other research on participatory planning tools (e.g., Lewis and Sheppard 2006;
Salter et al. 2009; Newell et al. 2017a, 2017b), and qualitative feedback data produced through these stud-
ies have provided useful insights on the effectiveness of such tools. This paper focus on the qualitative
data analysis; whereas, quantitative (i.e., Likert scale) data is only reported on briefly to provide an
impression of the participants in terms of their preferences toward scenarios and evaluation of the tools.

3.3.1. Scenario and tool ratings
Median ratings on a scale from 1 (not a desirable future for Squamish) to 10 (very desirable were cal-
culated for all scenarios, and although sample sizes were too small to perform reliable statistical analy-
ses, descriptive statistics are provided. Low-density residential neighbourhoods had a median rating of
4 (n = 13, IQR = 4), medium-density and enhanced agriculture had a rating of 8 (n = 13, IQR = 2), and
high-density neighbourhood nodes had a rating of 7 (n = 13, IQR = 5). Preferences for each scenario
ranged among the participants, and values for minimum, maximum, and percentage of respondents
in the “desirable” range of the scale (i.e., >5) were as follows: low-density residential neighbourhoods
(minimum (min) = 1, maximum (max) = 9, desirable = 46%), medium-density and enhanced agricul-
ture (min = 3, max = 10, desirable = 77%), and high-density neighbourhood nodes (min = 1, max = 10,
desirable = 54%).

Usefulness ratings tended toward the high end of the scale (i.e., “very useful”) for both tools.
The model explorer had a median rating of 8 (n = 10, IQR = 1), and the visualizations had a rating
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of 8.5 (n = 12, M = 8.5, IQR = 2). Descriptive statistics indicate that opinions for the most part were
favourable in terms of usefulness of the tools, with values of minimum, maximum, and percentage
of respondents in the “useful” range of the scale (i.e., >5) being: model explorer (min = 6, max = 10,
useful = 100%), and visualizations (min = 5, max = 10, useful = 92%).

3.3.2. Open house event feedback
Seven themes emerged through the qualitative analysis of the open house data. Some similarities were
found between these themes and those that emerged from the focus group; however, overall, open
house comments more related to how the tools can be used, rather than (as in the case of the focus
group) how they can be improved. Descriptions of the themes follow.

Using the model explorer and visualizations as complementary tools. Similar to the focus group feed-
back, comments from the open house participants indicated that the model explorer and visualization
tools are complementary tools, rather than substitutes for one another. In some cases, participants
stated a preference for one tool over the other, but for the most part, the tools were described as com-
municating different information. The model explorer was noted to be useful for gaining specific
information on changes that could occur in the neighbourhoods and community, whereas the visual-
izations were described as providing a “sense” or “feeling” of what it would be like to be within a par-
ticular community scenario. One participant mentioned that interacting with the model explorer
prior to the visualizations was useful for developing a better understanding of the broader implica-
tions of the scenarios seen in the virtual environment. As with the focus group, some comments rec-
ommended a better integration of the model explorer and visualization; however, other participants
noted that inclusion of the model outcomes table in the visualization tool (at least to some degree)
provided this integration.

Demonstrating the liveability of different community futures. The visualizations appeared particularly
useful for communicating how certain development patterns could affect liveability and quality of life.
Opinions were divided on what constitutes a “liveable” neighbourhood; for example, some considered
the high-density scenario to be overly crowded, whereas others found it to be relatively liveable and
not as heavily urbanized as densification might suggest. Regardless of specific reactions toward the
scenarios, the visualizations demonstrated that they can be used to help users understand how pleas-
ant or unpleasant it would be to live within a certain scenario. Participants noted that the visualiza-
tions were particularly useful for understanding how development could impact views of the local
landscape, suggesting that the tool can provide an impression of how certain developments can affect
sense of place.

Using tools to incorporate community values into planning. Participants commented on how their
preferences for scenarios were based on personal values for community living and development
(e.g., walkability, climate action, local food production, affordable housing, etc.), and the model
explorer and visualization tools were described as useful for highlighting how certain scenarios align
or conflict with said values. Accordingly, it was suggested that the tools could be used to inform plan-
ning that incorporates community values. Participants recognized that everyone in Squamish would
not necessarily have the same values, but the tools could be used to facilitate discussion around shared
values and ways of developing the community in a manner consistent with the Official
Community Plan.

