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Abstract Geodesign tools are increasingly used in collaborative planning. An impor-
tant element in these tools is the communication of stakeholder values. As there are
many ways to present these values it is important to know how these tools should be
designed to communicate these values effectively. The objective of this study is to
analyse how the design of the tool influences its effectiveness. To do this stakeholder
values were included in four different geodesign tools, using different ways of ranking
and aggregation. The communication performances of these tools were evaluated in
an online survey to assess their ability to communicate information effectively. The
survey assessed how complexity influence user performance. Performancewas consid-
ered high if a user is able to complete an assignment correctly using the information
presented. Knowledge on tool performance is important for selecting the right tool
use and for tool design. The survey showed that tools should be as simple as possible.
Adding ranking and aggregation steps makes the tools more difficult to understand
and reduces performance. However, an increase in the amount of information to be
processed by the user also has a negative effect on performance. Ranking and aggre-
gation steps may be needed to limit this amount. This calls for careful tailoring of the
tool to the task to be performed. For all tools it was found maybe the most important
characteristic of the tools is that they allow for trial and error as this increases the
opportunity for experimentation and learning by doing.
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1 Introduction

In spatial planning maps can be used to combine stakeholder values with different
types of spatial information. Maps can also serve different functions in the planning
process such as reaching agreements, exchanging information, and setting objectives.
However, the role of map representations is not always well understood. The influ-
ence of maps depends both on the quality and presentation of the information as on the
processing capabilities of the decision-maker (Duhr 2007). Maps integrated in geode-
sign tools are used to support stakeholders in collaborative planning. Geodesign tools
combine geography with design by providing stakeholders with tools that support the
evaluation of design alternatives against the impacts of those designs (Flaxman 2010).
Little research has been undertaken on the communicative function of map graphics
in planning (Duhr 2007). Researchers in the field still remark on a lack of extensive
testing and quantitative evaluation of spatial planning and decision support tools (Vonk
et al. 2005; Geertman and Stillwell 2004; Geertman and Toppen 2013). Only a few
studies have explicitly tested tool effectiveness (e.g. Inman et al. 2011;Arciniegas et al.
2012). It is not self-evident that when information is put in a map, it is also understood
by the viewer (Steinitz 2012). Multiple attributes are mostly combined in a suitability
map. However, a suitability map of a single objective shows the spatial differentiation
of the performance of this objective but does not present the values of other objec-
tives. Furthermore, a suitability map derived from combining multiple objectives only
shows the total suitability and does not give any detail about the aggregated objectives.
Maps that present a combination of multiple attributes are often complex. Janssen and
Uran (2003) for example showed that participants overestimated their ability to use
this type of maps.

Geodesign tools intend to increase the effectiveness of spatial planning. However,
effectiveness is a broad concept that can include many aspects. Previous studies have
discussed various aspects of effectiveness (Nyerges et al. 2006; Salter et al. 2008).
Effectiveness has been associated with the usability of a system in the context of
human-computer interaction (Sidlar and Rinner 2009; Meng and Malczewski 2009).
Jonsson et al. (2011) characterizes effectiveness asmaking sure that the right things are
done and that they are done right. Budic (1994) considers effectiveness as operational
effectiveness and decision-making effectiveness. The former concerns improvements
in quality and quantity of data, whereas the latter is about the facilitation of planning-
related decision making. Goodhue and Thompson (1995) distinguished effectiveness
as the extent to which instruments enable stakeholders to carry out the intended tasks
and the fit of the instruments to the capabilities and demands of the stakeholders.
Gudmundsson (2011) states that, besides measuring effectiveness to assess instru-
mental use, a tool can also have a more conceptual role where use involves general
enlightenment. Use of information can be described as receiving information, reading
information or understanding information. Use can also be described as the amount of
influence of the information on decision-making in terms of contribution or actions.

This study focused on visualizing the spatial pattern of multiple stakeholder values
simultaneously. A comparison was made between four types of geodesign tools to
communicate these values. The tools were tested in an online survey to assess their
ability to communicate information effectively. The potential of interactive geodesign
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Fig. 1 Four geodesign tools to present stakeholder values

tools to contribute to decision processes is more and more recognized (Steinitz 2012;
Dias et al. 2013). Not many studies, however, address the effectiveness of these tools.
Anunique element of our study is that it directly links effectiveness to task performance
and therefore explicitly includes the interactive element of the toll in the evaluation.

The tools designed for this study vary in the way information on values is processed
and presented. The tools differ in the use of an aggregation or ranking step (Fig. 1).
Aggregation means that the values are weighted and summed in a total value. Aggre-
gated values support stakeholders by combining multiple sources in a single attribute.
Aggregation prevents a stakeholder from having to combine objectives themselves.
Ranking means that the order of the value is used to select values. The result is infor-
mation that only shows the best and worst objective values. The variations resulted
in four geodesign tools: (1) objective value tool, (2) relative objective value tool, (3)
total value tool and (4) stakeholder value tool.

