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that multiple SDSSs have been developed for MSP, they are

support systems (SDSSs) can be effective tools for analyzing problems in MSP, for example, the impact of human activities on marine ecosystems. However, despite the fact
rarely used in real-world MSP processes. We aim to provide
insight into stakeholders' understanding and perception of
the appropriateness and completeness of SDSSs in an MSP
stakeholder meeting. We studied whether SDSSs can benefit from being integrated into CGIS to support alternative
methods for problem exploration and solving in groups. The
results show that most, but not all, stakeholders understood
well or fairly well what the tool does and how to use it,
and agreed that the tool was appropriate and had the necessary requirements for problem solving. The results also
show that problem exploration and solving with an SDSS
in groups can benefit from the tool being integrated into a
CGIS. Further research is needed to find effective solutions
to overcome stakeholders' challenges in using GIS, and to
develop flexible solutions that enable alternative problem-
solving methods.
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1 | I NTRO D U C TI O N
Maritime spatial planning (MSP) is a relatively new approach to managing human use of the sea and ensuring protection of the marine environment at a time when demand for sea space is increasing. MSP is a highly participatory
process, often dealing with transboundary issues (Morf, Kull, Piwowarczyk, & Gee, 2019), and thus tools need to
adapt to collaborative settings with heterogeneous user groups. To empower MSP stakeholders, they need to be
able to actively participate in the process, beginning from its early stages (Pomeroy & Douvere, 2008). GIS can
enable a shared understanding of geographic phenomena and their interdependencies, which makes maps and
GIS well suited for facilitating collaboration in decision-making (MacEachren, 2000). GIS largely follows the trends
in computer science, and the availability of new technology dictates its evolution (Armstrong, 1994). However,
while software that supports group work has become widely popular for other areas (e.g., Google Docs), GIS is
still dominated by desktop systems.
Studies have found that generic desktop GIS are too complex for collaboration in decision-m aking processes (Jing, Zhu, Fu, & Dong, 2019; Merrifield et al., 2013). Dedicated spatial decision support systems
(SDSSs) aim to provide more suitable spatial systems for decision-m aking (MacEachren, 2000). Partly fueled
by the EU MSP-D irective (EU, 2014), “the world's first legal requirement for countries to create transparent
planning-a t-s ea systems and to co-o perate with their neighbours to make it happen” (Friess & Grémaud-
Colombier, 2019), there has been a rapid increase in developing new SDSSs for MSP. These SDSSs aim
to support planners in tasks, such as the allocation of space and assessing cumulative impacts of human
activities on marine ecosystems (Stelzenmüller, South, Foden, & Rogers, 2013). However, current SDSSs
are reported to see little use in real MSP efforts (Pınarbaşı et al., 2017), mainly because SDSSs in MSP face
challenges when used in group settings and lack the flexibility needed to identify and resolve transboundary
conflicts. For example, SDSSs in MSP tend to enable users to manipulate weights of criteria, or even the
criteria themselves, but are based on predefined problem definitions. Many political problems are characterized by disagreements over the definition of the problem, not the criteria used in the problem-s olving
analysis (Ramsey, 2009).
There are a range of studies in the context of combining decision-making, collaboration, and GIS, where the
field is described through terms such as “geocollaboration,” “collaborative spatial decision-making,” and “collaborative GIS” (Sun & Li, 2016). In this study, we adapt the term collaborative GIS (CGIS) to describe any GIS that
is designed to facilitate collaboration between groups of people with different interests in decision-making processes. CGIS can be categorized based on their temporal and locational mode of operation (Armstrong, 1993).
Groups of people use the systems either at the same time or at different times, and in the same location or at
different locations.
This article presents a study where we observed the use of a same-time, same-location system, that was developed by integrating an SDSS for ecosystem analysis with a CGIS, and then used in a real-world collaborative
MSP planning session. The aims of the study were as follows: (a) to get insight into MSP stakeholders' understanding of what SDSSs do and how they are used within real-world collaborative MSP planning sessions and how the
users perceive the appropriateness of SDSSs in such a session; and (b) to study what type of benefits there are in
integrating an SDSS with a CGIS for problem exploration and solving in same-time, same-location collaboration
in MSP. In the study, the workshop participants used the built system to work simultaneously in a shared-map
environment. The SDSS part of the system performed spatial multi-criteria analysis, while the CGIS part provided
tools for drawing objects and accessing additional datasets from third-party providers. Data for the study were
collected through a questionnaire that was presented to the participants after the task and naturalistic observations. In Section 2 we provide background for our case study. In Section 3 we present the materials and methods