Illuminating the trade-offs around different ways Squamish could develop. The tools were noted to be
useful for highlighting trade-offs associated with development decisions. For example, one participant
recognized the benefits of densification that were identified through the model explorer (e.g., local
jobs, reduced greenhouse gas emissions, etc.), but also found the high-density scenario depicted in
the visualization to be too crowded and would compromise quality of life. Other participants
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mentioned that medium-density could be an “acceptable” level of community change, indicating that
the tools can be used in concert to illuminate trade-offs to consider how to effectively weigh and bal-
ance advantages and disadvantages of different development patterns.

Understanding limitations associated with space and land use. Several open house participants pro-
vided comments related to space limitations within the community of Squamish. Participants men-
tioned that the model explorer and visualization tools effectively conveyed the key planning
challenge of accommodating growth within a geographically restricted environment (i.e., limited val-
ley floor space within mountainous terrain). Some participants recognized that although low-density
is the preferred residential form for many community members, continuing to develop this way may
not be realistic in light of the projected population growth. Participant feedback also indicated that the
model explorer and visualization tools demonstrated how growth can be accommodated through dif-
ferent development patterns, and (through densification) room for growth exists in spatially limited
areas. Ultimately, these comments indicate that the tools were useful for understanding local spatial
limitations, as well as approaches for and potential challenges around addressing these limitations
in community with a growing population.

Expanding the model and visualization. Open house participants identified important considerations
that were not included in the model, such as availability of rental housing and traffic concerns related
to Squamish’s positioning along a major transportation corridor in the province. Participants also
made recommendations related to expanding the visualization capabilities, such as allowing users free
movement through the scenarios (as opposed to being restricted to paths), ability to see more side
streets and alleyways, and another virtual environment for the scenarios in downtown Squamish. In
addition, other scenarios for the visualizations were suggested. For example, a participant expressed
a desire to see a scenario that increases density beyond the modelled high-density scenario, after
experiencing the high-density scenario and considering it not too dramatic or impactful.

Improving the user experience. As with the focus group, the open house participants gave recommen-
dations for improving the user experience for the tools. Recommendations included the ability to
adjust variables within the model, increasing walking speed in the visualization environment, and
including a small map within the visualization first-person view window for orientation purposes.

4. Discussion
This research confirmed that different tools for community planning and public engagement should
not necessarily be regarded as substitutes for one another, as such tools can benefit from complemen-
tary strengths. Although some research participants indicated a stronger preference for a particular
tool, overall, it was recognized the tools serve different purposes. The visualizations were described
by participants as particularly useful for providing a “sense” or “feeling” of what certain scenarios
would be like if implemented in the real world. This is consistent with other research; for example,
a participant in Lewis and Sheppard’s (2006) study on visualizations for natural resource planning
scenarios noted that this type of tool can provide “a way better understanding [that is] almost a feel-
ing” (p. 308). Such references to “sensing” and “feeling” align with theories posited by Newell and
Canessa (2015), who argued that visualizations are effective tools for participatory planning and com-
munity engagement because of their ability to connect with people’s sense of place. Realistic visualiza-
tions transform abstract data into meaningful information concerning familiar real-world places
(Jude et al. 2007; Sheppard et al. 2011; Lewis et al. 2012), and the ways people interact with and react
to management and (or) development scenarios depicted through visualizations are reflective of the
meanings, values, beliefs, and (or) feelings people associate with these places (Newell and Canessa
2017; Newell et al. 2017b). Albeit useful place-based tools, visualizations in this study were not effec-
tive for presenting specific details and data on community development scenarios; however, the

Newell et al.

FACETS | 2021 | 6: 287–316 | DOI: 10.1139/facets-2020-0045 304
facetsjournal.com

FA
C

E
T

S 
D

ow
nl

oa
de

d 
fr

om
 w

w
w

.f
ac

et
sj

ou
rn

al
.c

om
 b

y 
3.

14
1.

26
.2

30
 o

n 
05

/1
3/

24

http://dx.doi.org/10.1139/facets-2020-0045
http://www.facetsjournal.com


model explorer was useful in this regard. Research participants provided an interesting description of
the differences in how the tools communicate information to users, noting that the model explorer
gave “objective” understandings of the scenarios whereas the visualizations were more “subjective”
in terms of the information they conveyed and impressions they provided. These comments speak
to the relative strengths and weaknesses of each tool, and the research findings suggest that using
the tools in concert can be beneficial for providing multiple ways of understanding a community
development proposal or plan.