The objective value tool just presents the objective value and does not require
any aggregation or ranking. The relative objective value tool shows how each parcel
performs compared to all other parcels and therefore requires ranking. The total value
tool aggregates the objective values into an overall value. Finally, the stakeholder value
tool uses both aggregation and ranking in order to visualize which exchange is best
for each stakeholder.

A pre-test was conducted to finalize the graphic design of the tool. Next, the tools
were evaluated in an online survey. Section 2 first describes the current literature on
the use of geovisualisation for stakeholder value mapping and then the results of the
pre-test. The methodology of the survey is described in Sect. 3. Section 4 presents the
four geodesign tools that were developed to present stakeholder information. Section 5
shows the results of the survey comparing tool performance of the four tools. Finally,
Sect. 6 provides conclusions on the usefulness of these tools to support spatial planning.

2 Visualisation of Stakeholder Values in Geodesign Tools

Geovisualisations can be used to present the spatial distribution of stakeholder values
in decision support and planning tools. A stakeholder value is the score of an objective
that is found important by a stakeholder and can consist of multiple objectives of equal
or unequal importance. Maps are useful for spatial communication (Arciniegas et al.
2011; Carton 2007) and can even be more effective when incorporated in a decision
support tool. In literature, multiple decision and planning support tools integrated in
a geographical information system (GIS) can be found (e.g. Geertman and Stillwell
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2009; Batty 2008). Maps are evolving in more exploratory and interactive tools that
serve as an interface (Kraak 2004). Recent literature also emphasized the need for a
multi-objective view to cartographic design (Xiao and Armstrong 2012).

2.1 Mapping Stakeholder Values

The interests of each stakeholder can be presented in the formofmaps. The information
in these maps has to be combined. Instead of offering all available information to the
planners, spatial evaluationmethods can help decisionmakers to structure and simplify
the decision problem (Herwijnen 1999). Two ways to aggregate information can be
distinguished (1) approaches that start with individual problem solving followed by
aggregation of the solution maps, and (2) approaches that start with the aggregation of
stakeholder valueswhichwill then be processed in amulti criteria analysis (Boroushaki
andMalczewski 2010; Herwijnen 1999). Depending on the decision issue, values need
to be ranked. Inmulti criteria analysis ranking is often used (Belton and Stewart 2002).

The need for testing the effectiveness of decision support has been recognized for a
long time (Densham 1991; Crossland et al. 1995). Only a few researchers have explic-
itly studied the effectiveness of visualizations of the spatial distribution of stakeholder
values in spatial planning and decision support tools (e.g. Inman et al. 2011; Arcinie-
gas et al. 2012). The review of Brömmelstroet (2012) showed that different types of
evaluation criteria are applied and concluded that a systematic analysis of performance
is missing. Inman et al. (2011) described the application of a quantitative approach to
evaluate environmental decision support systems with small groups of stakeholders in
two case studies. The objective of these case studies was to facilitate the participatory
decision-making process in water management projects. Stakeholders’ perceptions of
effectiveness were elicited and compared using statistical analysis. The results of the
two case studies suggested that stakeholders’ backgrounds influences their perceptions
of effectiveness.

The experiments of Arciniegas et al. (2012) show that using a set of collaborative
spatial decision support tools, itwas found that the cognitive effort related to the volume
and format of information is a critical issue in spatial decision support. Usefulness,
clarity and impact were the dimensions on which effectiveness was evaluated. Ozimec
et al. (2010) evaluated multiple types of symbols and tasks that differed in the level
of complexity. The evaluation was based on decision accuracy which was measured
by performance, decision efficiency which was measured by duration, and decision
confidence and ease of task which were derived from ratings. The results of this study
show that the type of symbolization strongly influences decision performance. The
findings indicated that graduated circles are appropriate symbolizations for use on
thematic maps and that their successful utilization seems to be virtually independent
of personal characteristics, such as spatial ability and map experience.

There are also studies that explicitly test the different uses of symbols inmaps.Dong
et al. (2012) measured deviation and response time to assess the quality of dynamic
symbols. The results show that size is more efficient and more effective than colour
for dynamic maps. Garlandini and Fabrikant (2009) and Fuchs et al. (2009) used eye
tracking to study the effectiveness of maps. Garlandini and Fabrikant (2009) propose
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an empirical, perception-based evaluation approach for assessing effectiveness and
efficiency of longstanding cartographic design principles. The visual variable size
was found to be the fastest and the most accurate to detect change if it was flashed on
and off on the map. The form style and use of cartographic visualizations in spatial
planning differ between nations and even between regions (Duhr 2004). This is mainly
determined by the functions of plans in the planning system. This means that above
findings cannot directly be used for the communication of stakeholder values in a
small scale study area. However, the studies advocate that symbols are useful for map
design. In this study the evaluation of the tools is limited to testing communicative tool
performance and task functionality. Criteria to measure the impact of the tools on the
decision making process, such as user confidence and satisfaction, were not studied.
The evaluation of the cartographic design was not the main focus of this study and
was limited to the pre-test described below.