that were used for the case study. In Section 4 we present the results of the study. In Section 5 we discuss the
results of the study, make recommendations for planners and developers, as well as propose further research. In
Section 6 we draw our final conclusions.
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2 | BAC KG RO U N D
The main aims of MSP are achieved by promoting collaboration between nation states and relevant MSP
stakeholders in transboundary contexts (Kull et al., 2019). Stakeholder involvement at a state and transboundary level throughout the MSP process is a requirement of the MSP Directive to ensure the legitimacy of decisions (Zaucha, 2014) and is necessary to understand planning problems and develop planning practices (Morf
et al., 2019). However, stakeholder involvement can vary in interactivity from communications, where stakeholders are the recipients of information, to negotiations, where they participate in a collaborative decision-making
process (Pomeroy & Douvere, 2008).
Whilst attitudes towards stakeholder involvement and participatory processes vary from country to country, face-to-face interaction and constructive dialogue have been found to produce beneficial outcomes, which
are not achieved through other measures such as public hearings and commenting procedures (Flannery &
Ó Cinnéide, 2012; Pelzer, Geertman, van der Heijden, & Rouwette, 2014). Further, it has been argued that stakeholders and decision-makers are likely to gain practical benefits such as conflict prevention and an improved
knowledge base from a more interactive participatory process where the stakeholder and the decision-makers
collaboratively create and share knowledge and information (Morf et al., 2019).
Planning experiences in the Baltic Sea region, which is a pioneering region when it comes to MSP, have suggested that collaboration at state and transboundary levels is challenging. However, the development of stronger
participatory processes and tools is seen as one of its key enablers (Kull et al., 2019; Pınarbaşı et al., 2017). GIS
is an effective way to contextualize discussion and expression of issues and preferences when they have a spatial context (Talen, 2000). Desktop GIS are frequently used in decision-making processes. However, they adapt
poorly to collaborative settings because the problem is ill-defined, and they lack the tools to support collaboration
and decision-making directly (MacEachren, 2000). Desktop GIS are also far more complex systems than what is
needed in collaborative decision-making (Jing et al., 2019).
SDSSs aim to solve some of the challenges of GIS in decision-making processes. In recent years, many SDSSs
have been developed for MSP, for example to compute the present and future impact of human activities on marine ecosystems and analyzing sea use conflicts (Depellegrin et al., 2017). These tools often integrate multi-criteria
analysis with GIS to allow users to evaluate, compare, rank, and examine decision alternatives (González, Kelly, &
Rymszewicz, 2020). However, few decision-making tools are being used in real-world MSP (Pınarbaşı et al., 2017),
and most of the developed SDSSs are aimed at single users, adapting poorly to collaborative settings. The debate
about issues of the use of SDSSs in collaborative settings has emerged in the scientific literature from time to time
during the past few decades (e.g., Armstrong, 1993; MacEachren, 2000; Ramsey, 2009). While many technical
hurdles have been overcome during that time, adapting SDSSs to collaborative settings is still a challenge today.
One challenge is that, like desktop GIS, SDSSs tend to be complex to use for novice GIS users, which is an
obstacle for stakeholders' effective interaction with the system and systems transparency. Stakeholders in MSP
include people with vastly different goals, motivation, expertise, and skills (Pomeroy & Douvere, 2008). Most
stakeholders are not experienced GIS users. Studies have found that MSP stakeholders struggle with even simple
GIS, due to a lack of experience with such software (Merrifield et al., 2013; Talen, 2000). Because of this, paper
maps are still widely used in MSP workshops. However, paper maps are not as effective as GIS at representing
spatial complexity, where a lot of data from different themes need to be displayed, and they also cannot respond
to and interact with the user (Talen, 2000). Digital maps have been shown to provide better spatial accuracy
when collecting data from users (Yabiku, Glick, Wentz, Ghimire, & Zhao, 2017). When stakeholders fail to understand what the system does, or how to use it, they are limited in how they can contribute to the planning. This
is problematic as MSP is already a power-laden process (Flannery & McAteer, 2020) and stakeholders with more
experience with GIS will have an edge over other stakeholders, which will introduce further bias to the process.
Stakeholders are also more likely to trust, and therefore use, decision support tools that are robust and transparent (Rose et al., 2016). When stakeholders do not understand complex analyses performed by SDSSs, it creates a
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conception that decisions are made by programs on subsets of information sources and specific stakeholder input
(Collie et al., 2013). When there is a lack of equity and transparency, the wider acceptance of planning outcomes