Participants found that using the model explorer and visualizations together was useful for gaining a
more comprehensive understanding of the scenarios, with some noting that beginning with the
explorer provided a strong understanding of the broader scenario implications depicted in the visual-
izations. Although the tools can be used in concert, participants also indicated a stronger integration
of the tools would make them more effective. Previous research has explored integrating different
types of information with scenario visualization tools; for example, Grêt-Regamey et al.’s (2013) visu-
alization of the proposed Linear Park in Masdar City (Abu Dhabi, UAE) featured different vegetation
scenarios, and these scenarios were presented with water consumption, shade cover, and habitat suit-
ability indicators. As another example, Salter et al.’s (2009) visualization of housing density scenarios
in the community of Bowen Island (British Columbia, Canada) included metrics on population,
water, and energy consumption, and waste production. In these examples, there were relatively few
indicators presented with the visualizations; whereas, the challenge for this research was to communi-
cate the outcomes of a much more complex model. To meet this challenge, tool integration was
attempted following the first focus group by incorporating a table of model outcomes and
community-wide scenario maps. Participants in the open house event expressed that these were
favourable features, which indicates that the refinements did somewhat contribute to better tool inte-
gration; however, some participants still expressed a desire for even stronger integration. Future
research on the development of planning tools should continue to pursue this challenge and explore
ways of harnessing increasingly sophisticated modelling, interactive media, and visualization technol-
ogies to create fully integrated tools that provide a single platform for examining potential planning
options and community development directions.

Because different planning tools have complementary strengths, tool integration can be useful for
overcoming weaknesses and limitations. The visualizations developed for this research are experi-
enced from the first-person perspective, and Orland et al. (2001) describes these as “egocentric” tools
that are well-suited for ground-level assessments related to decisions that affect smaller areas. This
suggests that these types of visualization tools have scale limitations, meaning they may not serve as
effective planning tools for larger areas (Newell et al. 2017b). Such scale issues were observed in this
research. In the focus group, the community-wide impacts of the different scenarios were not
immediately clear to some participants when using the tools to examine scenarios on neighbourhood
levels, which created confusion as to why (for example) certain environmental indicators exhibited
greater impacts with low-density development. Community-wide maps were incorporated into the
visualization tool following the focus group, and in the subsequent open house event, such confusions
related to scale were not expressed. This is not to say that the visualization tool refinements had effec-
tively “resolved” all issues associated with scale, but regardless, this research has illustrated a need for
recognizing limitations of planning tools and potential ways of overcoming these limitations through
the integration of different tool features.

Research participants commented on how the model explorer and visualization tools were useful for
communicating trade-offs between the different scenarios. Trade-offs are important to identify and
understand when considering how certain community development plans and strategies may align
or conflict with different social, economic, and environmental objectives (Raymond et al. 2017).
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Systems models are particularly useful for identifying trade-offs (Newell et al. 2018), and the model
explorer was found to be useful in this regard. Furthermore, the complementary use of the model
explorer and visualizations provided a much broader understanding of trade-offs than could be
gained solely by examining the systems model through the explorer tool. Participants recognized
the benefits of density that were communicated through the model explorer (e.g., local jobs, reduced
greenhouse gas emissions, etc.), but some also found the high-density scenario to be too crowded
and representing lower liveability and quality of life. This is an important finding because concepts
like liveability and quality of life are significant to social sustainability, but are also elusive and difficult
to define in a given local context (Dempsey et al. 2011; de Haan et al. 2014). This research has dem-
onstrated that visualizations can prove a means for assessing how certain development options can
affect these important yet vague aspects of community, and by using the model explorer and visual-
izations in concert, community members can gain understanding of these options in terms of both
qualities that can be clearly defined through metrics and those that are based more on visceral
reactions.

The model explorer and visualization tools can provide a cross-communication platform for citizens
and their regional authorities. Municipal governments must address issues around access to essential
services, environmental considerations, and infrastructural capacity in community planning; how-
ever, citizens may not be familiar with these governmental priorities that direct local and regional
development. The tools presented in this study indicate great potential for identifying and harmoniz-
ing the values of public officials and their constituents in the development process. For example, some
open house participants favoured the medium-density scenario, with comments expressing that it was
an “acceptable” level. Such comments highlight a potential path for negotiating the demands of
regional growth with local aesthetic and cultural preferences. In the case of Squamish, medium-
density preferences align with some existing zoning measures and new neighbourhood developments
within the community, and these tools can provide a means for co-discovering this alignment
between local planning priorities and community values. Moreover, iterative processes, such as those
employed in this study, can allow these overlaps to be recognized proactively, rather than risk conten-
tious situations and ineffective attempts to retroactively gain buy-in following implementation of
development plans.