2.2 Pre-test

An empirical pre-test was used to find perceived preferences of map presentations. A
site was selected from a previously studied area (Janssen et al. 2014; Brouns et al.
2014). The key issue in the region is the trade-off between the prevention of soil subsi-
dence and the conservation of agricultural production. A small study area was selected
with three types of land use: intensive grassland, extensive grassland and nature. The
map includes 13 parcels that were numbered. Three main objectives were identified:
(1) maximize agricultural production; (2) minimize soil subsidence; and (3) maximize
natural value. The objective values depend on both land use and water level. A high
water level results in high objective values for soil subsidence and nature, but in low
values for agriculture. A high value for soil subsidence means low subsidence rates,
high values for naturemeans high quality and lowvalues for agriculturemeans lowpro-
ductivity. Different symbolizations, such as squares, patterns and bar charts were used
to develop the semiology of themaps of Figs. 2 and 3 (Bertin 1983; Slocumet al. 2009).

Figure 2 shows the current land uses with the stakeholder values for three objectives
in each parcel. In Fig. 2a, boxes are used to show, for each of the objectives, if their
performance is good (green), intermediate (yellow) or bad (red). Nature has a low
value for all parcels. For intensive and extensive grasslands the value for agriculture is
on average high, except for parcel number 3 and 4. In Fig. 2b the value of the objectives
is reflected by the height of the bars. These reveal that for the extensive grasslands,
values for soil subsidence are close to the values for agriculture. From the bar charts
the variation in values for nature can also be derived, whereas in the boxes nature was
all classified as low.

In the pre-test, a laboratory experiment was set up with 41 students and researchers.
The respondents were asked whether, when given the task to change the land use pat-
tern, they would choose the traffic light or bar chart presentation (Fig. 2). Respondents
who favoured the bar charts mentioned the importance of being able to see the actual
height of the objective values. Although the boxes provide less information, they were
preferred by 63% of the respondents. This map was found easier to read and better
suitable for the identification of parcels that need change. The visualisation of stake-
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Fig. 2 Stakeholder value maps: a traffic light boxes, b bar charts. (Color figure online)

Fig. 3 Maps indicating preferred land use change: a symbols b colours c pattern. (Color figure online)

holder interests with boxes was used for visualisation of the geodesign tools that were
tested in Sect. 4 of this study. Figure 3 uses the same information to present the land
use changes that result in an increase in the total value of the plan. A weighting and
aggregation of the three main objectives was applied to determine if a land use change
would increase total value of the plan. The map presented in Fig. 3a combines colours
and symbols. The colour of each parcel presents the current land use. The colour of
the boxes indicates the land use that would result in the highest increase of total value.
If the current land use is also the best land use the parcel, it is left blank. In Fig. 3b,
primary colours are used for the original land use and secondary colours to indicate the
preferred transitions. The original land use is visualised by the colour of the border of
the parcel and the preferred change by the colour of the parcel itself. Finally in Fig. 3c,
the colour of the parcel itself indicates the current land use and the texture indicates
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in which direction the land use change is favourable. Similarly, the respondents were
asked to select one of the three tools to change the land use.

The symbols map (Fig. 3a) was preferred by 83% of the respondents over the map
using borders with primary and secondary colours (Fig. 3b). The main reasons were
that respondents (1) preferred the more intuitive colours, (2) preferred the use of the
symbols on top of current map layer, and finally, (3) that the limited number of legend
classeswas easier to see. Thiswas expressed by one of the respondents as: “ it’s quicker
to compare two sets of different variables than to go back and forth between the legend
and the map with the extensive colour use ”. Respondents who were in favour of the
colours presentation named, as an advantage, that the legend identifies all possible
changes, but also mentioned that they did not like the use of the coloured outlines. In
comparing the colours map (Figure 3b) with the patterns map (Figure 3c) 61% of the
respondents voted for the patterns map. One of the respondents remarked: “ I like the
mixing colours because the colour showing the change combines the colours of the
old and new land use, so you can pick out patterns easier. The patterns are not so easy
to read but can be recognized easily from the legend.”

It is interesting to see how stakeholder values and environmental indicators are
visualised in existing geodesign tools. There have only been few studieswheremultiple
objectives were presented in a single map layer (Alexander et al. 2012; Arciniegas
et al. 2011). A more widely used approach is to combine multiple criteria in a single
map or indicator (Jankowski et al. 2001). The planning support system ‘UrbanSim’
presents single maps of costs, number of residents (Waddell 2002). ‘Urban strategy’
uses indicator maps of for example noise ( Borst 2010). The online planning support
system ‘What if’ uses suitabilitymapping (Pettit et al. 2013). A suitabilitymap advises
positively and negatively about the suitability of locations for a specific change. On
the map, regions are marked as ‘suitable’, less suitable or unsuitable ( Carton 2007).
Carton andThissen (2009) show that different frames of stakeholders result in different
preferences regarding the suitability maps.

