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Abstract
The use of local knowledge adds value to the decision- 
making process, for which public participatory GIS (PPGIS) 
are widely deployed. However, there are often issues in the 
way that PPGIS are designed, particularly with respect to the 
type of spatial representation used. We propose “informed 
interfaces” as a novel approach to PPGIS interface design, 
to ensure the system can effectively reflect the interests, 
priorities and values of participants in case- specific spatial 
decision- making. This article introduces the concept before 
demonstrating the benefits of the approach using two exam-
ples of informed interfaces through an illustrative UK case 
study. Evidence was gathered from three face- to- face work-
shops and five multi- participant online usability tests, reveal-
ing that participants felt more confident in the data sets they 
produced using the informed interfaces. The results also 
confirm that informed interfaces hold the potential to pro-
vide richer, more veracious data sets for improved decision- 
making, revealing new insights into local perspectives.

1  | INTRODUC TION

The development and use of any geographical information system (GIS) is a socio- technical process. GIS is not 
merely a method for translating spatial data into cartographic form but a representation of the connections, pat-
terns and relationships between people and their environment (Obermeyer, 1995). In the early phases of devel-
opment, traditional GIS were criticised as being elitist. Inconsistent access rights, financial barriers and top- down 
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methodologies imposing external perspectives on local problems not only led to a distrust in the practice, but also 
produced ineffective outcomes (Craig & Elwood, 1998; Harris, Weiner, Warner, & Levin, 1995; Rundstrom, 1995; 
Sawicki & Craig, 1996; Weiner, Warner, Harris, & Levin, 1995).

As a reaction to these criticisms, more democratic GIS techniques evolved in order to better acknowledge 
the social, epistemological and power implications the process may have (Elwood, 2006). The focus shifted to-
wards providing marginalised communities with a voice, using an integration of place- based, non- expert knowl-
edge to aid in addressing issues such as complex land use disputes (Brown & Kyttä, 2018; Kar, Sieber, Haklay, & 
Ghose, 2016; McCall & Dunn, 2012; Radil & Jiao, 2016). Public participatory geographical information systems 
(PPGIS) encompass a wide array of practices in which social groups and individuals can participate in GIS- based 
spatial analysis, planning, knowledge production and decision- making (Elwood, 2006). PPGIS can be used to com-
pile and present spatial data from a broad range of stakeholders in order to represent individual (or group) inter-
ests and priorities (Anderson, Beazley, & Boxall, 2009). It is widely agreed that the inclusion of public, non- expert 
views in decision- making allows for a better understanding of the way people interact with the space around 
them and consequently enables more robust decisions to be made (Anderson et al., 2009; Evans & Waters, 2007). 
Accordingly, PPGIS are often used as part of spatial decision support systems or other multi- method data collec-
tion approaches to obtain public perceptions (Keenan & Jankowski, 2019).

Including members of the public in GIS- based decision- making processes brings both benefits and challenges. 
Barriers to the effective use of PPGIS include digital divides between those who can and those who cannot ac-
cess the internet or computer technologies (Gottwald, Laatikainen, & Kyttä, 2016); participation inequalities in 
how much those who can participate actually contribute (Haklay, 2016); and data- related issues, such as quality, 
credibility and the effectiveness of representations (Huck et al., 2018). Despite progress in the field since the mid- 
1990s, Elwood (2006) argued that participatory forms of GIS still fall foul of the same limitations and criticisms 
as their predecessors, such as issues around representation and inclusion. While further technological advances 
have since taken place and the limitations in the field are often acknowledged, little has been done to address 
them (Brown & Kyttä, 2018; Radil & Anderson, 2019; Robinson, Block, & Rees, 2017). As Blackstock, Kirk, Chang, 
and Davidson (2006) indicated, the validity of public involvement of any type depends on credible, accountable 
and transparent methods which connect individuals and groups to the decision- making process. In PPGIS, this 
requires the use of an appropriate interface, to enable the most effective transfer of information between the 
target population and the researchers or decision- makers.