The results of this study concur with a growing body of literature that speaks to the endorsement of
democratized municipal planning. As a product of the iterative approach undertaken to produce the
visualizations, stakeholder feedback became imperative to the imagining of potential futures for the
community. In this way, the study embraced the spirit of community-based research (Hacker et al.
2012) and participatory planning (Jentoft and Chuenpagdee 2009; Ling et al. 2009), as it incorporated
community values and pursued goals of community members. The purpose of this work was to create
tools that allow community members to understand how certain development directions can align or
conflict with their social, economic, and environmental objectives, as opposed to arguing for a par-
ticular scenario or development option.

By fostering spaces for ideological dialogue, stakeholders may work to address disconnects between
citizens and representatives. The exploration and feedback cycles used in this study promote collabo-
rative planning strategies, which may contribute to citizens’ sense of belonging within rapidly
changing communities. Moreover, exploration into “democratized” planning reveals an increased
sense of passion, community investment, and civic responsibility within community members
(Munthe-Kaas and Hoffmann 2016; Guimarães 2019). In practicing democratized planning, govern-
ments may work toward addressing local concerns around citizen power (or lack thereof). Such prac-
tices serve as an admission of privileged authority and power in constructing society, while
empowering local actors and invigorating communities with a sense of mutualism between citizen
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and government (Munthe-Kaas and Hoffmann 2016). The approach taken in this study involved
space for dialogue and co-production of knowledge, and such research approaches can lead to new
platforms for mobilizing the values of a democratized planning process.

Effectively communicating complex information is a challenging task, and focus group participants
indicated that tools for communicating model outcomes should clearly illustrate the major differences
between the scenarios to convey social, economic, and environmental benefits and trade-offs.
Participants elaborated on this point, explaining that such highlighting should not simply consist of
presenting a comprehensive list of model outcomes; rather, it should involve curating and highlight-
ing key indicators. However, specifically highlighting certain indicators in these tools can lead users
of the tools to believe that there is a “correct scenario”. Ultimately, the tools were equipped with sum-
mary tables of the model outcomes and links to Squamish Community Performance Indicators
(District of Squamish 2019), but these functions do not fully respond to the focus group recommen-
dation of a curated list of model outcomes and key scenario differences. Findings from the open house
event were encouraging in terms of the potential the tools have for supporting participatory planning,
as participants explicitly expressed that the tools can help the community members form opinions on
the local development scenarios based on their (and their community’s) values. However, the tension
between the need for clearly communicating complexity (i.e., highlighting particular scenario
differences) and the importance of respecting local values and agency (i.e., avoiding leading stake-
holder opinions) is still a challenge that deserves further research attention.

In addition to being useful for communication and stakeholder engagement, the visualizations also
produced important insights simply through the process of developing the tool. Models used to sup-
port urban planning and land-use decisions often employ spatial methods that operate at resolutions
coarser than the household level, such as district, regions, or blocks (e.g., Liu and Phinn 2003; Yang
and Lo 2003; Mikovits et al. 2018; Marull et al. 2019). Albeit practical, modelling at this resolution
can obscure important considerations for scenarios when these development options are actually
implemented in a community. For example, this research modelled development and density in terms
of how many units could fit within different land parcels, and although this approach was useful for
the modelling exercise, dwelling units had to be reduced in the visualizations for the medium-density
scenario to provide sufficient space for road and path access. This was not the case for the high-
density scenario, which thusly demonstrated that density objectives are achieved when pursuing
high-density building forms but could be more challenging with the medium-density form. In addi-
tion, the visualization development process also elucidated nonspatial considerations associated with
the scenarios; for example, focus group participants commented that improvements to infrastructure
such as street lights would occur with higher density and these had not been effectively captured in the
visualizations. Visualizing a scenario with a high degree of realism requires visualization developers to
think about aspects of community development that could be overlooked when using other (less vis-
ually detailed) tools such as models and maps (Newell et al. 2017b). For such reasons, the visualization
development process can be just as useful for supporting planning as is actually employing the tools in
participatory planning and community engagement practices.

