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The collaborative development of scientific and practical knowledge is
fostered through processes which allow scientists and stakeholders to work
together toward common interests and goals. The purpose of this community
case study is to document a process by which big data characterizing
the volume and spatial distribution of outdoor recreation and tourism
behavior can be used to initiate collaborative discussions amongst the diverse
stakeholders involved in outdoor recreation and tourism management. The
process we document involves engaging a diverse group of stakeholders
including public land managers, county and city government officials,
and local business owners, in participatory workshops centered around
visualizations of geotagged social media. We document how three workshops
with outdoor recreation and tourism providers in Utah (USA) aided in the
development of a shared understanding of the challenges and opportunities
associated with meeting the growing demand for outdoor recreation and
tourism opportunities.

science communication, public engagement, participatory research, PPGIS,
geospatial analytics

Introduction

Processes that enable inter-organizational dialogue can aid in the development
of a shared understanding of the opportunities and challenges faced by local
business owners, city and county governments, and public land managers in
their efforts to meet the growing demand for outdoor recreation and tourism
opportunities. However, the disparate organizations involved in these processes
use their own unique methods to monitor trends in outdoor recreation and
tourism behavior (Smith and Miller, 2020). These organizations also have discrete
jurisdictional boundaries which they are responsible for and have varying mandates
and priorities that guide their actions. Visitor use monitoring efforts that span
administrative boundaries may provide a common focal point to initiate discussions
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of the shared opportunities and challenges faced by the
numerous agencies and organizations involved in providing
outdoor recreation and tourism opportunities.

The purpose of this community case study is to document
a process by which big data characterizing the volume and
spatial distribution of outdoor recreation and tourism behavior
can be used to initiate collaborative discussions amongst
the diverse stakeholders involved in outdoor recreation and
tourism management. We demonstrate a process by which
geotagged social media characterizing outdoor recreation and
tourism behavior can be used to initiate dialog amongst
diverse stakeholders involved in outdoor recreation and tourism
management. Our process is built around concepts from
the co-production of knowledge and science communication
literatures. The process is exploratory and can be expanded upon
in different geographic contexts; it can also be refined through
more theoretically driven analyses.

Literature review

The information deficit model in science
communication

Scientific findings are most commonly shared with the
public following a one-way mode of communication. This
approach, referred to as the information deficit model, is
described as a linear or one-way communication method
in which scientific information comes from scientists to the
public without the opportunity for interaction and engagement
(Simis et al, 2016; Figure 1). The simplistic nature of the
information deficit model has been criticized by many science
communication scholars because it does not account for the
heterogeneous nature of recipients’ learning styles. Culture,
sociodemographic characteristics, and individual experiences
and worldviews all shape how people engage with, and retain,
scientific information (Simis et al, 2016; Suldovsky, 2017).
Suldovsky (2017) also suggests the information deficit model
is limited in its utility because complex and nuanced science
must be boiled down to oversimplified messages or summaries
that fail to align with the audience’s existing attitudes, behaviors,
and knowledge.

Seeking better ways to communicate scientific information,
scientists have begun to share scientific findings using
experience-dependent, local, and personal evidence (Howe
and Leiserowitz, 2013; Kim, 2017). This approach, commonly
referred to as the contextual model (a mode of the one-
way communication), utilizes audience segmentation as a tool
to convey scientific information in the most relatable and
understandable way. While the contextual model’s use of
localized, personally relevant, and evidentiary information, is
an improvement over the information deficit model, it has
been criticized for merely providing scientific information in

Frontiers in Sustainable Tourism

02

10.3389/frsut.2022.935369

a more “eye-catching” manner (Suldovsky, 2017). This model
of communication may be insufficient to deal with scientific
information in a way that allows audiences to engage with the
scientific process or scientific findings in a meaningful way.
In other words, the contextual model has been criticized for
improving upon the information deficit model while still not
providing the opportunity to interact or engage with scientific
knowledge directly.