3 Method

Four geodesign tools were developed based on a pre-test and a literature review. These
four geodesign tools were evaluated in an online survey. This section first describes the
structure of the survey, next the questions and assignments are explained and finally
some practical issues are discussed. The aim of the surveywas to test tool performance.
Tool performancewas divided into communicative performance and task performance.
Communicative performance is defined as the ability to deliver information from the
map to the user. Task performance is defined as tool functionality and describes how
well a tool supports a specific task (Vonk and Ligtenberg 2010).

3.1 The survey

The survey consisted of 40 multiple-choice questions and was designed to take about
30 min to complete. This method of data collection was selected to (1) expose the
tools to a large number of students and researchers, (2) ask in depth questions about
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Fig. 4 Example of survey questions: a map pattern, b map change. (Color figure online)

the tools (3) test the tools with independent respondents. Students and researchers
from Faculty of Earth Sciences from the VU University were contacted to complete
the online survey. The survey consist of four categories of questions: (1) respondent
characteristics, (2) communicative performance, (3) task functionality, and (4) user
perception. Each question is accompanied with a map including a title, legend and
map description (Fig. 4).

Tool performance was assessed for each tool and for each dimension. The dimen-
sions are map patterns, map relations, map change, tool selection and tool application.
Thismeans that a total of 20 questions was used to determine overall tool performance.
The remaining questions constitute of respondent characteristics, a ranking question,
perception on tool difficulty and an open question for respondents to leave comments.
Communicative performancewas evaluated in three dimensions ofmap interpretation:
(1) map pattern, (2) map relation and (3) map change. The first two referred to static
performance. Map pattern refers to the spatial pattern of the information. Map relation
referred to how the various map layers lead to the map pattern. Map change referred
to dynamic performance and referred to the extent that a change in map pattern was
understood. The assessment of dynamic performance provided insight into the ability
to use the tools in an interactive setting with dynamic attributes. Interactive maps pro-
vide opportunities for including spatio-temporal changes and allow user interaction
with spatial data (McCall and Dunn 2012). Task performance was evaluated by (4)
tool selection and (5) tool application.

The survey started with a short explanation of the stakeholder objectives and the
relationships between the objectives and the physical conditions. The parcels were
numbered to ask about tool information and characteristics of specific parcels. Tool
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performance was assessed with multiple choice questions of four options from which
only one answer was correct. The answers to the multiple choice questions were
labelled as correct (1) and incorrect (0) and were statistically compared to find signif-
icant differences in the performance of the respondents for the four tools with paired
t-tests. All question had to be completed but each question contained a ‘do not know’
option to prevent gambling. The survey was developed with SurveyMonkey� (www.
surveymonkey.com, last accessed February 2013), which is an online survey tool. It
provides online questionnaire software to design, collect and analyse data.. The final
questionnaire was pre-tested to check if the questions were understood and to test the
length of the survey. Access to the survey was distributed by e-mail.

3.2 Assignments

First characteristics of the respondents were collected. Experience levels were scored
on a 5-point scale ranging from very low (−2) to very high experience (+2). Expe-
rience with maps was divided into experience with maps in general, experience with
land use maps and experience with GIS. Experience with maps was used to divide
the respondents into ‘experts’ and ‘non experts’. Non-experts are those with experi-
ence level up to average on a 5-point Likert scale. Experts are those respondents that
classified their experience level with maps as high or very high.

Static communicative performance was assessed inmap patterns andmap relations.
In terms of map patterns, the respondents were, for instance, asked to answer:‘What is
the nature score for parcels 10–13?’ (Fig. 4a). Next, a question was asked to find out if
the respondent understood the underlying relations with a question such as ‘Why have
parcels 3 and 4 got a low value for agriculture?’ The dynamic communicative perfor-
mance was evaluated to determine whether a change in the map was understood after
changes were made. Respondents were asked to name how the new map originated
from the original map. For example: For which parcels resulted the land use change
in an improved value for the agriculture objective (Fig. 4b). The last part of the survey
evaluated how the respondents linked the tools to specific tasks. Task functionality was
evaluated in four questions about tool selection and four questions about tool applica-
tion. Four tasks were formulated that were expected to be best supported with one of
the tools. Figure 5 shows a question for one of the tasks . The respondents were asked
to select the tool that was most appropriate to perform the task. Next, the respondents
were asked to complete the task. If the respondents choose the associated tool andwere
able to complete the assignment, it was regarded to be a plus for task functionality.
The order of the task assignments was changed randomly to prevent a learning effect.
Finally, the respondents were asked to indicate their opinion towards the individual
tools on a 5-point scale ranging from very difficult (−2), to very easy (+2).

