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Exploring the use of public participation GIS in transportation
planning for tourism at a Nordic destination
Beatrice Waleghwa a,b and Tobias Heldtb

aDepartment of Economics, Geography, Law and Tourism, Mid-Sweden University, Östersund, Sweden;
bSchool of Culture and Society, Dalarna University, Falun, Sweden

ABSTRACT
The purpose of this paper is to showcase how Public Participation
Geographic Information Systems (PPGIS) can be used to assist in
collecting data of relevance for planning at a tourism destination
in general and, specifically how PPGIS data can assist in the early
stages of transportation planning. In this paper, we report on a
PPGIS study in Sälenfjällen, the largest ski tourism destination in
Sweden. Our analysis uses data from 162 visitors sampled on-site
using online and paper-based questionnaires containing survey
questions and mapping tasks. We use the survey and mapped
results from Sälenfjällen to discuss the opportunities and
challenges of using PGGIS for this planning purpose. We
conclude that, despite of various challenges like low response
rates and sampling issues, PPGIS provides the possibility to
collect rich information in terms of survey results and mapped
values. This is important in understanding a transportation
challenge at the early stages of planning, namely the initiation
stage. Our study adds to a growing literature exploring the use of
PPGIS in the field of tourism and recreation. To the best of our
knowledge, ours is the first to use this approach in a tourism-
transport context in a Nordic destination.
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Introduction

Planning and provision of transportation infrastructure that can cope with tourism
demand is one key area for developing a sustainable destination that is attractive for visi-
tors and increases the liveability of the local area (Prideaux, 2000; Rodrigue, 2020). More-
over, planning and managing demand for transportation are fundamental since
transportation has a substantial impact not only on the tourism industry but on the
environment, economy, and society at large (Hall, 2008, 2015). Thus, the provision of sus-
tainable transportation in tourism contexts requires considering the preferences of the
multiple stakeholders (e.g. residents, tourism developers, tourists, planners, etc) who
demand and/or supply the transportation. Also, as Rodrigue (2020) argues, to achieve sus-
tainable transportation it is important to devise systems and strategies that can manage
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demand for transportation as well as redistribute this demand in space and time through-
out different seasons of the year (Butler, 2001). Seasonality in tourism and ultimately the
change in demand for transportation at many destinations affects aspects of supply
behaviour including operation and planning. It is, therefore, important to understand
the varying levels of demand for transportation to develop suitable strategies and plan
for actions that ultimately can enhance the sustainable development of destinations
(Baum & Lundtorp, 2001).

In addition, engaging and involving stakeholders is beneficial for planning processes in
several ways. For example, it can enhance the decision-making process due to the invol-
vement of experts and community members, lead to a better understanding of the situ-
ation at the local level, and result in better policies if effective engagement is undertaken.
The process of engaging stakeholders can be effective when several critical factors are
considered. These factors include, among others, transparency in the planning process,
aiming to incorporate stakeholder concerns as much as possible, having a two-way com-
munication mechanism that promotes interaction and information sharing between sta-
keholders, and considering stakeholder engagement as early as possible and throughout
the planning process (Cascetta & Pagliara, 2013). Several methods of stakeholder engage-
ment exist such as public meetings, workshops, focus group discussion (Chase et al.,
2011), and, more recently, Public Participation Geographic Information Systems (PPGIS).

PPGIS is a method for stakeholder engagement that has seen increased use during the
past 20 years following the development of computer capacity and smartphones. While it
has become increasingly common in urban planning in countries like Finland (e.g. Sand-
tröm et al., 2020; Tyrväinen et al., 2007), Australia, USA (e.g. Brown et al., 2020), few
examples of its use within tourism, rural and transport planning exist. Nikula et al. (2020)
provide one example where PPGIS has been used to collect residents’ views on land-use
preferences and land-use values in a cross-border Finnish-Norwegian case involving rec-
reational values, scenic views, and other special nature values like health and well-being.
Another example is provided by Kantola et al. (2018) who explore the use of PPGIS in gath-
ering tourists’ and locals’ views about their favourite places in a Finnish tourism resort.

Our PPGIS study was initiated as part of the Interreg Baltic Sea project Mobility and
Accessibility in Rural Areas (MARA) by the Swedish Transport Administration (STA)
together with stakeholders sharing a similar interest to address a transportation challenge
for the development of tourism in a sustainable way. Hence, in this paper, we report on
collaborative research between private (destination management organisation – destina-
tion Sälenfjällen, Scandinavian Mountain Airport, tourism businesses at the destination),
and public (STA, Region Dalarna, Malung-Sälen municipality) stakeholders and university
researchers conducted in Sälenfjällen (Sälen Mountain), a ski destination in Sweden
experiencing transportation-related challenges during different seasons of the year.

The purpose of this paper is thus to showcase how PPGIS can be used as a tool to assist
in collecting data of relevance for planning at a tourism destination in general and, specifi-
cally, how PPGIS data can assist in the early stages of transportation planning. Thus, the
main goal of our study is not to provide data for a planning process per se but rather to
explore the potential of PPGIS for transportation planning in a tourism context. We, there-
fore, discuss the data collected given it provides empirical grounding for our main aim.
Thus, at this first stage of the project, we limit our study to one stakeholder group,
namely the visitors to the area. Our study adds to a growing literature exploring the
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use of PPGIS in the field of tourism and recreation and is, to our knowledge, the first to use
it in a tourism-transport context in a Nordic destination. To note, this study is situated
within the exploratory PPGIS methodological framework proposed by Fagerholm et al.
(2021), which focuses on data description and visualisation. The next section gives a
theoretical overview of transportation planning, and PPGIS as well as a review of a few
relevant empirical studies in a tourism context. This is followed by a section on case
description, then materials and methods. Results and analysis come thereafter, while
the paper ends with some concluding remarks.