The public engagement model in science
communication

The public engagement model addresses some of the
limitations of the information deficit and contextual models
(Figure 1). Introduced by Biggs (1989), the public engagement
model is characterized by two-way communication processes
focused on developing co-produced knowledge (Corner and
Randall, 2011; Meadow et al.,, 2015; Popovici et al., 2020).
The public engagement model emphasizes the need for, and
value of, substantively engaging the public in meaningful dialog.
There is no prescriptive method (e.g., town hall style question
and answer sessions, virtual forums and public webinars, etc.)
through which this dialog can happen. However, advocates
for the public engagement model suggest the co-production of
knowledge is facilitated by communication that is structured
(e.g., professionally facilitated) and transparent (e.g., notes
and/or transcriptions of the engagement are made publicly
available) (Djenontin and Meadow, 2018). In addition, the co-
production of knowledge can be fostered when a diversity of
interests are involved in the communication (Garcia and Brown,
2009; Meadow et al., 2015; Wall et al., 2017; Popovici et al., 2020).
In the context of outdoor recreation and tourism management,
this can involve user groups (i.e., outdoor recreationists
and tourists), local and regional elected officials, municipal,
state, and federal outdoor recreation planners and tourism
development specialists, and relevant non-profit groups.

The co-production process is the unique and arguably
essential component of science communication efforts using a
public engagement model (Pohl et al., 2010; Beier et al., 2017;
Vincent et al., 2018; Popovici et al., 2020). The need for, and
value of, co-production processes in sharing scientific findings
stems from the failures of communication efforts utilizing top-
down communication efforts (Bovaird, 2007; Beier et al., 2017).
The participatory and collaborative nature of the co-production
process involves acknowledging, responding to, and integrating
the attitudes, beliefs, and values of multiple stakeholders into the
scientific process so that management decisions, findings, and
recommendations, are more likely to be accepted, understood,
and acted upon (Figure 1) (Meadow et al., 2015; Vincent et al,,
2018; Popovici et al., 2020).
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THE INFORMATION
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THE PUBLIC
ENGAGEMENT MODEL

*  Scientific findings are shared from
researches with stakeholders

*  Findings and implications can be
contextualized to specific audiences (the
contextual model)

3

* Insufficient for dealing with
complex issues

*  Lack of agreement among
audiences

*  Missing public feedback

Contractual Consultative

Collaborative Collegial

« Researchers and stakeholders are
communicating with each other about
the topical focus of the research

* Researchers and stakeholders are
working together to develop usable
science-driven knowledge (co-
production)

3

* Inclusive agreement among
stakeholders

e Increased transparency

¢ Increased mutual trust between
scientists and stakeholders

FIGURE 1

A conceptual diagram showing the difference between the information deficit model and the public engagement model.

Big data analytics and science
communication

Big data are defined by their volume, their ability to address
questions at multiple scales (both spatial and otherwise), and
their ability to be flexibly integrated with other data (Li et al.,
2018). These characteristics have allowed social scientists to
investigate social phenomenon in ways that are not possible
with traditional research (Kitchin, 2014). As a consequence,
big data have the potential to shift social science away from
theory-driven methods and toward data-driven investigations
(Frickeé, 2015). However, there is an ongoing debate as to
whether there is more value in knowing “what” is happening
(more easily elucidated by a data-driven approach) or “why”
things are happening (more easily elucidated by a theory-driven
approach) (Ekbia et al., 2015). The rising interest in using
big data has led to discussion on how big data can be used
to improve science communication methods (Lember, 2017;
Wiesenberg et al., 2017; Choi, 2020). For example, Wiesenberg
et al. (2017) found the use of big data alone can make
stakeholders more interested and willing to engage with the
science using those data. Importantly, major downsides of using
big data in communication and media research have also been
noted (Wiesenberg et al., 2017). For example, data mining and
big data analytics can be costly, and require analytical and
technical skills to distill information down to useful summaries
or visualizations. Additionally, limitations on data availability
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and anonymity pose additional challenges to the use of big data
in science communication.

While there is a burgeoning body of work focused on
the interface of big data and science communication, there
is a limited understanding of how big data can be integrated
into public engagement processes (Lember, 2017). How can
big data be used effectively in public engagement processes?
Can big data be used to catalyze collaborative discussions
and the co-production of knowledge? In this investigation, we
address these questions within the field of outdoor recreation
and tourism management by documenting a process by which
big data characterizing the volume and spatial distribution of
outdoor recreation and tourism behavior can be used to initiate
collaborative discussions amongst diverse stakeholders.