4 Geodesign Tools

This section describes the planning tasks that were formulated and the tools that were
developed to support these tasks. First the tasks that were formulated are explained,
followed by a detailed description of each of the tools that were assumed to support
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Fig. 5 Example of survey question to test task functionality. (Color figure online)

Fig. 6 Stakeholder tasks

these tasks. Four geodesign tools were developed to present multiple stakeholder
values differently. Section 5 describes the survey results.

4.1 Stakeholder Tasks

As the tools were developed based on stakeholder tasks, this section first describes the
planning tasks that were formulated. A stakeholder task is the assignment that has to be
accomplished during a planning stage. Spatial planning and decisionmaking consist of
multiple planning stages. Each stage is assumed to contain multiple stakeholder tasks
(Eikelboom and Janssen 2013). This study evaluated the influence of aggregation and
ranking in presenting stakeholder values in geodesign tools. The variations resulted in
the following stakeholder tasks: (1) assess the spatial pattern of the objective values,
(2) identify bottlenecks, (3) find compromises and (4) discover trade-offs to support
negotiation (Fig. 6).

The first task was the assessment of the spatial pattern of the objective values.
Spatial planning typically starts with an exploration of the state of an area. In terms
of stakeholder objectives, this means that each stakeholder searches for high and low
scoring areas. Stakeholders that have interests in multiple objectives also search for
areas with acceptable or alternative values for multiple objectives. For this task it was
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necessary to have information about each objective simultaneously for each spatial
decision unit.

The second task was the identification of bottlenecks. Bottlenecks are situations
where change is needed. Respondents had to select areas that are sub-optimal or
problematic. In case of multiple problematic areas and a limited budget, information
on priorities is needed. Stakeholders need to know which regions have the lowest
performance. Time and energy can also be saved when parcels that are close to optimal
are excluded or neglected. The identification of outliers in the regions is a task that calls
for ranking of the objective values. The first two tasks require separate presentation
of each objective.

The thirds task was the search for the best compromise for all stakeholders. This
results in a direct advice on what to change in the interest of all stakeholders. This task
is supported by a tool that shows the best compromise by combining the stakeholders
in a predefined manner. For the fourth task respondents were asked to find parcels that
are candidates for negotiation with other stakeholders. This meant that the task was to
find information that supports the identification of desirable exchanges of land use. To
support this task information is needed on which measure leads to the highest value
for each of the stakeholders. The last two tasks required integration of stakeholder
objectives in aggregated values. The tasks were operationalized in assignments such
as ‘create extensive grassland when extensive grassland is the best land use’ or ‘raise
the water level for parcels when the objective value soil has a 20% worst value’.

4.2 Tools

The support these tasks four geodesign tools were made available: (1) objective value
tool, (2) relative objective value tool, (3) total value tool, and (4) stakeholder value tool.
Each tool was designed for one of the specific tasks. The four stakeholder tasks were:
(1) Assess the spatial pattern of the objective values, (2) identify bottlenecks, (3) find
the best compromise, and (4) discover trade-offs to support negotiation. Parcels were
used as the spatial unit for evaluationwith landuse ofwater level as background.Within
each parcel values were presented in one, two or three boxes. The tools were designed
for dynamic use as the effects of a change on the value of objectives was shown
immediately. The tools were constructed with Community Viz software version 4.3
(http://placeways.com/communityviz, last accessed December 2014). An overview of
the tools is given in Fig. 7.

The first tool is named the ‘objective value tool’. The value of an objective depends
on land use and water level and each objective responds differently. When more than
one objective is shown, a comparison between objectives can bemade at the same time
that land use or water level is changed. The objective values vary between 0 and 10 and
are represented in three classes: worst (0–7), average (7,8) and best (9,10) (Fig. 7a).
Consequently, three red boxes indicate a low value for all objectives.

Second, the ‘total value tool’ visualises the best option for the stakeholders as one
group and is a consensus driven approach. This total value is derived from weighting
the stakeholder objectives for each land use. The total value tool has a different map
lay out as it only shows one box instead of three (Fig. 7b). The background colour of
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Fig. 7 Visualization of four geodesign tools with the current land use as a background layer: a objective
value tool, b total value tool tool, c relative objective value, and d stakeholder value tool. (Color figure
online)

each parcel represents the current land use. The colour in the box in the middle of a
parcel shows the land use type that results in the highest total value. If the current land
use is the same as the best land use no box is shown. The following weights were used
to calculate total values (Table 1):

The ‘relative objective value tool’ shows a percentage of the best- andworst- scoring
objective values. The tool can be seen as a reduced version of the first tool as it only
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Table 1 Objective weights
Total Agriculture Soil Nature