Transportation planning

Transportation and travel can survive without tourism, but tourism cannot survive
without transportation (e.g. Page, 2005; Page & Connell, 2014). Hence, the role of trans-
port in tourism can be seen in several ways, which mainly include connectivity
between origin and destination and mobility within the destination region (Duval,
2020; Fletcher, 2013). The movement of tourists from origin to destination depends
mainly on three modes of transportation, which all vary in terms of travel time and
cost. These include air transport, land-based modes, and water transport. Additionally,
to achieve the development of destinations in a sustainable way, a tourism transport
system (TTS) ought to be developed (Rodrigue, 2020).

Prideaux (2000, p. 56), defines the TTS as “the operation of, and interaction between,
transport modes, ways and terminals that support tourism resorts in terms of passenger
and freight flows into and out of a destination, and the provision of connecting transport
modes in the tourism generating region”. In the context of the present study, transpor-
tation planning is defined as the planning conducted as part of the wider TTS. In other
words, it is the transportation planning conducted to ensure the development of
tourism that includes wider societal, economic, and environmental goals in a sustainable
way (Hall et al., 2009; Hall, 2008; Sharpley, 2008).

Transportation planning is “concerned with developing and organizing transportation
infrastructure, networks, and services” (Broaddus & Cervero, 2019). As Broaddus and
Cervero further indicate, transportation planning seeks to prepare for the future
growth of the flow of people and goods and modes of transportation used. More so,
there has been a shift in forecasting future travel demands partly due to rapidly changing
travel patterns and an increase in vehicle flows on urban roads. The change in travel
demand is influenced by the rise of new modes of transportation such as shared mobility,
on-demand systems, autonomous vehicles, among others. Therefore, “there is an
increased need for inter-disciplinary approaches, planning for multiple modes of transpor-
tation, integration with land use planning, and public engagement skills” (Broaddus &
Cervero, 2019, p. 1).

Recently there has been a paradigm shift towards sustainability-conscious transpor-
tation in the US, Europe, Canada, and Australia. This paradigmatic shift has emerged in
response to environmental and social concerns (Leigh et al., 2019). While the broad ambi-
tion is to have transport systems and policies devised in consideration of social, economic,
and environmental issues, most emphasis is on the environmental aspect particularly dec-
arbonisation in terms of reducing the ecological footprint from tourism (e.g. Peeters &
Schouten, 2006). Therefore, the end goal is to have sustainable transportation, which
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implies developing transportation systems to support the mobility needs of a society with
the least damage to the environment and without impairing the mobility needs of future
generations (Peeters & Dubois, 2010).

However, planning transportation for the development of tourism in a sustainable way
is not something that can be done without encountering challenges (Dredge & Jenkins,
2011; Hall, 2008). Indeed, a key challenge in this regard is that of seasonality especially
since it causes the fluctuation of tourist numbers to destinations (Vergori & Arima,
2020). Sweden is no exception when it comes to seasonality and challenges related to
the planning of transportation for the sustainable development of tourism. The Organis-
ation for Economic Co-operation and Development (OECD) report of 2020 specifically
highlights transportation, destination development, sustainability, and seasonality as
among the major challenges facing tourism in Sweden.

Commonly, the UN sustainable development goals (SDGs) guide policy development
in Sweden (OECD, 2020). As an example, the transportation planning model in Sweden
is designed to facilitate the development of sustainable transportation. The main objec-
tive of the transport and infrastructure policy is to ensure the “provision of economically
efficient, sustainable transport services for the public and businesses throughout the
country” (Ministry of infrastructure, Sweden, 2020). Several national authorities work in
transportation and play an active role in implementing the policy. These authorities
include to name but a few, the Swedish Airports and Air Navigation Services, the
Swedish Maritime Administration, and the STA (Tornberg & Odhage 2018).

Swedish law demands that the national authorities involve actors at the local and
regional levels in transportation planning activities. In 2013, institutional reforms occurred
in the Swedish national transportation planning policy where, among others, all long-
term infrastructure measures to be included in future national or regional plans were
to be analysed using Strategic Choice of Measures (SCM) methodology. SCM was devel-
oped by the STA, and it is “an arena for early dialogue between main actors and stake-
holders at local, regional, and national levels to jointly assess transport related
problems and develop solutions” (Tornberg & Odhage, 2018 p.416; STA, 2014). As
Figure 1 illustrates, the SCM includes four phases, each of which is described in much
detail by STA (2014) and Tornberg and Odhage (2018). Of relevance in our paper is the ear-
liest phase of involvement, namely initiation. This is the phase where a study is initiated by
actors based on available assumptions of a perceived transport problem and suggested
solutions. It is also at this stage where “neutral” managers are sought, competencies
and actors engaged, and the purpose of the study is defined (Tornberg & Odhage 2018).

Figure 1. Four phases in the Swedish strategic choice of measures (SCM) transportation planning
methodology. Adapted from STA (2014).
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Public participation GIS and transportation planning for tourism

PPGIS is an approach used to generate spatially explicit place-based information (Heikin-
heimo et al., 2020; McCreary et al., 2020) that can inform land-use planning and manage-
ment alternatives (Brown, 2017; Kahila-Tani et al., 2016, 2019). PPGIS comes to the GIS
community from the planning profession. PPGIS was established in 1993 in Friday
Harbour, Washington (Obermeyer, 1998). The launch of PPGIS was because of a growth
of GIS in the 1990s and researchers began operationalisation of place concepts using
GIS to better inform land-use decisions (e.g. Craig et al., 2002; Elwood, 2011).

In recent times, methods such as PPGIS (e.g. Brown & Weber, 2011; Hausner et al.,
2014), Participatory GIS-PGIS (e.g. Brown, 2017; Dunn, 2007; Zolkafli et al., 2017) and Vol-
unteered Geographic Information -VGI (e.g. Goodchild, 2007; Hardy et al., 2012; Sui et al.,
2013) are becoming mainstream as “institutional and societal issues” are increasingly
important subjects in GIS research (Obermeyer, 1998, p. 2). Central to PPGIS, PGIS and
VGI are the goals of valuing and including the wider public such as local
communities (Craig et al., 2002) or non-expert knowledge in addition to conventional
GIS “expert” knowledge (e.g. Elwood, 2011) in planning and decision making (e.g.
Munro et al., 2019).