Methods

Our process involved developing a shared understanding
of the challenges and opportunities associated with increased
participation in outdoor recreation and tourism in Utah, USA.
The process included a participatory workshop as well as a pre-
and post-workshop survey in three regions of the state'. These
regions included a five-county region in the southeastern corner

1 We had planned to host five regional workshops around Utah.

However, two of these were canceled due to COVID-19.

frontiersin.org


https://doi.org/10.3389/frsut.2022.935369
https://www.frontiersin.org/journals/sustainable-tourism
https://www.frontiersin.org

Zhang and Smith

UTAH

NORTHERN WAS
REGION

\TCH

SOUT

WESTERN

FIGURE 2

Regions of Utah used to organize the participatory three
participatory workshops (held in the Southwestern,
Southeastern, and Northern Wasatch Regions).

of the state (Southeastern Utah), an eleven-county region in the
southwestern portion of the state (Southwestern Utah), and a
six-county region along the northern Wasatch Front (Northern
Wasatch) (Figure 2).

Workshop participants consisted of federal and state agency
staff, county and municipal officials and planning staff, as well
as local business owners in the outdoor recreation and tourism
industry. Table 1 provides generic titles that were used to help
guide stakeholder selection. All invited participants lived or
worked in the regions where their workshop took place. All
potential participants were emailed an invitation to participate
in the workshop?. Initial invitations were followed by two
subsequent invitations sent 1-week apart if an invitee had not
responded. In total, 372 individuals were invited to participate in
the regional workshops and 40 agreed to participate (Table 2)°.

2 The invitation also included an informed consent form detailing the
purpose of the study, the use of data collected from the project, and all
reasonable risks associated with participation. The informed consent form
was approved by Utah State University's Institutional Review Board (USU
IRB protocol #10517).

3 This seemingly low engagement rate is most likely attributable to the
fact we were as inclusive as possible in extending invites. For example, we
reached out to all business owners who owned a business in the leisure
and hospitality industry (e.g., outdoor recreation equipment sale/rental
shops, outfitters and guides, lodging business owners, restaurant and bar

owners, etc.).
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TABLE 1 Generic titles and types of stakeholders invited to participate
in the workshops.

Type of stakeholder =~ Examples of positions/titles

Federal land manager e National Park Superintendent

e NPS Chief of Visitor Services

NPS Chief of Interpretation
e NPS Chief of Resource Stewardship and Science

National Forest Supervisor

National Forest District Ranger

National Forest Recreation Planner

National Forest Landscape Architect

BLM Field Office Supervisor

e BLM Recreation Planner
e BLM Landscape Architect
State land manager e State Park Manager
e State Sovereign Lands Coordinator
County interests e County Park Systems Managers
o County Convention and Visitor Bureau Director
o County Economic Development Director
Municipal interests e Mayor
e City Council Member
o City Park System Manager

e City Tourism Development Office Director

TABLE 2 Affiliations of study participants.

Affiliation Number of
participants

Federal or state natural resource management agency 16

City or county government 13

Local Business owner/operator 8

Other 3

Pre- and post-workshop survey

We used pre- and post-workshop surveys to solicit input
on the opportunities and challenges associated with increased
outdoor recreation and tourism throughout each region. The
surveys were also intended to help prepare potential participants
for the discussions that were the focus of the workshops (via the
pre-workshop survey) and provide an opportunity for workshop
participants to personally re-evaluate their perceptions after the
workshop was over (via the post-workshop survey). The surveys
were administered via email 1-week before, and 1-day after
the in-person workshop took places. Participants were asked
to identify their affiliation and the specific counties in which
their agency, business, or organization manages land or provides
services related to outdoor recreation and tourism.
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Participants were also asked to identify what they believed
were the five most visited outdoor recreation and tourism
destinations within the region; responses were open ended. This
question was asked to help familiarize participants with the
scope and purpose of the workshops.

Participants were asked about what they believed were
the main drivers (e.g., access to major highways, number
of designated trails, amount of water, the presence of
cultural/historical sites, location within a national park, etc.)
influencing outdoor recreation and tourism participation
throughout the region. Perceived level of influence was gauged
through a 7-point Likert-type scale ranging from major negative
influence to major positive influence.