1.1 | Representation in PPGIS

Many PPGIS interface examples in the literature use spatial primitives (normally basic points and polygons) to 
simplify complex social and geographic features into readable and replicable formats. Brown (2012) suggests that 
using point- based data collection is the simplest way to collect spatial data while yielding the highest response 
rates, reduced levels of bias and greatest participation. However, the uncritical use of basic spatial units such as 
points can in some circumstances offer a poor representation of the complex relationships between people and 
place compared to other units (Huck et al., 2018). Representing human opinion more effectively on a map re-
quires a shift from the normative approach of collecting data based on simple points and polygons to considering 
more specialised spatial units and associated interfaces (e.g., the interfaces presented by Evans & Waters, 2007;  
Huck, Whyatt, & Coulton, 2014). Such spatial units are designed to generate information which is better repre-
sentative of the specific question at hand, as opposed to being predicated on convenience, convention and avail-
ability. With the technological advances that have taken place since the millennium, it hardly seems appropriate 
that the interfaces used in PPGIS should not have advanced simultaneously. While it is often acknowledged in the 
literature that these traditional approaches are unsatisfactory, their use remains common practice in research and 
decision- making (Brown & Kyttä, 2018; Goodchild, 2011; Huck et al., 2014; Robinson et al., 2017). The continued 
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use of spatial primitives in PPGIS has been described as the “Hammer of Participatory GIS” (Huck et al., 2018, p. 5), 
referring to Maslow's “Law of the Hammer”: “if the only tool you have is a hammer, you'll treat everything as if it's 
a nail” (Maslow, 1966). This analogy highlights an over- reliance on familiar tools and techniques for the collection 
of nuanced and complex data, instead of ensuring that the question being asked is what influences the nature of 
representation used (Huck et al., 2018).

It is vital that the interface used in PPGIS reflects the values and priorities of both the participants and 
of the researchers or decision- makers. As such, new techniques in spatial representation are emerging that 
greatly expand the possibilities for both researcher and participant, and which are critical for ensuring the 
public is engaging with PPGIS in a meaningful way (Godwin & Stasko, 2017; Huck et al., 2014). It is also im-
portant to ensure the questions asked with PPGIS can reasonably be expected to be answered by members 
of the general public, without requiring advanced analytical assessment. For example, as part of an energy 
infrastructure project, we might wish to gather public opinion on the location of a potential new wind turbine. 
We cannot reasonably expect the public to have the depth of knowledge and spatial thinking skills to identify 
a location from which a proposed turbine might be visible, or at least to be able to do that accurately. Neither 
can we expect them to have a detailed understanding of the many complex factors that determine the suitabil-
ity of a location for a wind turbine. Such expectations might be one of the reasons why target audiences feel 
poorly qualified to comment in these sorts of decision- making consultations, and therefore do not participate 
(Firestone, Hirt, Bidwell, Gardner, & Dwyer, 2020). In such situations, participants can benefit from the support 
of an underlying algorithm to provide contextual information or guide the user in a way that better reflects the 
real- world situation.

1.2 | Research aim

To address the reliance on simple spatial primitives in PPGIS, this research considers how the type of representa-
tion used might enable participants to engage more effectively in the decision- making process. Specifically, we 
ask how PPGIS interfaces might be designed in a way that better supports the researcher (in the question they are 
asking) as well as the participant (in the answers they are giving).

In answering this question we introduce and demonstrate the concept of “informed interfaces” in PPGIS: 
purpose- built systems that utilise underlying algorithms to provide case- specific, contextual information that sup-
ports and informs both the participant in making their choice and the decision- maker or researcher in interpreting 
the resulting data set. Such interfaces are commonplace in traditional GIS, yet rarely seen in PPGIS where the 
focus is on members of the general public providing their views on spatially explicit questions to support the 
decision- making process (as opposed to specific groups of stakeholders). While there are numerous factors that 
influence the success of PPGIS such as geodesign (e.g., Burnett, 2020) or sampling design (e.g., Brown, 2017), this 
research focuses on spatial representations and seeks to encourage the use of more considered spatial units to 
progress the field of PPGIS. The objective is to encourage the use of more informed interfaces to improve the 
veracity and value of data collected from the general public, as well as progress the field of PPGIS through more 
effective spatial representation.

2  | METHODS

We demonstrate the potential of informed interfaces through two examples, the first of which relates to the visual 
impact of wind turbines and the second to designing footpaths, using the isles of Barra and Vatersay, Outer Hebrides, 
UK as a case study. This section begins by detailing the case study, before explaining the interfaces designed and how 
they were assessed through both face- to- face focus groups and a remote usability study.
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2.1 | Case study

The isles of Barra and Vatersay (Figure 1) have an area of approximately 70 km2 and a population of around 1,300 
(Comhairle nan Eilean Siar, 2011). The interior geography of Barra and Vatersay (two islands joined by a short 
causeway) consists of machair (low- lying grassy plains), uninhabited hills and lochs, with the population residing 
in hamlets and crofts along the coast. This location offers a unique opportunity to explore the use of informed in-
terfaces in PPGIS as the residents have recently produced a Local Energy Plan enabling existing and future energy 
needs to be assessed, opening up further opportunities to obtain local views (Local Energy Scotland, 2018). The 
plan identifies electricity production and active transport as two key areas of concern, largely due to the remote 
location of the isles, which makes importing fuels both challenging and expensive.