and claims about democratic decision-making suffer (Dragićević & Balram, 2004). Developing GIS for novice users
in decision-making processes can empower stakeholders to participate, making them more invested in the processes, and making the processes more transparent (Merrifield et al., 2013).
Several solutions to overcome the lack of GIS expertise by MSP stakeholders have been suggested by
researchers, including the use of GIS facilitators, education, and training, as well as developing user-f riendly
systems. GIS facilitators can be used to help stakeholders with the use of these systems. However, there
have been concerns that these facilitators may introduce further bias (Talen, 2000). GIS facilitators should,
therefore, be neutral (Ramsey, 2009). While GIS facilitators can help participants to quickly overcome issues
in the use of tools, the limited time in collaborative sessions may limit the ability of these facilitators to help
stakeholders understand complex methods that the tools use to achieve their outcomes. Education and training have also been suggested as solutions to overcome the lack of GIS expertise from MSP stakeholders (e.g.,
Pınarbaşı et al., 2017). However, when systems are highly complex, it requires significant time and motivation
from stakeholders. Decision theater is a method that involves same-t ime, same-location collaboration in a
theater-like environment where expert and non-e xpert participants’ decisions are facilitated by data-d riven
approaches, including models and data visualizations (Boukherroub, D'amours, & Rönnqvist, 2018). The
method can provide an appropriate environment to use SDSSs in MSP, but whether these environments are
suitable for MSP needs to be further investigated. Several studies have concluded that MSP needs simple and
easy-to-u se decision-m aking tools for stakeholder interaction (e.g., Collie et al., 2013; Pınarbaşı et al., 2017).
However, there is a conflict between the need for simple and easy-to-u nderstand systems and the complex
solutions required by the complex nature of many issues in MSP. More research is needed to understand how
these suggested solutions work in real-world planning, where planners need to produce meaningful outcomes
that support MSP, while making sure that stakeholders understand how their interactions with the system
impact the outcomes.
A second challenge that SDSSs face when adapting to collaborative decision-making is that they predefine
aspects of the problem solving that stakeholders may not agree with. Ramsey (2009) argued that CGIS has two
objectives: (a) to support group problem-s olving activities; and (b) to support exploration of diverse problem
understandings by collaborators. GIS designed to support one of the objectives is often ill suited for the other
(Ramsey, 2009). Maximizing equity requires that the problem is deliberately explored together with stakeholders before imposing any structuring on the problem (Ramsey, 2009). However, in a process like MSP that has
widespread national and cross-b order implications, and, therefore, involves a large number of stakeholders
representing various sectors, such an approach can be difficult to implement in practice because it requires
significant investments of time from both planners and stakeholders, and there is no guarantee that stakeholders will find an agreement on preferred analytical methods, or that the methods will produce an optimal
outcome. Predefined data is also challenging in other ways. Due to the complexity of marine environments
and temporal fluctuations, data in MSP often has many uncertainties, and data in MSP may also include bias
that under- or over-represents stakeholder groups (Shucksmith & Kelly, 2014). Stakeholders may be unaware
of these issues in predefined data if planners fail to communicate it to them, in which case they might be overconfident in the solution, or bias in the data may be transferred to the final plans. In contrast, if stakeholders
notice critical shortcomings in the data, they might be reluctant to accept the outcomes of results that are
based on them.
Nevertheless, MSP needs computational methods to support collaborative settings. For example, studies have
shown that it is unlikely for stakeholders to find optimum locations for marine protected areas without the support of computational methods (Rassweiler, Costello, Hilborn, & Siegel, 2014; Ruiz-Frau et al., 2015). Armstrong
(1993) argued that SDSSs need to be used in collaborative settings out of necessity, in other words, despite the
issues, the positives of using SDSSs in collaborative settings still outweigh the negatives.
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3 | C A S E S T U DY M ATE R I A L S A N D M E TH O DS
As discussed in the previous section, there is a need to understand how SDSSs, especially those based on spatial
analysis, can better adapt to collaborative settings while remaining useful for the context of MSP. Instead of building a separate SDSS, we integrated a model that is based on spatial multi-criteria analysis into a flexible and easy-
to-use CGIS, Baltic Explorer (http://balticexplorer.eu/). The integrated tool was used in a real-world case study
where participants collaborated to determine suitable sites for wind farms. Developing the analysis tool with the
planners, rather than stakeholders, and into an existing system, enabled rapid development of the model-based
analysis tool with relatively few resources compared to developing it as a separate SDSS.