Next, participants were asked to indicate their level of
concern for a variety of possible consequences (e.g., lower
visitor satisfaction due to crowding, worse traffic during peak
seasons, disturbance to wildlife and vegetation, etc.) associated
with increased outdoor recreation and tourism throughout
their region. Level of concern was measured on a 5-point
Likert-type scale that ranged from not concerned at all to
extremely concerned.

Finally, participants were asked about how, and to what
extent, they believed increased outdoor recreation and tourism
throughout their region benefitted the region. Possible benefits
asked about included increased sales revenue to support public
infrastructure, increased property values, etc. Level of perceived
benefit was assessed using a 5-point Likert-type scale ranging
from no benefit at all to substantial benefits.

Participants were also given the ability to describe specific
opportunities and challenges associated with increased outdoor
recreation and tourism throughout the region via an open-
ended dialog box.

Participatory workshops

Spatial patterns of outdoor recreation and tourism
were measured using social media and validated through
comparisons to reported visitation levels where those data
are available. Social media were collected between the years
2006 and 2014 through the APIs of both the Flickr and
Panoramio platforms®. The spatial mapping and validation
process are detailed in Zhang et al. (2021) and publicly
available on the openICPSR repository (https://doi.org/10.
3886/E131163V1). The mapping process generated statewide,
regional, and county-specific maps of outdoor recreation
and tourism participation on public lands. We also distilled
the statewide and regional maps into “top 10” lists of the

4 The Flickr platform has been active since 2014 and is still used widely
in applied park and protected area research (Wilkins et al., 2021). The
Panoramio platform was active from 2005 to 2016 and has been used

much less frequently in applied research.
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most visited tourism destinations. Examples of each type of
map and the lists are shown in Figure 3. These maps were
presented to workshop participants via large (0.9 x 1.2m)
foam core poster boards set up on easels around a large
meeting room.

During the workshops, we first gave a short (10-
15min) presentation about how social media is being
used in outdoor recreation and tourism management,
(this based
on Section 2 of Zhang et al, 2021). The process of

planning, and research presentation  was

acquiring and analyzing data were briefly mentioned
as well.

Following this short presentation, participants were
given the opportunity to walk around the boards and
discuss the spatial patterns of visitation informally amongst
themselves. After viewing the maps, we led participants
through an interactive and collaborative discussion that
solicited participants’ observations of the spatial patterns of
outdoor recreation and tourism on public lands. Following
this initial period where they could express their initial
reactions, workshop participants were teamed up into groups
of four to five to discuss, and come to agreement on, the
opportunities and challenges associated with increased outdoor
recreation and tourism within their region. The groups of
four to five were purposefully constructed to ensure each
group had representation from a federal land manager, a
state land manager, and a municipal interest. Groups were
given ample time to discuss potential opportunities and
challenges amongst themselves and also to ask any clarifying
questions of the research team. Each group was given a
large (0.9 x 1.2m) poster board to list the challenges and
opportunities associated with meeting the growing demand
for outdoor recreation and tourism opportunities. After each
group had reached consensus, they were invited to share with
the larger group while the research team recorded common
challenges and opportunities identified across the groups.
These common challenges and opportunities were used
to generate open discussions of how the region could: (1)
mitigate the negative consequences associated with increased
visitation; and (2) capitalize on identified opportunities.
The workshops concluded by thanking participants and
providing them with information about where they could
access the maps and study findings on the internet (a
project-specific website hosted all maps and made them
publicly available). The regional workshops lasted between
2 and 2% h. The full workshop script is included in the

Supplementary material.
Data analysis

All survey responses were collected via the Qualtrics
survey application and uploaded into SPSS v.27 for data

frontiersin.org
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FIGURE 3

Examples of statewide (A), regional (B), and county (C) maps of geotagged social media along with an example of a rank-ordered “top 10" list (D).

cleaning and analysis. Data cleaning included checking for
participants who either stopped providing responses at a
certain question or answered every item with the same
response option. Descriptive statistics were used to analyze
most of the pre- and post-workshop survey data. The
common challenges and opportunities identified during the
workshops were transcribed and later archived and shared with

workshop participants.