PPGIS is valuable given that it facilitates public participation, which is key to enhancing
acceptance of decisions that have a spatial implication (Wolf et al., 2018) such as transpor-
tation decisions (Cascetta & Pagliara, 2013). This is partly because, as Brown and Weber
(2011, p. 2) highlight, PPGIS “is based on both sound science and social inclusiveness”.
In other words, PPGIS facilitates engagement of the public who could provide knowledge
based on their experiences and this could expand existing knowledge. However, what
makes PPGIS unique is that (transport) planners and land managers could easily integrate
the data gathered with other GIS layers (ibid) such as road networks.

Different PPGIS techniques could be applied in the mapping of landscape values and/
or other spatial attributes: paper-based maps through mail surveys, internet-based elec-
tronic maps, facilitated group sessions such as workshops, and structured interviews. Each
of the approaches has several pros and cons. Paper-based maps shared through mail
surveys are the easiest as no internet connection or technological devices (e.g. computers
or phones) are required in the mapping exercise. Participants would be provided with a
paper map of the study area with accompanying instructions for placing stickers or any
other markers. The disadvantages of this approach are cost (e.g. for maps and markers)
and time (e.g. for mapping completion and digitalising the markers). Either paper or elec-
tronic maps could be used in interviews or facilitated group sessions. Nevertheless, a lot of
personnel efforts would be required to successfully set up the interviews or group ses-
sions. Internet-based electronic mapping could require the shortest time to complete.
However, the participants would need a device such as a computer with internet
access to complete. Thus, the lack of internet access among potential participants may
negatively influence participation rates and in turn induce a sampling bias given only
those with skills to use and have access to devices with internet connectivity will be
included in the study (Brown & Reed, 2009). It is, therefore, important to consider the
pros and cons of each technique when deciding which techniques(s) to use for a given
PPGIS study. Ideally, as Brown and Reed further argue, a combination of various tech-
niques would in most cases yield better results.
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PPGIS has been used in various empirical and conceptual studies across multiple plan-
ning contexts. These include, but are not limited to, neighbourhood planning (Brown &
Chin, 2013), urban planning (Jankowski et al., 2019a; 2019b; Kahila-Tani, 2015; Kahila-
Tani et al., 2016, 2019) national park planning (Brown & Weber, 2011), coastal and
marine planning (Skriver Hansen et al., 2021), and regional and environmental planning
(Brown, 2012). For more comprehensive coverage on PPGIS see, for example (Brown,
2017; Brown et al., 2020; Brown & Kyttä, 2014; Sieber, 2006). Also, PPGIS bibliographies
and open-source mapping resources could be found at an online open forum for PPGIS
(PPGIS community, 2020).

PPGIS has also been applied in transportation planning. For example, Tang and Waters
(2005) study the use of Web-based PPGIS techniques in transportation planning. They
argue that the PPGIS method (especially when conducted on the web) could provide
interactive mapping and spatial analysis capabilities to help the public access and under-
stand information, and to provide better public participation and collaboration in the
transportation planning processes. Similarly, Griffin and Jiao (2019), in their study of
the geography and equity of participation methods for active transportation planning
in Texas, note that online PPGIS increases wider public participation and collaboration
by covering a wider geographic area than in-person meetings.

Despite the general adoption of PPGIS in the planning process, its application in
tourism planning contexts is so far limited (Brown & Weber, 2013). However, there are
a few exceptions such as the one by Wolf et al. (2018) who used a PPGIS approach to
research conflicts between mountain bike riders, horse riders, and other users of trails
for tourism and recreation to national parks in northern Sydney, Australia. In their
study Wolf et al., successfully identified potential conflict areas along trails. These
authors went a step further by using empirical insights from their study to suggest an
alternative conceptualisation in conflict theory. More examples of PPGIS in tourism con-
texts include Munro et al.’s (2019) study on the use of PPGIS in coastal tourism planning.
McCreary et al.’s (2020) study on getting place-based visitor information through PPGIS to
inform destination planning and in outdoor recreation activities (e.g. Heikinheimo et al.,
2020). Nikula et al. (2020) provide one example where PPGIS is used to collect residents’
views on land-use preferences and land-use values in a cross-border Finnish-Norwegian
case involving recreational values, scenic views, and other special nature values like
health and well-being. Another example is Kantola et al. (2018) who explores the use
of PPGIS in gathering tourists’ and locals’ views about their favourite places in a Finnish
tourism resort. In Table 1 we provide a summary of key PPGIS studies in land-use planning
in general and a few available examples on transportation planning in particular. Thus, the
use of PPGIS in tourism contexts is limited and almost unexplored in transportation plan-
ning for tourism. In fact, to our understanding, our study is the first to explore the use of
PPGIS for transportation planning in a Nordic tourism destination.

Study area

We conducted this study in Sälenfjällen. The destination is mostly famous for ski tourism
and is located in the municipality of Malung-Sälen, Sweden (Heldt et al., 2017) as in Figure
2. Sälenfjällen is approximately 410 km from the capital of Sweden, Stockholm, and
460 km from the second biggest city Gothenburg. Malung-Sälen municipality has had a

6 B. WALEGHWA AND T. HELDT



relatively steady population density with the slow growth of the local population while
witnessing an influx of many second homeowners and other visitors (Scott & Pashkevich,
2019). As of 31st December 2019, the local population in Malung-Sälen was 10,138
according to Statistics Sweden, SCB (2020). Of this population, about 2000 live in Sälenfjäl-
len throughout the year. Furthermore, Malung-Sälen is the starting point for Vasaloppet, a

Table 1. Summary of PPGIS studies.
Study Method Key outcome(s)
Brown and Kyttä
(2014)

Review of studies that used
internet and paper-based
mapping

The authors identified and discussed some of the key issues in
PPGIS which include diverse definitions of participatory
mapping, main theoretical and conceptual PPGIS
foundations, sampling, participation rates and issues of data
quality, integration of PPGIS data in planning The authors
highlight top PPGIS research priorities including: “(1)
understanding and increasing participation rates, (2)
identifying and controlling threats to spatial data quality, (3)
improving the “PP” or public participation in PPGIS, and (4)
evaluating the effectiveness of PPGIS”