2.2 | Informed interfaces

The algorithms underlying the two “informed interfaces” used in this research are widely available in traditional 
GIS packages, but are not normally used as part of web- based PPGIS. To ensure transparency in the data collec-
tion process, both interfaces are available online at https://gitlab.com/timna/informed-interfaces. This not only 
gives those taking part in the research the opportunity to see exactly how their data are being collected (therefore 
increasing transparency and trust in the process) but also enables the tools to be integrated into research with 
only minor alterations (i.e., the parameters of the algorithm or location).

F I G U R E  1 The isles of Barra and Vatersay, Outer Hebrides, UK

https://gitlab.com/timna/informed-interfaces
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2.2.1 | Using viewsheds as an informed interface

The first interface uses viewsheds (a visibility structure that represents all visible points from the selected 
viewpoint) as a spatial unit, calculated and drawn in real- time in response to clicks on the map (Kaučič & 
Zalik, 2002). The viewshed indicates all of the locations from which a 50 m tall wind turbine would be visible to 
an individual standing at the click location (with eye level set at 2 m above the ground, a 360° field of view and 
a maximum visible distance of 5 km). As participants click on multiple locations from which they would not wish 
to be able to see a turbine (e.g., their house, or a hill summit with a “nice view”), the map will then be populated 
with a cumulative viewshed delineating the areas in which a turbine should not therefore be placed in order to 
meet the desires of that individual participant. Asking participants to specify locations from where they would 
not wish to see a turbine is a question to which they can reasonably be expected to be able to answer without 
further information being provided. This contrasts with more traditional approaches to planning- based PPGIS, 
which have asked participants to identify locations they view as suitable or unsuitable for a wind turbine (Huck 
et al., 2014), or choosing from already designated areas (Mekonnen & Gorsevski, 2015). These are complex de-
cisions for which a non- expert cannot be expected to provide an informed response. The approach presented 
here, however, is able to facilitate the asking of questions that better reflect how participants think they would 
experience the installation in real life, and also provides them with contextual information about the implica-
tions of their decisions (because they can see the viewshed as they add locations to the map, and choose to 
accept or reject them accordingly).

Within the interface, multiple viewsheds can be added to the same map, resulting in a composite viewshed 
of all of the locations at which each participant would not wish to see wind turbines, that is, as a composite of 
viewsheds for homes, vantage points and other significant locations where seeing the turbine would have a neg-
ative impact for that participant (as shown in Figure 2). Over multiple viewsheds and users, an inverse suitability 
surface is generated, with the areas containing the fewest viewsheds (or none at all) being the most acceptable 
to the participants.

In this way, both the participant and the decision- maker gain a more comprehensive view of the expected 
visual impact of a wind turbine without increasing the level of effort or technical skill required. The use of the 
informed interface, together with a reframed question, means that the participant is more empowered to provide 
meaningful answers. In this case participants are given the considerably more straightforward task of entering 
known point locations which denote places to shield from view (e.g., homes) as opposed to being asked to accu-
rately assess point locations where turbines would be invisible from those places. From the perspective of the 
researcher, the data set provides a meaningful insight into the participants' views on spatial variations in the visual 
acceptability of a wind turbine development across the isles, as opposed to a collection of somewhat arbitrary 
points indicating understandably ill- informed opinions on where a wind turbine should or should not go. From 
the perspective of the participant, they are able to provide more informed locations in their answers, using the 
viewshed to understand the implications of their choice, and in doing so better understand the decisions that 
they are making. As such, the proposed interface is better suited to support the question being asked by giving 
participants the opportunity to make better- informed decisions, and generating a more robust and useful data set 
for the researcher.

2.2.2 | Using the A* algorithm as an informed interface

The second interface uses a routing algorithm to generate least- cost paths between nodes (click locations) entered 
interactively by the participants to indicate where they would like to see new footpaths and pavements on the isles 
(Hart, Nilsson, & Raphael, 1968). The interface using the algorithm has the potential to improve support for partici-
pants by removing the need for detailed digitising and for making judgements about what might be a realistic route. In 
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Gottwald et al.'s (2016) research into the usability of PPGIS among older adults, the drawing of a digital line proved to 
be such a major challenge that the tool was removed completely. The use of an informed interface removes this barrier, 
enabling participants to just select a start and end location should they wish, with the resultant route still being feasi-
ble. Additionally, by masking specific areas in the base map, the routes are ensured to be physically feasible (avoiding 
water, steep slopes and other impassable obstacles). Elevation was selected for the underlying data set as people tend 
to follow the easiest and most comfortable route when walking, avoiding sharp changes in elevation (Ciolek, 1978).