The tools developed in this research demonstrate promise for supporting participatory planning due
to their ability to communicate complex model outputs to diverse stakeholders and audiences, and
this is encouraging in terms of closing the implementation gap between community modelling efforts
and local action. However, it is important to recognize that challenges still remain around the imple-
mentation gap, particularly in terms of the limitations around users further developing the tools and
exploring new scenarios. Similar to other research on planning tools (e.g., Salter et al. 2009; Shaw et al.
2009; Schroth et al. 2011), the model explorer and visualizations were developed by researchers, and
although community members were informed on how to use the tools, the project ultimately did
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not involve building local expertise and capacity for further developing them. Future research can
address the implementation challenge in one of two ways. One approach would be to develop a plat-
form that allows for scenario building (i.e., in addition to scenario exploration). This could be a viable
avenue for future research in this area, as the visualizations were developed using a game engine and
other researchers have used games such as SimCity to investigate the utility in urban planning educa-
tion (e.g., Gaber 2007; Terzano and Morckel 2017). However, it is important to recognize that games
like SimCity were not developed as planning tools, and researchers caution that they do not
adequately capture the complexities involved in urban design and community development
(Minnery and Searle 2014).

Another approach for further closing the implementation gap would be to incorporate training com-
ponents into research efforts. The visualization development methods used in this research employed
programs that either have free versions (i.e., Unity, SketchUp) or could be replaced with similar, open
source alternatives (i.e., QGIS instead of ArcGIS, GIMP instead of Photoshop); this was regarded by
the researchers to be important as it increases access and ability for groups with limited budgets
(e.g., NGOs) to employ the visualization techniques. In addition, Newell et al. (2017a, 2017b) docu-
mented the visualization process in detail in open access journals with the hope that this would
encourage the adoption and use of these techniques. However, the likelihood of a municipal govern-
ment or community groups employing the visualization techniques based on access to software and
documentation alone is low, and future research could address this issue by also incorporating train-
ing sessions on how to use the software and conduct the workflow. Such research could involve three
steps: (i) co-developing models and visualization tools, as done in this study, (ii) training government
and (or) community members on how to further develop the tools, and (iii) conducting a longitudinal
study to investigate whether government and community groups have continued to use/develop the
tools (and why or why not).

The study has revealed an opportunity for what can be understood as a bespoke approach to urban
design, in that model explorer and visualizations tools can be developed and employed in concert
for tailoring community development based on creative collaboration and individual empowerment.
In doing so, however, consideration must be given to the role of the researcher in manifesting the
results of their study through creation of the tools. Many of the principles upheld by democratized
planning should be practiced in planning research, such as done in this study. These include an
acknowledgment of privilege and power in the shaping of opinion and imagination, which are able
to translate tangibly should any research findings contribute to the outcomes of community develop-
ment (Munthe-Kaas and Hoffmann 2016). Similarly, in developing selection criteria for research par-
ticipants, the researcher ultimately holds the authority to determine which voices are represented in
the final product. Thus, even when using community-based methods and incorporating participant
feedback in iterative studies, the inherent bias of researchers will inevitably be represented in some
component of the project, which in the case of action research, will influence the products/outcomes.
This research developed tools for participatory planning, and thus biases influence the content and
user experience of these tools. Discovering new and better ways of minimizing these biases and maxi-
mizing inclusivity will be an ongoing research challenge in the field community planning and
engagement.

A significant challenge (and source of bias) that exists when developing visualizations as planning tool
relates to the designer choices involved in modelling the virtual environment and visual elements.
Bresciani and Eppler (2008) noted that such designer-induced problems include misleading visuals
and hiding/obscuring certain elements; these problems can affect the ability visualizations have as
tools for supporting effective decision-making. To address such challenges, Sheppard (2001) and
Lewis et al. (2012) outlined codes of ethics for visualization developers and explained that it is
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important for these representations to be made accurate as possible in terms of their depictions of
future environmental conditions. However, as stated by Appleton et al. (2002), “reality will always
exceed our ability to simulate it” (p. 147), and in many cases, misrepresentations and omissions by
visualization developers are unintentional, but problematic nonetheless. Lewis et al. (2012) acknowl-
edged these issues; however, they also noted that the issues should not prevent progress in visualiza-
tion research and practice, instead advocating for continual improvement and transparency on the
shortcomings of the visualization tools. In the case of this research, increased transparency on the
visualizations’ shortcomings (and obscured aspects of scenarios) was attempted by including stake-
holder critiques of the visualizations in pop-up windows. However, the open house participants did
not provide detailed comments on whether this feature improved the visualization tool, and more
research is needed to assess whether this was an effective approach for increasing transparency.