Frontiers in Sustainable Tourism

Results

Pre-workshop survey

A total of 40 study participants completed the pre-workshop

survey. Most participants were from federal or state natural
resource management agencies (n = 16, 40%), with slightly less
from city or county governments (n = 13, 33%). Local business
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owners and operators represented 20% of all participants (n =
8) and there were three participants with some other type of
affiliation (Table 2).

When asked about the most influential factors driving where
outdoor recreation and tourism happens within the region,
location within a national park topped the list in the pre-
workshop survey® (Table 3). Other factors participants rated
highly included: location within a state park; the number of
designated trails; and access to major highways. Nearly all of
the factors we asked about were believed to have at least a
marginal positive influence on where outdoor recreation and
tourism happens within the region®. In addition to the items we
asked about, two respondents commented that locations being
shared via social media had a major and positive influence on
the amount of outdoor recreation and tourism happening within
an area.

Table 4 shows perceived challenges associated with increased
outdoor recreation and tourism visitation to each of the three
regions. Damage to cultural/historical resources was the most
prominent concern amongst participants. Additionally, higher
cost to maintain public infrastructure was a concern amongst
participants in all three regions, as was higher costs to maintain
outdoor recreation infrastructure. Disturbance to vegetation,
worse traffic during peak seasons, and lower visitor satisfaction
due to crowding were all at least somewhat concerning to
participants in all three regions.

When asked about perceived opportunities associated with
increased outdoor recreation and tourism (Table 5), increased
sales revenue to support public infrastructure was seen as
the greatest possible benefit. An increase in the number of
businesses to serve outdoor recreationists as well as an increase
in property values were also consistently seen as possible benefits
across the three regions (Table 5).

Participatory workshops

The participatory workshops in which participants could
explore and discuss spatial patterns of visitation worked
well in effectuating conversation and dialogue, insomuch as
each workshop resulted in a collaboratively developed list of
challenges and opportunities associated with increased outdoor
recreation and tourism. We found participants were eager to
explore the maps and discuss the spatial patterns that did,

5 The Southeastern region contains Arches, Canyonlands, and Capitol
Reef National Parks while the Southwestern region includes both Bryce
and Zion National Parks. There is no national park in the Northern Wasatch
region.

6 The presence of agricultural land was believed to have a slight
negative influence on the amount of outdoor recreation and tourism
happening in both the Northern Wasatch region and the Southeastern

region.
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TABLE 3 Influential drivers shaping where outdoor recreation and
tourism happens.

Pre-workshop  Post-workshop

survey survey
(n = 32-40) (n=11-14)

Mean! SD Mean! SD

Location within a national 6.47 1.02 6.64 0.92

park?

Location within a state park 5.88 0.94 6.00 0.88

Amount of designated trails 5.83 1.26 6.29 0.73

Access to major highways 5.80 1.34 6.43 0.65

Location within a national 5.35 0.98 5.57 0.85

forest

The presence of 5.31 0.73 5.71 0.83

cultural/historical sites

The presence of forested land 5.23 1.11 5.23 0.73

Amount of water (i.e., lakes, 5.15 1.10 5.07 1.07

rivers, streams, etc.)

The presence of residential 4.05 1.30 5.07 1.33

and urban development

The presence of agricultural 4.02 1.12 3.86 1.10

land

11 = Major negative influence, 7 = Major positive influence.

2The Southeastern region contains Arches, Canyonlands, and Capitol Reef National
Parks while the Southwestern region includes both Bryce and Zion National Parks. There
is no National Park in the Northern Wasatch region.

and did not, align with their expectations. Participants were
first provided with a basic understanding of how we used
social media to measure and map visitation in their region and
across the state as a whole, through an interactive presentation.
The presentations included questions from participants about
where the data were coming from, whether it was anonymous,
and how representative it was of all outdoor recreationists
and tourists within the region. These are common concerns
within the academic community (Wilkins et al., 2021), and
our workshops suggest they are common concerns amongst
interested stakeholders as well.

The presentations were followed by an opportunity for
participants to explore the maps on the poster boards placed
around the workshop room. We found it was difficult to
reconvene participants to have a more structured discussion
about the patterns presented on the maps once they were up,
exploring, and talking amongst themselves.