Brown and Reed
(2009)

Internet-based PPGIS Results from the study demonstrate that internet based PPGIS
could be used in evaluating landscape values relevant for
forest planning. The authors highlight that place-specific
results are sensitive to the sub-populations under study and
that the internet PPGIS methods ought to be complemented
with traditional mail-based PPGIS methods if high
participation rates are to be achieved

Brown and
Weber (2011)

Internet-based mapping The authors show that PPGIS (although not without
challenges) can be an effective method in measuring visitor
experiences, environmental impacts, and facility needs for a
variety of park planning processes The authors also highlight
some of the challenges with using PPGIS in nation park
planning such as a challenge with involving visitors who
would like to enjoy their limited leisure time

Griffin and Jiao
(2019)

Online PPGIS, qualitative case
analysis

The authors report that online techniques (i.e. a smartphone
platform that logs trips, PPGIG) resulted in larger geography
for participation than in-person meetings, PPGIS covering
the most area

Kahila-Tani et al.
(2019)

Online PPGIS The authors identify the pros and cons of using PPGIS. Some of
the pros include the possibility to use PPGIS at various
phases and in diverse planning situations. An example of a
PPGIS con identified by the authors is technology stress and
information overflow

Pocezwizc et al
(2010)

A mixed-mode approach
combining paper and internet
mapping

The results show that the rate of participation was 2.5 higher
on the paper survey compared to the online one A lower
response bias was recorded on the paper survey than the
online one

Tang and Waters
(2005)

Web-based PPGIS The authors note that a successful web based PPGIS would be
influenced by factors such as accessibility by users and the
capacity of mapping servers

Wolf et al. (2018) PPGIS survey combining online and
paper-based mapping

PPGIS was effective in mapping simultaneous usage of trails to
predict conflict locations. Findings from the study were also
incorporated in a proposed conflict resolution model
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90-km race, arguably the world’s largest cross-country ski-race attracting participants
from all over the world (Vasaloppet, 2020). Sälenfjällen has developed as a predominant
ski tourism destination since the 1960s. See Table 2 for more information about the des-
tination such as number of ski lifts and visitation statistics.

In addition to benefits such as rejuvenating the local economy, tourism in Sälenfjällen has
brought about negative effects including the emigration of better-educated youths (Thule-
mark et al., 2014), and economic restructuring in Malung-Sälen municipality (Lundmark,
2005). In 2019, for example, a total of 473 in-migrants were recorded of which 88 were
from Dalarna County and the rest from other parts of Sweden and abroad (SCB, 2020).

Presently, one can access Sälenfjällen by car, or bus. Also, it is possible to travel there by
taking a train to the town of Mora and continuing by bus. Flying is an additional option.
Since December 2019, the new Scandinavian Mountains Airport serves Sälenfjällen (and
the cross-border destination Trysil on the Norwegian side) with both charter and sched-
uled flights nationally and internationally. Moreover, several options for traveling within
Sälenfjällen exist including but not limited to, ski buses, public buses, rental cars, and taxi
services (Destination Sälenfjällen, 2020). Figure 3 illustrates these current transportation
solutions in Sälenfjällen. Notwithstanding these characteristics, there are challenges

Figure 2. Sälen within Malung-Sälen municipality, Dalarna region, Sweden.

Table 2. Tourism infrastructure and guest turnover in Sälenfjällen.
Ski companies Ski infrastructure Guest nights/turnover (2016)

Stöten AB Kläppen Ski Resort AB
Skistar AB

A total of 126 lifts 186 slopes 250 km of
skiable tracks

4.8 million guest nights SEK 2.5 billion
turnover

Source: (Destination Sälenfjällen, 2020) Source: (Scott & Pashkevich, 2019)
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concerning transportation in Sälenfjällen. These transportation challenges are attributed
to varying demand levels, especially during the high seasons when in peak weeks 50,000
unique visitors arrive at the destination.

Materials and methods

As mentioned, we did the study as part of the Interreg Baltic Sea project MARA. There
were several cases across Europe within the project each with a specific focus. For the
Swedish case area Sälenfjällen, the special focus was exploring how PPGIS could be
used at the early stages of transportation planning. To achieve this goal, we collected
data on visitors’ perceptions of places needing transportation improvements.

Apart from data on perceived places of improvement, we collected spatial data of rel-
evance for visitors’mobility behaviour (i.e. on where they stayed and places they visited).
The study proceeded as illustrated in Figure 4 and explained in subsequent sections. More
details on the MARA project as well as the survey for collecting data can be found in
Alarcon et al. (2020).

Data collection

Survey design and sampling
We used a PPGIS survey containing standard survey questions and mapping questions to
collect information and preferences for transportation from visitors to Sälenfjällen over

Figure 3. Illustration of current transportation solutions in Sälenfjällen.
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five weekends beginning with the last week of February to the end of March 2020. To
facilitate participatory mapping from the visitors, the survey included mapping tasks in
addition to standard survey questions (Nikula et al., 2020). The standard questions
addressed the main reason for visiting, nights spent, lodging type, frequency of visit,
transportation mode(s), satisfaction with transportation, demographic information, and
finally visitors’ overall satisfaction with their stay. We developed the survey using the Map-
tionnaire tool, which “is a cloud service that allows anyone to create, publish and analyse
map-based questionnaires with an editor tool” (Kahila-Tani et al., 2016, p. 200). After
developing the survey, we conducted a pre-testing within the tourism research group
at Dalarna University and improved the survey accordingly. Moreover, to minimize selec-
tion in the sampling of the visitors, we employed an on-site strategy in which we
approached every 3rd visitor at checkout on pre-determined sites of the study. These
included the main ski slopes and lodging facilities as in Table 3. The respondents could
take the survey in either Swedish or English.