In some cases, designer-induced issues can occur due uncertainty around particular conditions. For
example, in this study, predicting the specific design (e.g., colour, style, etc.) of the buildings in future
development scenarios was not possible, thusly compromising the accuracy of the representation.
Some researchers suggest using a combination of realistic and abstract elements (e.g., Chassin et al.
2019), which would address the design uncertainty issues; however, such an approach was not taken
in this study for multiple reasons. As discussed above, the research aimed to develop a tool that con-
nects with people’s sense of place. A feeling of being “present” within a virtual environment supports
this ability (Newell and Canessa 2015), and some visualization research has found that a lack of real-
ism can distract from a sense of presence (Hayek et al. 2016). In addition, the scenarios explored in
this research involved more than just building construction; they included multiple aspects of com-
munity development, such as parks, paths, traffic, gardens, etc. Modelling all these added/changed ele-
ments as abstract shapes would greatly reduce the realism of the representation (perhaps to the point
of not being a relatable environment), and modelling only some as abstract would being misleading in
that it would suggest that certain elements (i.e., the realistic models) have a confirmed design. Finally,
Lovett et al. (2015) explained that realism in visualizations can contribute significantly to diverse
users’ ability comprehend a scene. Technical trade-offs occur with realism relating to processing
and rendering time (Appleton et al. 2002; Lovett et al. 2015); however, these have reduced (and con-
tinue to reduce) significantly with technological advancements. As researchers and practitioners take
advantage of these technological advancements, a key research question will be: how do we embrace
and harness these opportunities, while fully being transparent about the uncertainties and shortcom-
ings of representations of “potential futures” given through realistic visualizations?

This research project employed a participatory approach for creating planning tools, and it iteratively
developed the tools based on feedback of local government and community stakeholders (Newell and
Picketts 2018, 2019a, 2019b, 2020a, 2020b). Such an approach is particularly useful for the develop-
ment of both integrated models and visualizations. Developing a comprehensive model to support
integrated planning is a challenging task because it requires capturing and overwhelming level of
complexity (Sperling and Berke 2017). Similarly, developing realistic visualizations based on these
systems model presents the challenge of capturing a great degree of detail (Appleton et al. 2002).
However, by employing a participatory approach, models (Newell and Picketts 2018; Newell et al.
2020) and visualizations (Newell et al. 2017a) can be developed in a manner that is both reasonable
in scope and relevant to a community’s planning needs. Environmental, social, cultural, and economic
characteristics differ from place-to-place and community-to-community; thus, no “one-size-fits-all”
approach to sustainable community development exists (Dale et al. 2018), and accordingly, the model
and visualizations were developed in this research to be specific to the place-based characteristics and
challenges of the community of Squamish. However, the approach and process documented in this
paper can be applied to other communities, and other research and modelling/visualization exercises
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could involve similar participatory approaches for co-developing planning tools in collaboration with
the stakeholders and community members that will use the tools.

In many cases, it can be impractical to address all community recommendations when developing
planning tools; however, advancements in technologies for developing interactive media have pro-
vided interesting opportunities for acknowledging and incorporating feedback in innovative ways
with minimal temporal and financial costs. In this research, the visualization tool was refined after
the focus group to include pop-up windows that list concerns and critiques given by focus group par-
ticipants on the visualizations and scenarios. Through this feature, community thoughts and feedback
were made available to future visualization users with relatively modest changes to the tool, thereby
providing users with a more complete understanding of the scenarios and their implications with
minimal effort on the part of the tool developers.

5. Conclusion
Community participation is an essential component of effective local planning (Ling et al. 2009),
and to this end, this study explored the development and use of tools for supporting participatory
planning and community engagement. This research process has resulted in a promising, novel,
and synergetic methodology of urban design that merges technological advancements with an
appreciation for humanized and locally oriented governing practices. The model explorer and visu-
alization tools created through this research differ significantly in terms of their form and the types
of information each communicates, and these differences provided interesting opportunities for
comparing their strengths and weaknesses. However, the purpose of this comparison was not to
investigate whether one tool was more effective than the other; rather, the research elucidated
how complementary strengths can be harnessed when employing these tools in concert.
Moreover, the research indicated that integration of different types of tools could further harness
their respective strengths, and future research should take advantage of opportunities for tool inte-
gration offered by advancements in interactive media technologies. Such research will lead to tools
that can comprehensively convey the implications of developing a community in a certain way to
diverse stakeholders and community members, thereby effectively supporting integrated planning
and sustainable community development.
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