1.00 0.50 0.25 0.25

Table 2 Stakeholders weights
Stakeholders Agriculture Soil Nature

Intensive agriculture 1 0 0

Extensive agriculture 0.5 0.25 0.25

Nature 0 0.25 0.75

shows relative values on the map. The aim is to have less information on the map so
that selection of areas of interest will become easier or faster. For each objective the
current values are ranked. Using this ranking the highest and lowest ranking parcels
are identified. In this study the 20% highest and lowest were presented (Fig. 7c).
The relative value of each objective is presented in three classes where red represents
the lowest 20%, green the best 20% and white all intermediate parcels. The relative
objective values depend on both land use and water level. After improving a parcel
by changing either land use or water level, a new ranking decides which parcels have
again the 20% highest and lowest value at that moment in time. This can be used to
search for possible bottlenecks to identify areas in need of improvements. The amount
of information to be processed by stakeholders is reduced as only the top and bottom
20% are presented.

The final tool is the ‘stakeholder value tool’, which is linked to land use. The map
shows which change is preferable for which stakeholder. Table 2 shows three stake-
holders. Intensive farmers are assumed to be only interested in agriculture. Extensive
farmers are assumed to also have an interest in soil and nature, while the stakeholder
responsible for nature is assumed to have an interest in soil and nature only. Byweight-
ing the objectives the stakeholder values can be calculated. This tool shows potential
values for each stakeholder: the potential value if the land use is changed to the pre-
ferred land use of the stakeholder. Themap shows the best andworst 20%of the parcels
for each stakeholder. The three boxes now represent the three land uses (Fig. 7d). The
left box represents intensive grassland, extensive grassland in the middle and right
nature. A threshold is specified say 20%, indicating the best and worst 20%. A box is
red or green if it is with the worst or best 20%; otherwise it is white. These values are
independent of the land use of a parcel. The land use type that leads to a high value
is green and the land use type that has a low value is red. As a response users can
change land use if the current land use is presented with a red box or if another land
use type is presented with a green box. Table 2 shows how the objectives are linked
to the stakeholders.

In summary, the tools differ in the amount of information, the number of calculation
steps to process the underlying information, and the degree of ambiguity. The first three
tools show information about three objective values with each three legend classes and
provide information that leaves room for discussion. The last tool only shows a single
value and directly suggests a change. This tool is more prescriptive to the decisions
to be made. The tools differ from each other as the second tool includes an additional
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Fig. 8 Visualization of four geodesign tools with the current water level as a background layer: a objective
value tool, b total value tool tool, c relative objective value, and d stakeholder value tool. (Color figure
online)

ranking. The third tool is even more complex as weighting was included, and the
aggregation of the last tool results in less information on the map. The values are
presented as boxes which leave the background map visible. Linking the boxes with
different maps can provide insight into the influence of different factors on objective
values. From Fig. 7a, for example, it does not become clear why parcels 3 and 4 have
a low value for agriculture. In Fig. 8 the tools are shown on top of the current water
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level. Figure 8a reveals that parcels 3 and 4 have a high water level which decreases
the value of agriculture.

5 Results

This section presents the results of the survey. Four geodesign tools were developed to
present stakeholder objectives. The tools vary in the way the values of these objectives
are presented. Tool performance was divided in communicative performance and task
performance. Communicative performance is defined as the ability to deliver infor-
mation from the map to the user. Task performance is defined as tool functionality
and describes how well a tool supports a specific task. The results of the survey are
described in four steps: (1) respondents’ characteristics (2) communicative perfor-
mance, (3) task performance, and (4) overall performance.

5.1 Respondents

The online survey was completed by 49 of the 78 respondents (completion rate of
63%). The respondents that finished questions about the first tool completed the sur-
vey. The respondents that dropped out, had already stopped after the first substantive
question. The respondents were students (63%) and researchers (27%). They were
experienced or very experienced with maps (51%), land use maps (35%) and GIS
(22%). The average duration of completing the survey was 43 min, though it was not
registered whether the respondents had small breaks between questions. The ques-
tions in the survey were found to be difficult by 39% of the respondents (e.g those
that checked difficult or very difficult on a five point Likert scale).

5.2 Communicative Performance

A distinction was made between static and dynamic performance. Static performance
was assessed in twodimensions. First, the respondentswere asked how they interpreted
the map patterns. Second, they were asked about the underlying relations. Dynamic
performancewas tested by changing the land use in all four tools followed by questions
about changes in the maps. For static performance, 22 respondents (45%) answered
all questions correctly. From the 27 (55%) that had made mistakes, there were 15
respondents who made multiple mistakes. The 22% that were wrong on the relative
objective tool all picked the same wrong answer. They interpreted the map as if it was
the absolute objective tool. For dynamic performance, 9 respondents (18%)were com-
pletely correct and 31 (63%) made only 1 or 2 mistakes. The scores of communicative
performances for all respondents are shown in Table 3.