We distributed the survey online during the first 3 weeks of the study where participants
had two possibilities for taking the survey; an online link which we sent to their email address
or a QR-code. Thus, we provided tablets where visitors could fill in their email addresses and
receive the link right away. For the QR-code option, visitors could use their mobile phones to
scan and access the survey on the spot or take the QR-code as a printed copy and scan to
access the survey later. Upon receiving the link, respondents could use mobile phones,
tablets, or computers with an internet connection to answer the survey. Unfortunately,
during the first three weeks of data collection, the response rate was low. We came across
a few respondents who accepted to participate, scanned the QR code, and got access to
the survey, but then never completed as can be seen from Table 3. In the discussion
section, we elaborate further on the challenge of collecting data. From week four onwards
we shifted to a paper-based format of the survey. Respondents were approached and
asked to participate in the same way as previously but were also provided with pens so
they could fill the printed questionnaires on the spot. A higher response rate was recorded
on the printed version of the survey compared to the online version.

Unfortunately, the effects of Covid-19 resulted in the closure of Sälenfjällen in April
2020. Consequently, the data collection ended two weeks before the intended time. Not-
withstanding, we collected a total of 184 (45 online and 139 on paper) surveys and
included 162 of these for our final analysis. We have included the reasons for excluding
the surveys in Table 3.

PPGIS mapping task
The PPGIS mapping task included Sälen as the starting point for the interactive map as
Figure 5 illustrates. Specifically, this was the point in Sälen where the main road connect-
ing Sweden and Norway (road E66), continues through Sälenfjällen. Respondents could

Figure 4. Diagram of method protocol in the study.
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zoom in and out of the map for the online version of the survey. Respondents who filled in
the paper version of the survey could mark various places within Sälenfjällen such as
Hundfjället, Lindvallen, Stöten, Tandådalen, and Högsfjället hotel. To operationalize the
PPGIS mapping task, as mentioned earlier, the questionnaire had three mapping ques-
tions/possibilities: where were you staying during your visit to Sälenfjällen; my favourite
places in Sälenfjällen; and places in need of improvement in Sälenfjällen.

In addition to the possibility to mark places visited and places to improve, a question
on accommodation preference was added since a study by Heldt et al. (2017) showed that
the type of accommodation influenced travel behaviour, namely the choice for transpor-
tation mode to and from Sälenfjällen. For example, most visitors who had their cottages in
Sälenfjällen used their car for transportation.

Furthermore, the three mapping questions comprised additional follow-up questions:
“why do you prefer this location for your stay; why do you prefer visiting these places;
why do you think these places need improvement; and finally, what kind of development
do you think is needed?” For the follow-up questions, respondents could select a reason(s)
for the areas they marked based on choices comprising of transportation attributes as stipu-
lated in Table 4. Additionally, the questions were in part open-ended, making it possible for
respondents to indicate other responses than those provided in the choices. We adopted the
attributes from (Brown & Kyttä, 2014) and customized them to the purpose of our study.

Data analysis

We performed survey data management and analysis using SPSS- version 27. To learn
about the respondent and trip characteristics, we produced descriptive statistics

Table 3. Distribution of surveys over five weeks.
Weeks Dates Places in Sälenfjällen Visitors approached Links handed out

1 Wednesday 29/02/2020 Högfjällshotellet 19 11
Saturday 1/03/2020 Högfjällshotellet 20 11

Scandinavian Mountain Airport 17 15
2 Saturday 7/03/2020 Scandinavian Mountain Airport 8 7

Experium Ski Lodge 9 5
Sunday 8/03/2020 Experium Ski Lodge 21 6

Scandinavian Mountain Airport 14 5
3 Thursday 12/03/2020 Tandådalens check-in 7 11 3

Saturday 14/03/2020 Tandådalens check-in 7 9 6
Sunday 15/03/2020 Scandinavian Mountain Airport 16 9
Total (week 1-3) 144 78
Surveys handed out

4 Saturday 21/03/2020 Lindvallen 66 41
Sunday 22/03/2020 Tandådalen 25 22

5 Saturday 28/03/2020 Hundfjället 68 55
Sunday 29/03/2020 Stöten 32 21

Total (Week 4 −5) 191 139
Total (week 1-5) 335 217
Total returned surveys 184
Total excluded 22
Total surveys analysed 162

NB: a) The 22 surveys were excluded because of pilot testing responses (11); incomplete surveys (2), non-visitors (8), and
under 18 years (1). b) We were at the destination only on weekends during check-out times (9 am-12 pm) and peak ski
times (10:30 am −3 pm). We were also there on some Wednesdays and Thursdays whenever there were flights depart-
ing from Sälenfjällen

Source: Survey design documentation

SCANDINAVIAN JOURNAL OF HOSPITALITY AND TOURISM 11



indicating gender, age, country, the main reason for visiting Sälenfjällen, frequency of
visit, trip duration, transportation mode to and within Sälenfjällen, and a possibility to
visit again. Furthermore, we performed an analysis of mapped responses using QGIS
(e.g. Skriver Hansen et al., 2021). However, to begin with, we transferred all the paper
surveys to Maptionniare after which we exported all the pointed data to QGIS for
further analysis. However, a limitation with this procedure is that some precision might
have been lost especially when transferring the mapped responses placed on paper
surveys. That aside, we conducted a further spatial analysis in QGIS to get a visualisation
of a summary of point-based data.

Figure 5. Interactive survey on the Maptionniare interface.

Table 4. Attributes mapped by respondents.
Accommodation preferences Places visited Places to be improved

Traveling within the location is easy Walking is easy Walking is complicated
The atmosphere is relaxing I have my cottage here The use of a private car is

complicated
The atmosphere is child friendly Use of a private car is easy The use of public transportation is

complicated
I can do trail-based activities at the location e.g.
cross-country skiing

The use of public
transportation is easy

Traffic is hectic

Traffic is calm Other reason
The use of public transportation is easy Other reason Suggested improvements
My cottage is located here The area needs a new road
The location is close to ski slopes The parking area needs

improvement
Other reason A charging port for electric cars is

needed
The area needs better signage
Other improvements

Source: (Brown & Kyttä, 2014)
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Results

As noted, our study is considered exploratory according to the PPGIS methodological fra-
mework by Fagerholm et al. (2021). In exploratory PPGIS, data description and visualisa-
tion are fundamental methods, in contrast to predictive/modelling PPGIS studies where
methods such as cluster, multivariate, and predictive analysis are common. In the sub-
sequent section, we first show survey results followed by visualisation of the mapping
results.