Once we were able to reconvene participants, the structured
discussions focused on the challenges and opportunities
associated with increased outdoor recreation and tourism
within the region. These discussions produced a litany of
potential challenges and opportunities voiced by participants
(Table 6). Many of the challenges and opportunities were
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TABLE 4 Challenges associated with increased outdoor recreation
and tourism.

10.3389/frsut.2022.935369

TABLE 5 Opportunities associated with increased outdoor recreation
and tourism.

Pre- Post- Pre- Post-
workshop workshop workshop workshop
(n =40) (n=14) (n = 40) (n=21)
Mean' SD Mean' SD Mean' SD Mean' SD
Damage to cultural/historical 4.08 1.10 421 0.80 Increased sales revenue to 3.63 0.98 4.07 0.83
resources support public infrastructure
Higher costs to maintain 3.85 1.17 4.07 0.73 Increased number of 3.50 0.91 4.14 0.86
public infrastructure (e.g., businesses to serve outdoor
roads, etc.) recreationists and tourists
Higher costs to maintain 3.85 1.08 4.29 0.73 Increased property values 3.13 1.04 3.57 0.85
outdoor recreation
. . 11 = no benefit at all, 5 = Substantial benefits.
infrastructure (e.g., visitor
centers, restrooms, facilities,
trails, etc.) TABLE 6 The challenges and opportunities identified during the
P participatory workshops.
Disturbance to vegetation 3.73 1.09 4.14 1.03
Worse traffic during peak 3.63 1.17 3.64 1.01 Challenges Opportunities
seasons
Disturbance to wildlife 358 2 100 L o Affordable housing for employees e Data use for making managerial
Carrying capacity of recreational decisions
Lower visitor satisfaction due 3.30 1.27 4.00 0.78 ¢ Tying capacity
resources Disperse people from hotspots
to crowding ¢ perse peop P
R e Changes in visitation patterns e Expand access for visitor use
An inability to serve more 2.70 1.20 2.79 1.25
. . e Damage to natural resources o Identity/branding
diverse types of visitors (e.g.,
. (watershed/wildlife habitat) e Increasing local  services and
from different cultural
e Disturbance to local community businesses
backgrounds)
. . e Higher costs to maintain e Increasing sale tax and tourism tax
Insufficient dining and 2.63 1.33 2.57 1.16

lodging options to

accommodate visitors

1 = Not concerned at all, 5 = Extremely concerned.

similar to the ones we had asked about in the pre-workshop
survey. Common challenges across the three regions included:
insufficient dining and lodging options; damage to natural
resources (e.g., vegetation and wildlife); crowding issues; and
higher costs to maintain infrastructure. There were also
numerous challenges listed which were beyond the scope of
our initial thinking. For example, workshop participants noted
the lack of funding to support increased use, disturbance
to the local sense of community, affordable housing for
employees, lack of employees, and government pressure due to
increased population.

The
confirmed participants’

structured participatory workshop  discussions

perceptions about opportunities
associated with increased outdoor recreation and tourism, as
elicited through the pre-workshop survey. Opportunities for
increasing sales revenue to support public infrastructure and
local economic expansion were identified in both the pre-
workshop survey and in the structured discussions. Participants

also elucidated new potential opportunities based on their
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infrastructure

Partnerships across government and

Insufficient facilities and

private sectors
infrastructure o Self-marketing
o Insufficient services (e.g., dinning and

lodging)

Lack of employees

Lack of funding support

e Local government’s pressure due to
increased population negative
impacts on visitor experience (e.g.,

crowding)

Overcrowding issues at tourist

hot spots

interests and expertise. For example, participants across all
three workshops noted how increased outdoor recreation
and tourism might force their hand into managing outdoor
recreation and tourism resources in a more collaborative way
through partnerships (Table 6). Participants in all three regions
also noted how increased outdoor recreation and tourism
provided the opportunity/necessity to be more conscious about
how they present their region’s “brand” to non-locals.

When asked specifically about whether participants believed
social media could be a useful tool for stakeholders like

frontiersin.org


https://doi.org/10.3389/frsut.2022.935369
https://www.frontiersin.org/journals/sustainable-tourism
https://www.frontiersin.org

Zhang and Smith

themselves, participants were optimistic about its utility. For
example, some participants noted how seeing the spatial patterns
of visitation could be useful for their efforts to try to disperse
visitation away from those locations where crowding and traffic
have become persistent problems during the busy season. Others
noted how the data could be used to prioritize the management
actions of land managers. Some even noted how the data
could be used to inform the marketing and branding strategies
of municipalities and counties. The use of social media was
not without pause however, as several participants expressed
concerns about the representativeness of these data. Numerous
participants were skeptical social media derived patterns of
outdoor recreation use were accurate given they did not use

social media to share their own outdoor recreation experiences.