3.1 | Stakeholder workshop
The stakeholder workshop was held in Riga, Latvia on February 20, 2020. The workshop was organized
by the Latvian Institute of Aquatic Ecology and the Latvian Ministry of Environmental Protection and Regional
Development (Figure 1). The planning process leading up to the finished product published in 2019 in Latvia was
orientated towards maximizing stakeholder engagement and communication, as well as the establishment and
retention of stakeholder–planning authority rapport (Veidemane, Ruskule, & Sprukta, 2017), and the workshop
was organized as part of the wider strategy to keep the stakeholders engaged, informed, and ready for further collaboration in the second planning cycle. The workshop was aimed at high-level stakeholders, including representatives of ministries, regional planning authorities, the Latvian Nature Conservation Agency, and non-governmental
organizations previously involved in the Latvian MSP process, and they were invited by the hosting institutions
personally. The workshop was seen as an appropriate environment to test the tool, as the participants had experience of the planning process, domestic, and transboundary collaboration, and this put them in an advantageous
position to provide feedback. 55 individuals from 26 institutions attended the workshop, out of which 24 individuals (20 female and 4 male) participated in the interactive session.

F I G U R E 1 Participants worked in two groups that gathered around a large table. Each group could use a
large touchscreen device, a tablet computer, and a laptop PC provided by the organizers, as well as their personal
devices (Photograph: Margarita Vološina)
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Further, within the official Latvian Maritime Spatial Plan (Latvia Ministry of Environmental Protection
and Regional Development, 2019), existing and future users have been assigned space for their activities,
however some of these are marked as potential sites due to the need for further analysis. The offshore wind
energy sector, for instance, has been considered to be strategically important; however, further knowledge
and analysis is needed to make sure that the developments do not have negative socio-e conomic effects and
impacts on the marine environment. The well-e stablished relations with stakeholders and clearly identified
future challenges in decision-m aking were the central reasons for choosing the Latvian planning context for
the case study.
The workshop was divided into two parts, first an introduction and presentations, including a 20-min-long
presentation and demonstration of the Baltic Explorer and the analysis tool, followed by the interactive session.
The interactive session was 1 hr long, and participants were asked to “identify a new wind farm site in marine
waters under the Latvian jurisdiction” using the developed system. They were also asked to consider at least two
criteria for determining the spatial suitability of sites. One of these was depth limitations for the development of
offshore wind farms, the other spatial restrictions due to the presence of vulnerable habitats. Participants worked
in two groups of 12 people. Participants in both groups worked in a round-t able fashion with a large touchscreen
device running the developed system at the end of the table (see Figure 1). In addition, participants were given
the option to use their own devices. Each group also had a laptop PC and a tablet computer that they could share.
Both groups were complemented with a GIS facilitator who ensured that the technical issues did not cause delays
or stoppages in the planning activities.

3.2 | Combining the SDSS and CGIS
For the study, an ecosystem assessment SDSS based on spatial multi-criteria analysis was integrated into a CGIS
(Baltic Explorer) as an analysis module. The main purpose of the tool is to provide information about the presence
of marine components that characterize the presence of vulnerable sea habitats. The model uses spatial intersection and union analysis with five pre-processed data layers. The source data for the tool were 3,189 points
collected by divers, that included attribute data about the coverage of ecosystem components, stones, mussels
(Mytilus trossulus), two types of perennial algae (Fucus vesiculosus and Furcellaria lumbricalis), and annual algae,
from the area around the source points. The source data were pre-processed using inverse distance-weighted
interpolation for each attribute of interest, resulting in five raster layers containing the coverage of each criteria.
A Geospatial Data Abstraction Library was used to implement all processing of data.
The user interface (UI) of the analysis module is designed to help novice GIS users, by visualizing the
whole process step-by-s tep in a menu at the side of the screen, while keeping the map view visible at all times
(Figure 2). For each step, the UI provides an info button that expands a text box with information about the
step. Step 1 introduces the source data. Users can view the source data on the map by pressing the button in
the UI for diving points. Step 2 introduces the interpolated layers—similar to the source data points, each interpolated layer can be viewed on the map. The info button for step 2 explains how the layers were interpolated.
In step 3, users run the analysis. Users select the interpolated layers that they want to include for the analysis
and set threshold values (a minimum value to be included in the analysis) for each interpolated layer that is selected. Finally, the analysis method of either spatial intersection or union is selected for the calculation. When
the desired parameters have been chosen, the results of the analysis can be calculated. The results appear in
the UI after refreshing the view. The results include both the results layer from the analysis, as well as each
selected layer with only data met by the threshold value criteria. All layers can be toggled on and off on the
map. The results are stored in the system and are listed under the analysis module UI, with the newest results
always appearing at the top. Users can, therefore, compare results from running the analysis with different
threshold values.