Standard survey results

In terms of representation, as Table 5 shows, most respondents were female. Many of the
visitors were from Sweden and a few from other countries including, the United Kingdom,
and the USA. The results also indicate 33–47 years as the group with the most respon-
dents, representing 45 percent of the total responses. Table 5 also shows results indicat-
ing, albeit not surprisingly, that most visitors used their car for transportation to and
within Sälenfjällen. Other modes of transportation that visitors used to Sälenfjällen
included company cars, flying, and train. For traveling within Sälenfjällen, visitors used
their car, bus, rental car, taxi, walking, and a combination of several transportation modes.

Mapping results

As mentioned earlier, the survey included PPGIS mapping tasks with three questions on
accommodation, places visited, and places in need of improvement. Interestingly, respon-
dents’ overall engagement in the mapping exercise was relatively high. Out of the total
162 surveys we analysed, 142 (88%) engaged in the mapping exercise. The engagement

Table 5. Description of respondent and trip characteristics.
Variable Responses Variable Responses

Gender Transportation to Sälenfjällen
Female 83 Own car 126
Male 63 Company car 10
Third gender 1 Flying 8
Country Train 1
Sweden 141 Transportation within Sälenfjällen
International 9 Bus 4

Own car 88
Rental car 2

Age Taxi 6
18–32 41 Walking 18
33–47 67 Combined modes 14
48–62 32 Did not travel around 18
63–77 8 Length of stay
Main reason for visiting 0–2 days 19
Alpine skiing and other activities 121 3–5 days 63
owning a cottage 21 6–9 days 69
Other reasons e.g. nightlife 20 >9 days 11
Frequency of visit Returning in the next 3 years
First time 12 Yes 146
Less frequent than 1 time/year 90 No 1
2–3 times/year 31 Unsure 15
More frequent than 3 times/year 24

Source: Survey results
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in mapping varied between online and paper surveys. Interestingly, it was on the paper
surveys and not the online ones that most markers on average were placed. As Figure 6
illustrates, a total of 398 unique markers were placed by visitors.

Place-based visitor preferences for accommodation
To show visitors’ preference for accommodation, we asked the question “where were you
staying during your visit to Sälenfjällen?”. This was a simple question, which also served
the purpose of getting the respondents familiar with the mapping part of the study.
Respondents who answered online could place a marker in reply to this question. The
respondents who answered on paper had several options to indicate their chosen
places for accommodation. These choices were, Lindvallen, Högfjället hotel, Tandådalen,
Hundfjället, Stöten, Kläppen, Sälen by or another site. Out of the 398 total markers, 139
indicated visitors’ location for their accommodation as Figure 7 shows. Based on the con-
centration of the markers, the results show most visitors stayed around Tandådalen fol-
lowed by Lindvallen, Högsfjället, and Hundfjället in that order.

Place-based visitor preferences for activities
To get an idea of respondents’ mobility preferences, the second mapping question
related to places they preferred visiting in Sälenfjällen. To operationalize this, a
mapping section on “my favourite places in Sälenfjällen” was included and followed by
a pop-up question “why do you prefer visiting these places?”. As Figure 8 shows, a
total of 220 markers were placed in response to this question.

Figure 6. All markers placed by visitors.
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Place-based visitor preferences for improvements
The final mapping question was the one intended to be of most value for transport plan-
ning in its early stages. In this question, respondents had the opportunity to mark places
in need of improvement and suggest the type of improvement to be made. In response,
as is in Figure 9, a total of 39 markers were placed. As mentioned earlier, this question
received the lowest number of markers in comparison to questions about accommo-
dation and places visited. Perhaps marking places to improve seems to have been the
most demanding of all the mapping tasks. This led to a relatively lower number of
markers placed. In this case, respondents also placed most markers around Tandådalen
and Hundfjället areas. Despite its exploratory nature, our study suggests that Tandådalen
and Hundfjället receive the most visitors, host most visitor activities, and need the most
transportation improvements.

Surprisingly, although very few markers were placed in places to improve, answers we
received on the open-ended question about “suggestions for improvements”, point to
needed improvements in Sälenfjällen. Examples of improvements highlighted by respon-
dents include those in Table 6. In summary, the visitors indicated the need to maintain
existing transportation infrastructure like roads and to build new infrastructure such as
walking paths.

Discussion

Improving early stages of transport planning processes using PPGIS

Previous studies have noted the importance of using PPGIS in getting publićs values to
inform management and land use planning (e.g. Brown, 2017; Kahila-Tani et al., 2016,

Figure 7. Markers indicating accommodation preferences of visitors.
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Figure 8. Markers indicating visitors’ preferences for activities.

Figure 9. Visitor preferences for improvements.
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2019). In this study, we set out to explore the usability of the PPGIS approach in providing
insights at the early stages of transportation planning in Sälenfjällen, Sweden. At this
stage in the planning process, the focus is on understanding the challenge from
different stakeholder perspectives. Although this study is limited to one stakeholder,
the visitors, the details on consumer preferences and perceived transport challenges
like lack of walking paths, areas for congestion, or places that need electric charging
posts, are crucial inputs into a planning process. In addition, understanding visitors’ trans-
portation preferences using PPGIS surveys could potentially promote their environmen-
tally-friendly behaviour (Kelly et al., 2007) by for example including questions on
visitors’ willingness to use alternative mobility solutions.

Our results about respondents and trip characteristics show the potential of PPGIS in
providing information to planners on the composition of the stakeholder group under
study, which in this case was the visitors to the area, while also indicating the possibility
of collecting non-spatial data (McCreary et al., 2020) such as modes of transportation used
by visitors. The PPGIS mapping task gives insights on the use of space, (i.e. locations)
where visitors perceive to be having transportation challenges.