The use of simple digitised lines in PPGIS can also present challenges to the researcher with regard to aggregating 
and making sense of the data collected. One example derives from the challenges caused by the varied levels of gen-
eralisation that users might employ in representing their route choices. For example, if multiple participants are trying 
to plot the same route between two points, it is unlikely they will draw exactly the same route, even if they intended 
to do so. One participant might just draw a straight line segment between the two locations, whereas another might 
draw a far more detailed path. There is then no way of knowing whether they both meant the same route and just 
had different time available to complete the survey, had different levels of skill, or drew the routes exactly as desired 
(both being intentionally different). This challenge arises from varying levels of generalisation both between lines that 
have been digitised by different users, and between multiple lines that have been digitised by the same user (Figure 3).

The A* algorithm is a widely used, heuristic- based method of finding the most efficient route across a net-
work. Here, it is used to address the challenges found in line- based PPGIS by rejecting the traditional line digiti-
sation model in which user- generated nodes are joined with straight edges. Instead it adopts one in which each 
node is joined to the next with a least- cost path, using an underlying elevation surface (Figure 4). The use of a 
routing algorithm means that the level of generalisation is standardised (to the spatial resolution of the DEM) 
across all users and routes. This standardised level of generalisation means that similar inputs will follow the same 
route, avoiding the need for path bundling, which can draw results away from their intended location (McGee & 
Dingliana, 2012). This also facilitates analysis using supervaluation, akin to the concept of “desire lines” used by 
landscape architects, whereby paths are routed based on the lines on the ground caused by the greatest num-
ber of people walking there (Bates, 2017). Accordingly, the resulting paths avoid issues around comparability 
and representation, while permitting the user to maintain full control over the final route. As the interface stan-
dardises the level of generalisation in the resulting paths, it takes the onus for digitising quality away from the 
participant's individual mapping effort or skill and places it instead on the spatial resolution of the data set. This 

F I G U R E  2 Screenshot of the informed interface using viewsheds, with areas considered unacceptable 
locations shown in red
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enables collective knowledge to be presented in a clear and uniform manner to decision- makers. In this instance, 
the Ordnance Survey (2019) Terrain 5 DEM was resampled to a spatial resolution of 35 m and converted into 
JSON using raster2js (Huck, 2019). This resampling allowed an acceptable compromise between granularity and 
processing speed, with a near- instantaneous calculation time for each user click.

As the algorithm highlights (in real time) the least- cost path between locations, the user can edit the route by 
adding more or fewer nodes, in order to maintain full control over the final path. Accordingly, the influence of the 
algorithm on the resulting route is inversely proportional to the level of detail described by the participant. Once 
a path has been drawn and saved on the map, it remains at a lower opacity so that the participant can view all of 
their submissions simultaneously. The use of the A* interface allows the participant to more effectively represent 
their ideas, while the standardisation of generalisation in the resulting routes makes processing easier for the 
researcher and the answer to the question being asked more meaningful and readily answered by the participant.

F I G U R E  3 An illustration of a single line digitised with varying levels of generalisation

F I G U R E  4 Screenshot of the A* interface connecting multiple nodes (blue markers) with least- cost paths (red 
lines) based on elevation
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2.3 | Data collection

Each of the informed interfaces was tested through both face- to- face workshops with residents of the isles, and 
remote usability testing with the general public, the details of which are presented below.

2.3.1 | Face- to- face workshops

In response to the challenges around transport and energy infrastructure highlighted in the Local Energy Plan, two 
distinct questions were developed:

1. From which locations would you not wish to be able to see a wind turbine on the isles of Barra and 
Vatersay?

2. Where would you like new footpaths or pavements to be developed on the isles of Barra and Vatersay?

Responses to these questions were collected at three facilitated workshops across the three main settlements 
on the isles in November 2019 with a researcher in attendance. Workshops were advertised to residents on a local 
social media group, in the local paper and with posters at the venues used. A total of 22 participants (about 2.3% 
of the eligible population on the isles) attended the local, in- person workshops, contributing 107 footpaths and 18 
viewsheds. Thirteen of the participants identified as female and 16 of the participants were over 51 years of age. 
Participants were not compensated for their time or incentivised to participate. During these workshops, partic-
ipants were asked the two spatial questions using the two interfaces, and standard demographic data were also 
collected (including gender and age). Alongside the mapping element of the workshop, participants were required 
to add free text to explain their contribution and provide feedback on the interface, thus enabling qualitative and 
quantitative responses to be captured and analysed simultaneously. A workshop diary was kept to record addi-
tional data; however, all of the quotes used in this article are taken directly from the online participant comments.