|

KOSKI et al.

1815

Baltic Explorer is an open-source CGIS that was developed in the BONUS BASMATI project (Koski et al., 2021).
Users can collaborate through multiple devices in map-based workspaces that share content between users' views
(Figure 3). The system enables users to draw, edit, and store vector features on the map that other users can then
view, and in some cases also edit. These features can represent a variety of real-world objects and aim to support the
users in sharing and visualizing their ideas and thoughts on maps. To further provide flexibility, the system provides

F I G U R E 2 The user interface of the analysis module. The interface shows source data (a, dots), an
interpolated layer (b, white areas), and the analysis result (c, orange areas). Layers can be clicked on and off from
the menu

FIGURE 3

Baltic Explorer is an easy-to-use collaborative GIS for maritime spatial planning
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easy access to a large amount of map layers with relevance to MSP through Web Map Services from various sources
(~1,200 layers). The system is designed for novice GIS users. For example, details of layers in Web Map Services (e.g.,
uniform resource locators for service and legends and layer names) are pre-loaded onto the system to enable layers
to be listed in an easy-to-use menu from where they can be added to the map at the press of a button.

3.3 | Data collection
A mixed-methods approach was taken to collect data during the workshop, employing approaches widely used
to study user experiences of tools developed to support participatory and collaborative planning (see Arciniegas
& Janssen, 2012; Salter, Campbell, Journeay, & Sheppardd, 2009). First, participants were observed by four observers, two who did not take part in the group activities, and two who also acted as the GIS facilitators, helping
with technical issues with the system in the two groups, but not taking part in the planning activities themselves.
Second, after the session, participants were given a questionnaire about their understanding of the tool, their
perception of its usefulness, and the synergy between the analysis tool and the other tools in Baltic Explorer.

4 | R E S U LT S
4.1 | Participants and group dynamics
Respondents identified with varying roles in MSP: sector representatives (8), planners (3), scientists (3), decision-
makers (2), and others (7). Two respondents identified as having a dual role as scientist and decision-maker, and
scientist and planner.
At the beginning of the interactive session, participants were divided into the two groups of 12. Group 1
remained as a single large group and used only the large touchscreen to complete the task. It was observed that
roughly half of the participants in group 1 were actively taking part in the discussions, while the other half were
observing. Shortly after the start of the session, group 2 self-organized into three subgroups, one subgroup using
the large touchscreen and two subgroups using a single laptop computer each. The smaller subgroups consisted of
three to five participants each. All three subgroups used the same workspace in the system.
It was observed that many participants did not actively join discussions during the session. Also, most participants did not personally use the system. Participants were observed to mostly be highly agreeing on matters,
moving quickly from subtask to subtask. Negotiations about which threshold values and what data to use were
brief and, typically, only involved two to three active persons.

4.2 | Participants' understanding of the system and their perception of its
appropriateness for the collaborative MSP task
Respondents' understanding of the tool varied (Figure 4). One respondent (n = 21) understood “very well,” 12
“well,” 6 “fairly,” and 2 “poorly” what the tool does. Six respondents (n = 21) understood “well,” 10 “fairly,” and
5 “poorly” how to use the tool. Of the two respondents who understood “poorly” what the tool does, one also
understood “poorly” how to use the tool and the other understood “fairly” how to use the tool. Of the 13 respondents who understood at least “well” what the tool does, two understood “poorly” how to use the tool.
Respondents also had varying opinions about the ease-of-use of the analysis tool (Figure 5). Nine respondents
(n = 21) were undecided on the ease-of-use of the tool. Of the two respondents who understood “poorly” what the
tool does, one disagreed with it being easy to use, while the other was undecided on the matter.
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F I G U R E 4 Results from the questionnaire when asked about how well users understood what the tool does
and how to use it (n = 21)