Post-workshop survey

A total of 14 workshop participants completed the post-
workshop survey. The results of questions about the influential
factors shaping where outdoor recreation and tourism happens
within the region as well as questions about the challenges and
opportunities associated with increased outdoor recreation and
tourism are provided in Tables 3-5. On average, the mean scores
of each item in each question of the post-workshop survey
were higher than the mean scores in the pre-workshop survey.
However, the rankings of response options were very similar.

Discussion

Using social media to facilitate the
co-production of knowledge

Through this work, we have demonstrated a process of
sharing geotagged social media characterizing the volume and
spatial distribution of outdoor recreation and tourism with
interested stakeholders. We have shown how this process
can be used to initiate discussion and the co-production of
new knowledge on how to capitalize on the opportunities,
and mitigate the challenges, associated with increased outdoor
recreation and tourism.

Geotagged social media can provide a focal point through
which stakeholders from a diverse set of backgrounds can engage
in dialogue and collaborative discussions. In contrast to the
traditional visitation monitoring methods, social media provides
a universal measure of outdoor recreation activity. Traditional
visitor use monitoring programs are established by individual
federal, state, and local agencies/organizations (e.g., the USDA
Forest Service, the National Park Service, and state agencies).
Each of these agencies has unique mandates and priorities,
contributing to a large amount of variation in how visitors
are counted. Different data sources and different counting
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methodologies have hindered the ability of agencies to work
collaboratively, across their jurisdictional boundaries, to address
(or even develop a common understanding of) the challenges
associated with increased outdoor recreation and tourism.

The collaborative process we have demonstrated here can
be adopted to develop a shared understanding of outdoor
recreation participation amongst different types of outdoor
recreation planners, managers, and tourism professionals. The
value of the participatory workshops was realized in the form
of the rich and constructive dialog (summarized in Table 6)
generated during the workshops. Participants were able to
identify a common set of challenges and opportunities associated
with increased outdoor recreation and tourism using social
media to guide their discussions and the refinement of these
lists. While the challenges and opportunities are not meant to be
exhaustive or prioritized, the ease in which they were generated
by workshop participants (over one 2 to 2% h workshop) hint
at the utility of using big data to catalyze productive discussion
and avoid getting bogged down into the minutia of how the type
and extent of data from one agency/organization compares to
the type and extent of data from another agency. The relative
immediacy with which we were able to develop a collaborative
and focused discussion amongst participants speaks to the
promise of social media, and possibly other types of big data, as
a common focal point around which discussion, collaboration,
and possibly even proactive management, can be grounded.

With that said, the process we employed used a single
participatory workshop which may have hindered stakeholders’
ability to develop shared interpretations and a shared
understanding of specific ways they can work together to
achieve mutual gains. Our future work (and we suggest the
future work of others) can learn from this by integrating big data
into more structured and decision-oriented models of public
engagement. Previous research also suggests collaborative
public engagement can be more effective or successful when it
is oriented toward a specific decision that will be made through
the process (Vincent et al., 2018).

Collaborative development of scientific
and practical knowledge

A relatively large body of literature has suggested two-way
communication and collaborative public engagement can be
used to shape solutions for complex issues; this is especially true
when stakeholders with multiple mandates and priorities are
involved (Meadow et al., 2015; Beier et al., 2017; Vincent et al.,
2018; Popovici et al., 2020). However, previous research has not
explored whether geotagged social media can be used to initiate
the co-production of knowledge process. The existing literature
has occurred wholly within the realm of theory-guided social
science research. Here, we coupled an analysis of geotagged
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social media with the initial stage in the co-production process,
which could be used to launch a full co-production process
capable of allowing outdoor recreation managers, planners, and
business owners to further explore questions of interest using
results from big data analytics. Our exploratory work highlights
the potential of using social media to aid in the collaborative
development of scientific and practical knowledge about the
challenges and opportunities associated with increased outdoor
recreation and tourism visitation.