2.3.2 | Usability testing

Two further interfaces using simple points and lines were developed to be used as a comparison to the informed 
interfaces, with all four hosted alongside two usability questionnaires. The new site and data collection format was 
beta- tested on a group of nine expert GIS users to ensure the interfaces and instructions were understandable and 
to locate any bugs, prior to the formal focus groups. Five focus groups were conducted in January 2021 via cloud- 
based video conferencing. A total of 37 participants attended the online focus groups, of whom 19 identified as male, 
with nine being over the age of 51 years (Figure 5). Fifteen focus group participants had some experience of public 
consultation and 29 were very familiar with or experts at using a computer. Although 30 participants had achieved 
an undergraduate degree or higher, 21 of the participants did not consider themselves familiar with mapping.

The focus groups began with a short presentation outlining the research before participants were asked to 
complete the comparative map survey and subsequent questionnaires, in which the viewshed and A* routing 
interfaces would be directly compared to simple point-  and line- based interfaces, respectively. For this study, the 
questions were reframed to reflect the fact that participants did not live on the isles:

A Design a new footpath route between Castlebay and the airport.
B Imagine you live in one of the hamlets on Barra and enjoy the picturesque views from the inland areas of the 

isles. From where would you not like to see a wind turbine?
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The order in which questions A and B were presented to each user was randomised, as was the order in which each 
interface for the relevant question was presented in order to control for fatigue bias. Each question was accompanied 
by an instructions page, the two interfaces, and a questionnaire in order to gather feedback on their comparative qual-
ities. Once again, participants were offered no incentive or compensation for taking part in the focus group. Standard 
demographic data were collected, with additional information collected on experience levels (i.e., education level ob-
tained, computer experience, mapping experience and any past experience of participating in public consultations). The 
questionnaires set out a series of Likert- scale questions asking participants to select which interface they preferred 
across 20 questions regarding mapping, effectiveness and representation, or whether they found them both the same 
(based on Ballatore, McClintock, Goldberg, & Kuhn, 2019). These were followed by four free- text questions designed to 
collect more detailed feedback on the informed interface specifically. While the spatial and textual data from the face- 
to- face workshops were both analysed, only the questionnaire responses were analysed from the usability study. This is 
because the mapping tasks in the usability study were hypothetical in nature and designed purely to ensure participants 
gave sufficient time to exploring the interfaces before assessing their usability in the questionnaires.

3  | RESULTS

This section presents the results from the case study workshop with local residents and from the separate us-
ability study focus groups. The results regarding the viewshed interface are analysed first, followed by the results 
from the A* interface.

3.1 | Viewshed results: Case study

The data collected using the viewshed interface are presented in Figure 6, with the darker areas indicating where 
a greater number of viewsheds are overlaid. The darker areas indicate where most participants would prefer not 
to see a turbine from the perspective of minimising visual intrusion at key points of interest.

It is clear from Figure 6 that there was a strong preference for avoiding areas towards the south of the isles, 
predominantly on Vatersay and the more residential areas located towards the south of Barra. It is notable that 

F I G U R E  5 Age category for all participants who took part in the November 2019 workshops and January 
2021 usability testing
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locations in which a viewshed is absent (the grey areas in Figure 6) do not necessarily indicate areas where resi-
dents would explicitly like to see a turbine, but instead show locations from where residents are more ambivalent 
about turbines being visible. This knowledge can then enable decision- makers to identify areas that should cause 
least conflict in the planning process.

Due to the small size of the isles and known limitations of the current energy infrastructure, local residents 
have a relatively high level of knowledge of local electrical systems. This knowledge resulted in some participants 
adding further details on why certain areas were unsuitable, as opposed to reasons purely related to visibility as 
indicated in the qualitative feedback:

Not got the infrastructure for a turbine on Vatersay. (Female, 51– 60)

The viewshed interface was designed to identify where participants would not wish to see a turbine, 
based on the dominant public view given in the literature (i.e., that wind turbine visibility is undesirable; e.g., 
Wróżyński, Sojka, & Pyszny, 2016). However, the prevailing view on the isles appeared to be that the benefits 
of wind energy outweigh any perceived negative visual impact. Residents were therefore overwhelmingly in 

F I G U R E  6 Cumulative viewshed formed from the 18 data sets collected from the residents of Barra and 
Vatersay
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favour of having turbines regardless of location, and accordingly, many participants submitted no viewsheds 
whatsoever.