The objective value tool includes no additional calculation steps. As expected this
tool scored high on all categories. A score of 96% implies that two respondents
(4%)gave the wrong answer. The tools that include a ranking step, the Relative objec-
tive value tool and the Stakeholder value tool, have lower rates. This is especially the
case for dynamic performance.
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Table 3 Communicative performance rates for different geodesign tools. Performance is expressed as the
percentage of correct answers (n = 49)

Map type Performance
dimension

Obj. value tool
(%)

Rel. obj.
value tool (%)

Total value
tool (%)

Stakeholder
value tool (%)

Static Map patterns 96 76∗ 100 94

Static Map relations 96 80∗ 67∗ 92

Dynamic Map change 96∗ 59 61 53

*Significant different performance compared to the other tools (p < 0.05)

Map patterns were found most difficult to understand using the relative objec-
tive value tool as compared to the objective value tool, the total value tool, andthe
stakeholder value tool. Understanding the underlying relationships was easier for the
objective value tool compared to the relative, and the total value tool. This suggests
that aggregation as well as ranking decreases the ability to understand the relations
that formed the map. The dynamic performance of the total value tool is low partly
because of the relative high percentage that was indicated as ‘do not know’ and listed
as wrong (12%), compared to 0–6% for all the other questions.

The relative value tool and the stakeholder value tool use a percentage to calculate
the best and worst parcels. This percentage is dependent on the planning task, for
example, 20%, when the assignment is to allocate extensive grasslands in 20% of
the area. It was tested whether the respondents understood the effects of a change
in this percentage. The respondents were presented with a map based on different
percentage and were asked whether they thought that the percentage was increased,
decreased, unchanged or whether they had no idea. Only 51% of the respondents
correctly understood in which direction the percentage had changed, 14% of the
respondents had no idea and another 33% had the direction of change wrong. From
this it can be concluded that tools presenting individual performance of spatial units are
easier to understand compared to tools based on ranking of these units. The objective
value tool and the total value toolwere best understoodbasedondynamic performance.

5.3 Task Performance

Task performance was evaluated by two questions. First, respondents were asked to
select the tool they found most suitable for a specific task. In a follow up question
respondents were asked to apply the selected tool to complete the task. The results are
shown in Table 4.

Tool application (/Total) performance represents the percentage of the respondents
that selected the correct tool and also applied it correctly. Therefore, it is never higher
than the tool selection score. The last row, tool application (/Correct tool) shows the
success rate as a percentage of the respondents that selected the correct tool. It was
not possible to derive the correct answer with the wrong tool. Table 4 shows that in
general respondents picked the right tool for the assigned task with the exception of
the stakeholder value tool which was only selected by 67% of the respondents for the
associated task.
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Table 4 Task performance rates for different geodesign tools. Performance is expressed as the percentage
of correct answers (n = 49)

Performance
dimension

Obj. value tool
(%)

Rel. obj.
value tool (%)

Total value
tool (%)

Stakeholder
value tool (%)

Tool selection 80 92 84 67∗
Tool application (/Total) 71 86 73 65

Tool application (/Correct tool) 90 93 97 97

*Significant different performance compared to the other tools (p < 0.05)

Although the objective value tool scored best on communicative performance it
scores lowest on corrected tool application. This can possibly be explained by the
amount of information that needs to be processed to perform the task. Although this
tool is the easiest to understand it requires the most information to be processed.
The tools that involve ranking, the relative objective value tool and stakeholder value
tool, only present the best and worst parcels and therefore there is less information to
process. In addition, the stakeholder value tool aggregates the information for each
stakeholder. This could explain the high performance of this tool. From the respondents
47% selected the correct tool for all tasks, 33% made one mistake and 20% went
wrong on multiple tools.

5.4 Overall Performance

The previous sections showed differences between performance rates for both com-
municative and task performance. The first relates to the dimensions (1) map patterns,
(2) map relations, (3) map change, and the second results from (4) tool selection and
(5) tool application. For each tool five questions were asked. If everyone was correct
on all questions the total performance is 100%.The influence of each dimension on
the overall performance is shown in Fig. 9.

The summation of all performance questions provides information on the total
performances for each of the tools. The tools differ in the level of aggregation and the
use of ranking. The results in Fig. 10 show that the objective value tool has highest
percentage of correctness and the stakeholder value tool has the lowest percentage.
The stakeholder value tool includes ranking and aggregation and was therefore also
expected to be the most complex.

The bars of Fig. 11 show the dimension performances for each of the respondents
ranked from low to high performance for the two levels of expertise. The respondents
1–25 are non-experts and 26–49 are experts. Those with low performance rates have
no correct answers for dynamic performance (map change) and task performance (tool
application and tool selection). Performance scores range from 30 to 100%. Almost
all people managed to answer more than half of the questions correctly but only two
respondents reached a score of 100%.

The overall performance is also influenced by the level of experience of a user. Com-
paring the total performance of the non-experts (M=14.8, SD=3.01) with the experts
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Fig. 9 Overall performances of the four tools and the contribution of each dimension.