Findings from our study indicate, unsurprisingly, that the car is the predominant mode
of transportation for visitors to Sälenfjällen. This could partly be because the destination
has a sprawled land use pattern, where cottages are spread out, and there is limited public
transport. This is not unique for Sälenfjällen as the situation is similar in other winter des-
tinations internationally, including Whistler in Canada (Reilly et al., 2010).

This finding on the dominance of car use has important implications for transport plan-
ners at the municipality and destination level as it indicates continued demand for among
others, parking spaces, but more likely parking spaces with electric charging options, fol-
lowing the shift towards electrified vehicles at the destination (Heldt et al., 2017). Further-
more, this result also raises intriguing questions about the not-so-frequent use of public
transportation to and within the destination. Given the importance of early involvement
in transportation planning processes (Cascetta & Pagliara, 2013), specifically in Sweden as
in our case, this finding could be seen as a departure point for future studies to under-
stand public transportation usage within the destination and addressing individuals’ will-
ingness to and prerequisites for alternative mobility solutions. As has been explored in
Whistler by Reilly et al. (2010), studies on individuals’ willingness to shift their transpor-
tation could use choice methods to examine tourists’ transportation behaviour and
their likelihood to shift their transportation choice based on the management options
given to them. Regional transport planners could potentially collaborate in such a

Table 6. Some examples of suggested improvements by visitors.
Suggested improvements Examples of comments

Maintenance “No maintenance of walkways during winter, one must walk on roads together with
traffic”

Charging posts for electric cars “More charging posts for cars. Quick charger - yes please!”
Need for more parking areas “More parking spaces near the slopes”, “More parking- outside seating”
Need for walking and cycling
routes

“Walking and cycling route”

Improvement of road E66 “Improvement of Route 66 is needed”, “the road must be cleaned up”
Traffic congestion “Little traffic, but crowded and very often traffic in the middle of the road-usually

stroller”

Source: Open-ended responses from surveys
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study as they are the main stakeholders who coordinate public transportation in Sweden
(Tornberg & Odhage 2018).

Mapped responses from our study show the area around Hundfjället and Tandådalen
as needing most transportation improvement. This could inform planning and manage-
ment initiatives at the destination level by indicating where they could strategically
direct available resources when designing interventions to address the transportation
challenges. Also, developing destinations such as Sälenfjällen, to become more sustain-
able requires the input of data about environmental, economic, and social aspects
(Hall, 2008). Broadly, while the economic, and environmental aspects are well addressed,
the opposite is true when it comes to the social aspects (Tyrväinen et al., 2007). As Skriver
Hansen et al. (2021) also argue, PPGIS adds a social input of value for planning. Addition-
ally, PPGIS could be used by municipal and regional planners to elicit place-based input
from the public (e.g. Munro et al., 2019; Nikula et al., 2020) when planning the construc-
tion of new roads and maintenance of existing ones.

Just as has been argued in other PPGIS studies, our study raises the possibility that
PPGIS surveys, although not without challenges, offer an opportunity to collect spatial
information on the public’s perceived view about a planning challenge. PPGIS could,
for example, be used in future transportation planning studies to analyse gender or poss-
ibly other socio-economic differences important for the early stages of planning.
However, we should note that a participatory mapping design for a PPGIS study is
influenced by several factors. These include what is mapped (attributes), who is
mapping (sampling), the reason for mapping (purpose), how the mapping is done (i.e.
the technology used), and the location of the study (where the mapping is conducted)
(Brown & Kyttä, 2014, p. 6). These factors are unique to each study. To highlight the oppor-
tunities and challenges in PPGIS data collection, we discuss each of these factors based on
insights from our study.

Opportunities and challenges in PPGIS data collection

PPGIS surveys are advantageous, unlike typical PPGIS studies where the focus is mostly on
mapping questions. Adding surveys into the PPGIS process makes possible the mixing of
different data collection strategies. This, in turn, addresses the inherent challenges of
using just one method (e.g. Heikinheimo et al., 2020). However, collecting substantial
amounts of data through PPGIS is both an opportunity and a challenge. It particularly
becomes a challenge to get participants to become motivated enough to answer all
the questions and engage in mapping. Consequently, there is a trade-off between com-
plete surveys and the number of markers placed. Also, as mentioned earlier, what is
mapped, who does the mapping, the reason for mapping, location for mapping and
the technology used, influence markers placed, and general outcome of a PPGIS study.

The main categories of what could be mapped in a PPGIS study include but are not
limited to, development preferences, place qualities, landscape values, and participant
experiences (Brown & Kyttä, 2014). The mapping exercise in our study was closely
related to our purpose which focussed primarily on exploring how PPGIS could be
used at the early stages of transportation planning in a tourism context. The mapping
exercise thus included questions on visitors’ preferences for transportation improve-
ments, places they enjoyed visiting, and their accommodation preferences. There is a
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noticeable variation in the number of total markers placed between each of the mapping
questions. Our results show that most markers were placed indicating places visited, fol-
lowed by accommodation preferences, while those places in need of improvements (the
last question) received a much smaller number of markers.

Interestingly, the question on places visited had the most markers. Indications from
this result in comparison to the question “places to improve” could be threefold. One is
that respondents had more places they preferred visiting in Sälenfjällen than places
they wished were improved. Secondly, arguably the positioning of the question could
have affected the markers placed. Lastly, marking places visited or rather favourite
places could have been less demanding than marking places to improve. It seems poss-
ible that the few markers placed on the last question is due to a rather technical demand
for PPGIS mapping. As Christine Dunn (2007) cautions “… although web-based GIS allows
non-experts to visualize and manage geographical data interactively there are still tech-
nical demands of the user in terms of basic GIS skills… this could lead to participants
feeling frustrated or manipulated” (p. 11).