While a number of participants did not contribute viewshed data, they still tested the interface and provided 
feedback. Participants found the tool easy to use, providing feedback such as:

Very easy to use if you follow instructions. (Female, 31– 40)

Participants also commented on specific benefits of the informed interface. One participant, for example, initially 
selected a high peak as a location from which they would not wish to see a turbine, but upon seeing that this would 
mean that a significant area of the island would also be blocked out, changed his mind:

I wouldn't actually mind being able to see the turbine if it meant we could make more energy on the 
island, I didn't expect it to be seen for so far though. (Male, 61+)

This example demonstrates how the informed interface can give participants a better understanding of the 
decisions that they are making. By being able to see the immediate impact of his choice and having the capac-
ity to reassess based on the information provided by the viewshed, the participant has been able to present 
a more balanced and informed opinion. Additionally, it reduces the spatial accuracy problem associated with 
point- based PPGIS, as the viewshed represents the combined visual impact on the area rather than simply the 
pinpoint location of the wind turbine.

3.2 | Viewshed results: Usability testing

The results of the comparative usability test between the viewshed and point interfaces are presented in Figure 7. 
For the majority of questions relating to the functionality of the underlying web map, the two interfaces were 
found to be “both the same”, as would be expected (as both were based on the same Leaflet web map). However, 
all but one participant found the informed (viewshed) interface better for decision- making. The informed interface 
helped 31 of the participants decide turbine locations and all but three agreed that it helped them understand 
more about locating a wind turbine more generally.

The free- text questions gave participants the opportunity to add reasons for their answers, such as:

Viewshed gives you a much better idea than guesswork about what is visible from where. Points 
give basically no info except remembering where I clicked. (Male, 18– 30)

I think the Viewshed tool made it easier to inform my mapping decisions as it allows me to see the 
context in which I was making a decision. (Male, 18– 30)

Despite the positive reactions to the informed viewshed interface, some participants reported finding it more 
complicated:

[The viewshed tool was] More complicated for the initial user but probably easier for a planner. And 
easier to show a group the collective implications of a turbine location, not just individual points. 
(Female, 18– 30)
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In contrast to the informed viewshed interface, participants reported finding the point- based tool ineffective by 
comparison. For example, two participants, neither of whom had any mapping experience, stated:

The points tool was rather hard to use as I felt like I could just put points anywhere and everywhere 
without really understanding where they were going. (Male, 51– 60)

[The viewshed tool was] Easy to use. Good way to gather local opinions and work out any utterly 
unacceptable locations. (Female, 51– 60)

There were no discernible differences in how participants found the usability of the informed interface based on 
their age, gender, mapping experience or computer experience.

F I G U R E  7 Participant responses to each question from part 1 of the usability testing questionnaire regarding 
the two wind turbine locating interfaces, with bright blue squares indicating the most popular answers and red 
indicating the least
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3.3 | A*results: Case study

Figure 8 presents the complete “raw” data set produced using the A* interface alongside the processed data 
demonstrating the potential network of footpaths and pavements. In Figure 8a the darker lines indicate where a 
greater number of participants desired the same paths to be located. These include areas that might be expected, 
such as the three main settlements, but also the centre of Barra and a particularly picturesque beach along the 
north coast.

Again, qualitative feedback was obtained from the interface in addition to the routes themselves, with each 
new path requiring some comment or explanation in order to be saved to the database. The responses predom-
inantly fell into two categories: first, routes that participants wished to be made more accessible for their scenic 
value through the use of footpaths; and second, an increase in pavements along the road for the purpose of safety 
and accessibility. For example:

This is a traditional walk where people would cross the cliff from Claid to Aoligarry passing Dun 
Chliff and if so wish can carry on across Traigh Eais to Dun Scurrical. (Male, 61+)

[Current road infrastructure is] busy, narrow, large vehicles, unsafe for anyone walking. (Female, 
51– 60)

While Figure 8a shows the initial output for the decision- maker, it is clear the interface also met the requirements 
of the participants in answering the question, as they validated the claim that the interface was both usable and useful 
in the qualitative feedback, adding comments including:

F I G U R E  8 The 107 potential footpaths (totalling 541 km) designed by residents of the isles of Barra and 
Vatersay, showing: (a) the raw resulting paths; and (b) the processed data set of potential footpath and pavement 
networks
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Like that it finds you the easiest route, very neat. (Female, 61+)

Based upon the raw geometric data set and qualitative data provided by the online comments, the second map 
(Figure 8b) was produced illustrating a proposed path network, in which duplicates have been removed, loops have 
been closed, and classifications have been added to distinguish proposed pavements (i.e., concrete, raised and along-
side a road) and footpaths. This proposed network comprises an increase of approximately 400% to the current 
network length, comprising the addition of 192 km of new footpaths and 43 km of new pavements, which cover 
approximately 40% of roads on the isles (including all primary roads).