Fig. 10 Influence of ranking and aggregation on tool performance (expressed as the percentage of correct
answers)

(M=17.0, SD=2.02) showed a significant difference t(23)=2.01, p=0.004.The per-
formance rates are higher for experts compared to non-experts for all survey dimen-
sions. In addition, the variance in the performance of the non-experts is higher (Fig. 12).

At the end of the survey, respondents were asked to assess the difficulty of the
tools using a five point scale from very easy to very difficult. The results show that
the objective value tool was perceived easier (M=2.86, SD=0.91) than the relative
objective value tool (M=3.22, SD=0.90), t(49)=1.98, p < 0.05. No correlation
with completion time and no correlation with experience could be found.

From the performance scores it could be concluded that none of the tools was found
to be too difficult (performances >72%). However, the static dimensions of commu-
nicative performance showed that the inclusion of ranking has a negative influence
on the interpretation of map patterns and understanding underlying mechanisms (map
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Fig. 11 Respondents’ performances for the five survey dimensions (n=49)

Fig. 12 Box plot of the overall
performance of non-experts and
experts (n=49)

relations) although the differences remain small. The assignment on the understanding
of map change suggests the tool that included both ranking and aggregation was less
suitable for interactive use. The analyses of the performances based on respondents
characteristics indicated that the tools were better understood by userswith some expe-
rience with maps, though were not too difficult for non-experts. In general, the tools
without ranking were perceived easier compared to those including ranking or aggre-
gation. The tools described were only used to present a maximum of three objectives.
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This is in accordance with the findings of Arciniegas et al. (2012) who concluded in an
empirical analysis of the effectiveness of map presentations of stakeholder values that
no more than three objectives should be presented simultaneously. Recently, Pelzer
et al. (2014) qualitatively evaluated the perceived added value of planning support
systems (PSS) by frequent users of a touch table device. The results of this study
show that the practitioners found improved collaboration and communication as main
advantage of the tools. The tools were specifically designed for interactive use. This
required short calculation times and the need for explanation should be limited.

6 Conclusions

Geodesign tools are used to increase the effectiveness of spatial planning. However,
effectiveness is a broad concept that can include many aspects. Only few studies
explicitly tested the effectiveness of geodesign (e.g. Inman et al. 2011; Arciniegas et al.
2012). This study measured the effectiveness of geodesign tools as tool performance.
Performance was considered high if a user is able to complete an assignment correctly
using the information presented. Knowledge on tool performance is important for
future tool use and tool design as it can provide arguments for selecting a specific type
of tools or to design a new tool.

6.1 Ranking and aggregation

The tools differed in the use of an aggregation or ranking step. Aggregation means
that the values are weighted and summed into a total value. Aggregated values support
stakeholders by combiningmultiple sources in a single attribute. Aggregation prevents
a stakeholder from having to combine objectives themselves. Ranking means that the
order of the value is used to select values. The result is information that only shows
best and worst objective values.

The tool that performed best on communicate performance was the objective value
tool. This was the most simple tool without an additional aggregation or ranking step.
Adding a ranking step lowered performance, especially dynamic performance. This
was in line with the results on perceived difficulty of the tools. Performance on map
patterns was found most difficult for the relative objective value tool. Understanding
the underlying relations was easier for the objective value tool compared to the rela-
tive and total value tool. This suggests that aggregation as well as ranking decreased
the ability to understand the relations that formed the map. Although the objective
value tool scored best on communicative performance it scored lowest on tool appli-
cation. This could possibly be explained by the amount of information that needed
to be processed to perform the task. Although this tool was the easiest to understand
it required the most information to be processed. The tools that involve ranking, the
relative objective value tool and stakeholder value tool, only presented the best and
worst parcels and therefore there was much less information to process. In addition,
the stakeholder value tool aggregated the information for each stakeholder. The sum-
mation of all performance questions provided information on the total performance
for each of the tools. The results showed that the objective value tool performed best
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and the stakeholder value tool had the lowest performance. The stakeholder value
tool included ranking and aggregation and was therefore also expected to be the most
complex. The overall performance is also influenced by the level of experience of a
user. The average performance rates for dynamic and task performance were higher
for experts compared to non-experts.

6.2 In conclusion

Tools should be as simple as possible. Adding ranking and aggregation stepsmakes the
tools more difficult to understand. On the other hand tools should also limit the amount
of information to be processed by the user of the tool. This may well call for including
ranking and aggregation steps. This stresses the importance of tailoring methods to
tasks. Further research is needed to experiment with the tools in a workshop setting
(Eikelboom and Janssen 2015), to test the tools in practice (see for example Janssen
et al. 2014) and to test the tools in different contexts (see for example Alexander et al.
2012). But maybe the most important characteristic of the tools is that they allow for
trial and error. Steinitz (2012) emphasizes that this is very important as it increases
the opportunity for experimentation and learning by doing.
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