FIGURE 5

Results from the questionnaire; participants’ perception of usefulness of analysis tools (n = 21)

Respondents' opinions on the completeness and appropriateness of the tool for the task also varied. Four
respondents (n = 21) disagreed that the tool had the required functionalities for the task. The same four respondents disagreed that the analysis was appropriate for the task. Of the six respondents who understood “poorly”
how to use the tool, two disagreed with the appropriateness of the analysis, while one agreed. In contrast, of the
five respondents who understood “well” how to use the tool, one disagreed with the appropriateness of the tool,
while two agreed. None of the respondents disagreed with the analysis tool results being useful for MSP work, or
the analysis tools being useful for MSP workshops. Fifteen (n = 21) respondents agreed or strongly agreed that
analysis tool results are useful for MSP work, and 16 (n = 21) respondents agreed or strongly agreed that analysis
tools are useful for MSP workshops.
In total, nine respondents (n = 21) understood “poorly” what the tool does, how it is used, or disagreed that the
tool has the required functionalities or was appropriate for the task. Two respondents understood what the tool
does and how to use it “well,” as well as agreed that the tool has the required functionalities and is appropriate for
the task. During the interactive session, none of the participants were observed raising concerns about lacking
required functionalities or the appropriateness of the tool. Participants were observed helping each other when
there were issues in understanding how to use the system.

4.3 | Benefits of combining the SDSS and CGIS for problem exploration and solving in
same-time, same-location collaboration in MSP
The tool was considered to be helpful for multiple tasks by multiple respondents (Figure 6). However, there was a
large variance between replies. The analysis tool received most support for being helpful in “promoting constructive discussion across sectors” (12/20 respondents) and least helpful for “expressing the interests of one's sector”
(5/20 respondents). Ten respondents (n = 20) considered the tool to be helpful for “understanding the collaborative planning task,” 10 (n = 20) for “reaching decisions among collaborators,” 10 (n = 19) for “building trust among
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F I G U R E 6 The helpfulness of tools for different tasks varied, although for many tasks the differences were
small (n = 20, except for “building trust among collaborators” where n = 19)

collaborators” (one respondent commented that they could not answer the question), and 7 (n = 20) replied that
the tool was helpful in “gaining insight into interests of other sectors.”
Four respondents (n = 20) did not find the analysis tool to be useful for any of the tasks. Although the sample size
is small, there appears to be no correlation between participants’ understanding of the tool and them not finding it
helpful for tasks. One of these respondents understood “poorly” what the tool does, and, together with a second
respondent, also understood “poorly” how it works. These two respondents also disagreed that the tool provided
necessary functionalities for the task, and that the tool was appropriate for the task. Another respondent that did not
consider the tool to be helpful for any task understood “fairly” what the tool does and how to use it, while the fourth
respondent understood “well” what the tool does and how to use it. Of the four respondents, two agreed and two disagreed that the tool provided the necessary functionalities for the task and that the tool was appropriate for the task.
For both the draw and edit tool, as well as the overlay tool, three respondents did not find them to be helpful
for any of the tasks (n = 20). For four of the tasks, the draw and edit tool, the overlay tool, or both were considered
to be helpful by more respondents than those who felt the analysis tool was helpful for the task. The analysis tool
received most support from respondents for being helpful in building trust among collaborators and promoting
constructive discussion across sectors. Participants had varying opinions on which tools supported each task.
Sixteen respondents found at least one of the tools to be helpful for each task (Figure 7).
Most respondents agreed that there are synergies between the analysis tool and other tools (Figure 8). All
respondents (n = 19) felt that the draw and edit tools synergized with the analysis tool at least fairly, while there
was a single respondent (n = 19) who did not agree that the overlay data tool synergized with the analysis tool.
The observations mostly support the results of the questionnaires. It was noticed that drawing and editing
enabled the groups to draw the area of the wind farm site onto the map. Participants would also edit this area,
based on new information. The overlay data layers were heavily used by all groups. In group 1, the participants
used the tool to find several relevant data layers. Data was searched from both the data specifically added for the
task, and data from the repository of marine layers from the Baltic Marine Environment Protection Commission.
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F I G U R E 7 Individually participants would not find tools helpful, while collectively most participants found at
least one of the tools helpful for each task (n = 20, except for “building trust among collaborators” where n = 19)