Likewise, the sample, that is those who do the mapping does influence the outcome of
a PPGIS mapping activity. “Mapping participants include stakeholders, broadly defined,
such as residents or visitors to an area, experts or non-experts, and decision-makers or
decision-takers” (Brown & Kyttä, 2014, p. 6). The sample in our study included visitors
to Sälenfjällen. . The maps (which turned out to be quite similar) from our study show,
the visitor’s geographical knowledge is limited to areas where they had accommodation
and places they went to while at the destination. Hence further studies with other stake-
holders (e.g. residents, second homeowners, business owners) with more geographical
knowledge of Sälenfjällen are needed to identify areas that need transportation improve-
ments within the destination. In addition, it is a challenge to encourage higher partici-
pation rates from visitors who are in most cases less invested in a destination and who
have limited time which they want to use for other touristic activities and not to fill
surveys (Brown & Weber, 2011). Thus, if a study aims to gather knowledge from the sta-
keholders to use it in a transportation planning process, it could be valuable to include the
various stakeholders in a single study. This will be beneficial as it will not only ensure the
geographical knowledge from each stakeholder group is complemented but could also
lead to a higher response rate.

The location where mapping is done is yet another factor that influences the mapping
activity. The mapping could be done in the field or a built environment (e.g. in the office,
at home, etc.) (Brown & Kyttä, 2014). The location for mapping in our study included both
the field (resting places near ski slopes) and built (various hotel lobbies and the Scandi-
navian Mountain Airport check-in bay). For mapping on the field, the visitors could fill
the survey on the spot whereas, in the lobbies/airport option, visitors could scan a QR
code or leave their email address to get the survey link and fill it in later. Our goal of
including the option to scan the QR code was to provide the visitor with more possibilities
to participate. But this meant that the visitors would by de facto end up using their
phones to answer the survey. And this in part explains the low response rates on the
mapping activity from the online version of the survey since participants might have
been frustrated by the relatively small screen size of mobile phones.

Another possible explanation is that the online option made it easier to drop out and
not complete the survey given that very few online surveys were returned. Thus, future
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studies should consider encouraging participants to use devices such as computers or
tablets for example by having these devices on-site for participants to use straight
away. Moreover, finding a suitable incentive that works for an online survey, lottery
ticket, or gift voucher, that could be delivered upon completion, seems like another
issue that could be explored further in terms of whether the incentives could elicit
higher participation rates and the ethical dimension of using incentives in PPGIS
studies. To add on, given the challenges with surveying which are not unique to PPGIS,
it would be beneficial to combine several methods in a single study (Skriver Hansen
et al., 2021) such as interviewing expert planners and workshops with residents.

Also, the mapping technology used could vary from print to digital media (e.g. Brown &
Kyttä, 2014; Brown & Reed, 2009). As mentioned earlier, we collected data using an online-
based survey during the first 3 weeks and shifted to a paper survey in the last 2 weeks.
This was due to the very low response rate related to the online surveys. In contrast,
the paper-based survey had a higher response rate. Additionally, respondents placed
more markers on the paper surveys than on the online ones. The limitation we experi-
enced with the paper survey related to having to digitalise the markers placed by respon-
dents. Just as noted by Brown and Reed (2009), digitalising the markers was time-
consuming and some precision might have been lost in the process. In contrast, the
surveys answered online did not present these challenges.

To add on, the very low response rate from the survey online compared to the paper-
based version was unexpected given our presumption that the digital tools would be
beneficial as Griffin and Jiao (2019) and Tang and Waters (2005) argued. After all, one
expects that the internet presents new opportunities that paper-based surveys lack
while Dunn (2007) clearly indicates “at one level, web-based GIS [] has the potential,
theoretically, to reach a limitless number of people and to elicit views rapidly and efficien-
tly” (p. 10). Also, internet-based applications may reduce the overall cost of data collec-
tion, reduce the time required for data entry, and lead to increased precision in a
mapping exercise (Denwood et al., 2022; Pocewicz et al., 2012). To some extent, like in
the case of the results in our study, research by Pocewicz et al., found out that using a
paper-based version of their PPGIS survey resulted in a “higher response rate, reduced
participant bias, and greater mapping participation”. This leads us to ask the question:
How can we encourage respondents to respond to digital PPGIS surveys given the numer-
ous advantages that this approach can lead to?

Conclusions and future research

The main aim of our study was to explore the usability of PPGIS in collecting data of rel-
evance at the early stages of transportation planning in Sälenfjällen, Sweden. In this study,
we have shown that PPGIS surveys provide the possibility to gain detailed information,
which includes standard survey data and place-based insights. This information is
especially important at the early stages of transportation planning in tourism destinations
where it is important to get all stakeholders’ views on the transportation challenges. Thus,
our study lays the groundwork for future research, transportation planning, and manage-
ment interventions in addressing for example the predominance of car use and the per-
ceived unattractiveness of public transport alternatives in Sälenfjällen, which is a general
challenge in many winter tourism destinations not only in the Nordic countries. It also
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leads to calls for further investigation of the overall mobility challenges at the destination,
which seem to mostly exist in the area around the two biggest ski slopes Hundfjället and
Tandådalen, but also includes overall destination’s adaptation to for example future scen-
arios with 100% e-car fleet and autonomous vehicles.

In retrospect, the challenges we experienced in this study mostly relate to issues of
sampling and a low response rate to the survey. These are similar to experiences in
other recent studies using PPGIS in a tourism context. In addition to sampling challenges
in PPGIS studies, the Covid-19 crisis during the data collection stages of the study is likely
to have further contributed to the sampling challenges and low response rate. Notwith-
standing the challenges, PPGIS seems to have a great potential in providing useful
insights to inform tourism destination management and transportation planning
decisions. In this study, we have explored the preferences of one stakeholder group, visi-
tors to the area. However, given visitor’s geographical knowledge is mostly limited to
areas for activities and accommodation facilities, comprehensive planning for a sustain-
able destination should, of course, include preferences of residents and business
owners and their needed transport improvements during different seasons in Sälenfjällen
to identify bottlenecks within the destination to further inform planning and manage-
ment decisions. We see future studies particularly addressing the problem of sampling
and engaging respondents to participate in a PPGIS study, recognizing that different
incentives may be needed for the different stakeholder groups.
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