The abundance of responses from even a small number of participants suggests that the interface was easy to 
use and effective for the task in hand, enabling those with no experience of route- planning to collectively create 
a new network of footpaths and pavements. For the decision- maker there are clear, realistic routes presented by 
residents from which new plans can be drawn without complications around generalisation, casting any doubt as 
to the reliability of the data.

3.4 | A* results: Usability testing

As with the turbine example, participants largely preferred the informed (A*) interface for footpath routing 
(Figure 9; bright blue). However, in this case there was some variation in the extent of that preference, that is, 
spread over a range of adjacent categories (light blue). Although not found as straightforward to use as the views-
hed interface, most participants felt the A* interface enabled them to achieve the set task effectively. There is 
a clear preference towards the informed interface when it comes to questions regarding decision- making with 
30 participants identifying it as the most useful. Twenty seven participants found it helped them decide foot-
path routes; and 26 found they learned more about footpath routing from the A* than the line- based interface. 
Participants who preferred the informed (A*) interface commented:

I found the A* tool much easier as it allows you to see which route would be the least difficult and 
gives you a better sense of the way the land lies. (Female, 18– 30)

A* made life a lot easier rather than clicking loads of little lines. (Male, 51– 60)

While over half of participants found the A* interface made their mapping decisions easier, this was not unani-
mous. Some preferred having control over the route taken instead of being drawn towards the easiest route based 
on elevation. Although feedback was more mixed, interface preference did not seem to be explained by age or 
experience. For example, both of the following quotes are from two different 18– 30- year- old digital mapping 
experts:

Made it more complicated. When I was trying to draw a path to follow contours round hills the A* 
tool kept making me “walk” slightly down then uphill again. This made my path look frustratingly 
inefficient. (Female, 18– 30)

Definitely a positive to inform mapping decisions, it allows the user to see the wider context of 
where they are placing their footpaths, and it's quicker to map rather than mapping lots of individ-
ual points. (Male, 18– 30)

Suggestions for developing the tool further included making the route draggable, giving the user a preview of 
the route to their mouse location before they click, and allowing the user to influence the underlying algorithm by 
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adjusting a setting to make routes either “faster” or “easier”, for example. It would appear that many of the difficulties 
found with using the informed A* interface came from the latter suggestion, in that participants did not feel that ele-
vation was the most appropriate factor:

Maybe add more control to the least cost bit, so it could be based on speed or distance not just the 
lay of the land, (Female, 51– 60)

Being able to drag the path to change slightly the path without changing the waypoints. (Male, 
31– 40)

F I G U R E  9 Participant responses to each question from part 1 of the usability testing questionnaire regarding 
the two footpath routing interfaces, with bright blue squares indicating the most popular answers and red 
indicating the least
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Based on both the results from the multiple choice and free- text questions, the informed interface has again 
proved more effective in supporting the decision- making process than the more conventional (lines) interface.

4  | DISCUSSION

This research has highlighted how the use of informed interfaces can produce more realistic and usable data sets 
in GIS- based spatial analysis, planning, knowledge production and decision- making. The analysis of the two case 
studies in the Outer Hebrides, UK, combined with the results from the usability study, indicates that the use of 
informed interfaces can benefit both the researcher and the participants. Our viewshed- based interface was 
shown to be more effective for guiding participants' decisions about where turbine views would not be desir-
able compared to an equivalent point- based interface. In turn, onward users of the data set could be confident 
about obtaining a more considered, robust and fit- for- purpose data set, (i.e., to meet public consultation goals). 
Similarly, our A* informed routing interface was generally preferred over digitising paths with simple lines. By 
using least- cost paths between nodes as opposed to straight- line segments, the skill- based barriers found by 
Gottwald et al. (2016) are reduced, placing the onus for data quality on the algorithm and background data set 
rather than the assumed ability of the participant.

The uncritical use of spatial primitives has been widely criticised in the literature (Brown & Kyttä, 2018; 
Goodchild, 2011; Huck et al., 2014; Robinson et al., 2017). Both of our “informed interfaces” were therefore de-
veloped to support participants in answering the two specific questions posed, instead of allowing “the Hammer 
of Participatory GIS” to dictate the questions being asked (Huck et al., 2018). The informed interfaces empowered 
participants to feel more confident in the data sets they produced and their usefulness in the decision- making 
process. This distinction between the usefulness of informed interfaces and interfaces using spatial primitives 
became particularly apparent in the direct comparison in the usability studies. In asking appropriate questions 
coupled with the support of an informed interface, participants can be reasonably expected to answer complex 
spatial questions without prior technical knowledge on the subject. Such technical developments may provide an 
important link in the “chain of trust” (Dwyer & Bidwell, 2019) through facilitating more meaningful community en-
gagement processes and therefore helping to overcome some of the barriers suggested by Firestone et al. (2020).