FIGURE 8

Results from the questionnaire; synergy of analysis with other available tools (n = 19)

Because group 2 split into several subgroups, which all used the same workspace, the use of the overlay layers was
complicated. One subgroup making changes to the overlays would apply those changes to overlays for the other
subgroups. As users would first select the relevant data to be used, and then use the analysis tool, the analysis tool
ended up having more of a supporting role. In other words, a suitable location was found based on the overlay data
before the analysis tool was used. This contradicts the results from the questionnaire, based on which the overlay
data tool was considered to help to “reach decisions amongst collaborators” by less respondents than the analysis
and draw and edit tools.

5 | D I S CU S S I O N
This study aimed to provide insight into the MSP stakeholders' understanding of SDSSs and the participants'
perception of the appropriateness of an SDSS in a real-world collaborative MSP planning session. In addition, the
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study aimed to give insight on the benefits of combining an SDSS and CGIS in problem exploration and solving
tasks in same-time, same-location collaboration in MSP.
90.4% of respondents understood what the tool does at least fairly. However, respondents had a harder time
understanding how to use the tool. Intuitively it may appear that a tool performs well when most participants
understand what a tool does. However, two respondents not understanding what the tool does is a reason for
concern, because they are not able to make proper suggestions and decisions in setting parameters and decide
which data to include, and understand the impact of those decisions during use of the tool. Because stakeholders
taking part in MSP workshops are often sector representatives, the viewpoint of that sector may not then be included in the tools’ results. The results also indicate that participants who understood what the tool does may be
more likely to agree with the appropriateness of the tool.
The results show that even though the SDSS was developed to be easy to use, its use was demonstrated beforehand, and most participants understood what the tool does, several participants understood poorly how to
use the tool. Several factors were identified that could be contributing to the results. First, the tool may be too
complex, allowing too many options. Second, the UI of the tool may not have been effective, despite attempts
to make the analysis process clearer by a step-by-step design. Third, participants had not tested the analysis
functionality before the interactive session. Fourth, because most participants did not use the tool during the
interactive session, they did not gain an understanding about the tool during the session. Fifth, many participants
were high-level stakeholders in executive positions who are unlikely to use GIS tools in their daily work. Planners
need to ensure that participants can test the functionalities before using them, and that there is enough time for
them to understand how to use the tools. Stakeholders should be motivated and engaged in the planning by, for
example, giving them appropriate roles in the planning session and being clear about the impact of the results.
Participants required technical help with using the system, although most of the time the problems were related
to technical issues that are fixed when the system matures. It was observed that participants often helped each
other when using the system. Still, when introducing new tools and giving users more freedom in how they use
tools, the planners' responsibility to ensure that the session runs smoothly increases. Therefore, workshop organizers should assign facilitators for both directing discussion in groups, as well as helping with the use of the GIS tools.
Stakeholders mostly agreed that spatial analyses and SDSSs are important for MSP work, and should be used
in MSP workshops. In other words, although SDSSs have been reported to not be used in real-world MSP efforts,
this is not due to stakeholders considering them unnecessary. However, the results of the study indicate that even
when tools are designed together with planners and designed for the specific task of the planning session, stakeholders' acceptance of the method for solving the problem may remain an issue. It is noteworthy that participants
did not raise these issues during the interactive session. It shows that such concerns may go unnoticed, unless
specifically asked from the participants. If these concerns are found after the task has been carried out, it may be
too late to take them into account in the planning.
Considering these results, innovative and effective methods and SDSSs are needed and must be developed for
collaborative planning in MSP. Planners need to minimize the effect that a lack of experience with GIS can have on
stakeholders' ability to participate in MSP processes. Because of the importance of all participants understanding
the tool to the transparency and equity of MSP processes, it is recommended that planners carefully assess the
time requirement for all participants to understand complex GIS tools that are used, and provide motivation to
high-level stakeholders, for example, by appropriate roles. Planners in MSP also need to ensure that none of the
participants disagree on the data and methods being used before collaborative sessions, as well as evaluate after
the sessions whether the participants still agree on these materials in the planning.
The results show that there is a clear benefit of integrating SDSS with CGIS. Supporting the use of the SDSSs
with flexible tools, such as a draw and edit tool and a library of data from various sources, gives them more freedom