The ease at which participants were able to engage in
collaborative dialogue within one another, using visualizations
of social media as an anchor, warrant future investigations
into how, and why, particular types of data are effective
at catalyzing a productive dialogue between researchers and
participants. We found workshop participants had very few
problems with understanding where geotagged social media
come from and how they can be used to map the spatial patterns
of outdoor recreation and tourism use across a landscape.
Social media may be a bit of an anomaly in the world of
big data, given the widespread use of social media across
the globe. Given many people use some type of social media
platform, individuals may see these data as an intuitive, logical,
and transparent way to collect information on how many
and where people are participating in outdoor recreation and
tourism. This is important to note, as transparency is one of
the main ways big data can add value to existing management
decisions (Fosso Wamba et al., 2015). Future work is needed
to determine if other types of big data, which may be less
intuitive and understandable to the general public, can similarly
be used to catalyze collaborative discussions and focus two-way
communication processes.

Limitations and future research

While the work reported here demonstrates a process by
which challenges and opportunities associated with outdoor
recreation and tourism development can be collaboratively
identified by researchers and stakeholders, it is not a formal
evaluation of the utility of social media relative to other sources
of visitor use monitoring data. Future research can more
thoroughly assess the relative advantages of social media using
control groups whose discussions are guided by other types
of data (e.g., data from registrations, fee slips, or surveys). If
experimental designs are not feasible or appropriate, statistical
analysis of pre- and post-workshop survey data can yield
more definitive evidence than provided in this article. The
small number of workshop participants we engaged with is
insufficient for conducting inferential statistical analysis. A
larger sample, and more robust statistical analyses of pre- and
post-workshop perceptions would be needed to generate more
conclusive results about the true utility of using social media
to facilitate the co-production of knowledge. Relatedly, future
work that adopts a constructivist or critical research paradigm
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may be able to shed light on true utility and value of similar
collaborative workshops.

Another limitation important to note comes from recent
research evaluating the relationship between actual visits
to parks and visitation estimates derived via social media.
Mashhadi et al. (2022) found exogenous biases (e.g., posting
behavior during stay at home orders issued throughout the
COVID-19 pandemic) can significantly alter the ability of social
media to proxy park use. Their investigation into park use in
Chicago, Los Angeles, Phoenix, and New York City revealed
the statistical relationship between social media posts and
actual park visitation declined notably during the pandemic,
presumably due to individuals’ being less inclined to share their
park visits during this time. This recent finding represents an
important limitation of using social media to quantify park
use over time. While we do not feel that these recent findings
alter the ability of social media to catalyze discussions amongst
diverse outdoor recreation and tourism interests, they do remind
us of the importance of first clearly understanding all of the
known biases in using social media to proxy visitation [several
recent review articles provide very good discussions (e.g.,
Wilkins et al., 2021)] and second clearly articulating these known
biases to stakeholders using them to understand spatial and
temporal trends in outdoor recreation and tourism behavior.

Lastly, we facilitated discussions in the participatory
workshops, which might have limited the breadth of possible
interactions between the study participants and our research
team. We suggest future work allow for discussions started
by end-users as well as researchers could create discussions
that are broader in scope and create a more robust process
of co-production.

Conclusions

This study provides an exploratory investigation into
how a two-way communication process can be coupled with
big data to facilitate the co-production of knowledge. Being
outdoor recreation managers and tourism professionals, the
stakeholders who participated in this study were very familiar
about the influential drivers of visitation as well as the
potential challenges and opportunities associated with increased
recreation visitation. However, our relatively short 2 to 2% h
workshops led to the co-production of knowledge about the
common challenges and opportunities associated with increased
outdoor recreation and tourism throughout the state. Our
work supports the advancement of methods and processes
integrating big data into applied outdoor recreation and tourism
research. Our use of geotagged social media photographs, and
the approachable topic of outdoor recreation and tourism
management (which is very salient in Utah), yielded findings
that warrant future investigations and open exploration by the
growing body of social and spatial scientists who are beginning
to integrate big data into their methodological repertoire. While
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our findings are far from conclusive, they do point to the
potential for big data to catalyze the co-production of knowledge
amongst diverse stakeholders.
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