in solving their tasks. SDSSs are often developed to perform specific tasks and, therefore, have predetermined data
and models. Integrating model-based analysis tools with tools to view a large selection of data and drawing and
editing features on the map gives stakeholders more options in how they want to explore and solve problems. The
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participants highlighted some issues in these functionalities, for example, issues in finding relevant datasets from
the selection of overlay data, and they also found the tools to be helpful for many tasks. They mostly agreed that the
tools support each other in a collaborative MSP session. The results also show that stakeholders may have varying
opinions about which tools are suitable for different tasks. This variation in preference emphasizes the need for
flexibility in problem solving. By combining tools into multi-functional systems, stakeholders have a better chance
of finding tools that are helpful for different tasks. Whether existing solutions should be adapted to collaborative
settings, or completely new solutions designed that meet the changed requirements, needs to be assessed when
adapting software designed for single user settings to collaborative settings (Brewer, MacEachren, Abdo, Gundrum,
& Otto, 2000). Integrating the most prominent SDSS for MSP into a collaborative multi-user system like Baltic
Explorer would not only set these tools in a collaborative environment, but also provide the tools with support
from additional, simple, and easy-to-use tools that help in facilitating discussions between stakeholders. However,
developers need to re-evaluate the user interface design to be suitable for novice GIS users. Ideally, the choice of
data and models to be used is made flexible to allow for alternative methods of problem solving.
More research is needed with the aim of developing methods to support participants in MSP and the stakeholders of other decision-making processes in understanding tools with spatial analysis, and to develop flexible
tools that enable participants to use alternative problem-solving methods. Although it can be laborious and challenging, the tools need to be evaluated in real-world scenarios with real stakeholders to get a reliable assessment of their capabilities to support real-world MSP processes. Many aspects of same-time, same-location CGIS
are shared with other types of CGIS (Churcher & Churcher, 1999) and, therefore, some results of the study are
transferable to these systems. Having been introduced to the analysis tool shortly before the interactive session,
participants had to understand what the tool does, and how it is used based on a 20-min presentation and demonstration. This is typical in collaborative planning with stakeholders in MSP, but it is likely that the results would
look different in a situation where stakeholders had prior experience, or more time to familiarize themselves with
and use the tool before the planning session.
It should also be noted that because participants answered the questionnaire after the interactive session,
it is possible that some participants gained this understanding during the session. The results of the study are
based on a single case study with a limited sample size from the questionnaires presented to the workshop
participants. While the value of such results should not be underestimated (Flyvbjerg, 2006), it is important to
understand that a limited sample size is subject to greater error margins and further research may be needed to
validate them. Notably, the study had a predominately female attendance. While the topic of gender does not
directly link to our research, the gender distribution of the study does not accurately represent the gender distribution of actors in MSP. In addition, there was a relatively large number of undecided respondents when asked
about the SDSS's ease-of-use, completeness, and appropriateness, which may be explained by most participants
not personally using the tool. While results in the study can give an indication as to the reasons behind issues,
more research is needed to uncover deeper understanding into why users have difficulties in using GIS and how
to provide the necessary flexibility of problem solving required for stakeholders to approve the outcome.

6 | CO N C LU S I O N S
This article adds to our knowledge about the use of spatial analysis in decision-making workshops. The results
show that issues associated with the use of SDSSs, such as stakeholders not agreeing with the used analysis or
data, are very much present when using SDSSs in collaborative MSP tasks. While most stakeholders understood
at least fairly what the tool does, it was clearly harder for stakeholders to understand how to use it. Multiple
stakeholders disagreed with the tool providing the necessary functionalities for the task and with the tool being
appropriate for the task. Integrating an SDSS into a CGIS provided stakeholders with additional tools that were
used extensively and synergized well with the SDSS.
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The responsibility for effective GIS solutions for stakeholder workshops in MSP is with the planners, as well
as tool developers. GIS developers need to discover effective new tool designs that give all stakeholders an equal
chance to interact with tools, despite having different levels of GIS expertise and understanding of the methods
used. MSP planners need to provide the necessary time and resources for stakeholders to properly understand
what a tool does and how it works, as well as discuss and assess the appropriateness of the tool before its use.
Accurate planning for motivation and workshop roles is also necessary. Further research should aim to find methods that can help tool developers and planners to achieve these goals.
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