While still deemed most useful in the decision- making process, some participants did find the informed inter-
faces more complicated to use during the usability testing. This contrasted with the in- person workshops (which 
had the benefit of a researcher being present), during which no participants reported this same issue. While the 
difference in age demographic of those who attended the in- person workshop and online focus group should 
be noted (with participants on the isles being notably older than those who attended online), there were no ap-
parent connections between the degree to which participants found the interfaces more complicated and their 
demographic or mapping experience. This suggests the use of a more informed interface does not require addi-
tional training or effort from those who participate, given a base level of computer literacy. Indeed, much of the 
feedback for the A* interface suggested that increasing the complexity would improve the interface, for example, 
by displaying a “preview” of the route as the participant moves the cursor around the map, removing the need to 
edit and redraw points; or by increasing the number of variables which control the underlying algorithm such as 
distance or speed so that participants can select their priority, giving further feedback to the decision- maker. As 
such, the balance between an interface being more complicated and more useful is difficult to define and will vary 
between participants and situations, so it is important for the wider social context of the research to be consid-
ered when designing the most suitable interface.

The engagement process is also important. Although instructions provided were similar in content and a facil-
itator was present, online focus group participants seemed reluctant to ask questions or seek assistance, prefer-
ring to leave any feedback about the tools in the online questionnaire. Conversely during the in- person workshops 
there was much greater interaction both between participants, and participants and the facilitator. This created 
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an atmosphere of trust in which participants were more comfortable asking questions and seeking assistance to 
use or better understand the tool. This is despite the participants being predominantly older adults, which has 
presented challenges in similar PPGIS research (e.g., Gottwald et al., 2016).

The results from the in- person workshop data collection also demonstrate the types of additional insight that 
can be revealed by using informed interfaces, such as the thought process of participants changing their minds 
based on the immediate feedback from the viewshed interface. Equally, participants trusted the A* algorithm to 
take them along the easiest route. The algorithm was particularly beneficial for non- residents unfamiliar with the 
local terrain, but it helped to improve the data provided by all participants (whether local or not). The data sets 
obtained from the use of informed interfaces are intrinsically richer, as participants are presented with feedback 
on their decision in real time, and then given the option to adjust or accept it accordingly.

The results from both informed interfaces demonstrated in this article are overwhelmingly positive with re-
gard to supporting participants in providing their answers and in turn giving the researcher more confidence in 
the validity of the resulting data set without adding bias from intermediary steps in analysis. Despite this, there 
are certain limitations to the approach, such as the additional skill or funding required to design and develop the 
appropriate tools, as well as supporting participants in their use of the resulting interfaces. However, the two ex-
amples demonstrated in this article give an indication of the potential of informed interfaces for empowering and 
engaging participants in consultative exercises. The interfaces provide a foundation for use in other visual impact 
or routing decisions, but are not limited to these areas.

5  | CONCLUSIONS

This research sought to assess how PPGIS interfaces might be designed in a way that better supports the re-
searcher (in the question they are asking) as well as the participant (in the answers they are giving). Through using 
conventional GIS tools as spatial units in two purpose- built web- based interfaces we demonstrate how partici-
pants can better answer the questions being asked and consequently produce richer, more veracious data sets. 
Although our examples are most directly relevant to visual impact and routing exercises, the fundamental prin-
ciples apply more widely. For example, other applications in the wind industry could consider the integration of 
other conventional GIS tools into interfaces for PPGIS, for example as proxies for “ice throw” or “shadow flicker”, 
while other forms of industrial development might include pollution plume dispersal or noise propagation. The 
advantages of informed interfaces have been evidenced by both rigorous usability testing as well as being demon-
strated through a successful, in- person case study in the Outer Hebrides, UK. During each data collection stage, 
participants found the informed interfaces beneficial in their decision- making process, enabling the production 
of data sets that were straight- forward to interpret for the researcher. The use of informed interfaces facilitated 
the collection of additional insights into local opinion that would not have been possible with more traditional 
interfaces. Additionally, participants were given an increased understanding of the question at hand, with no ad-
ditional effort or skill required.

We suggest that informed interfaces provide the foundation for a step change in the development of PPGIS, 
moving away from the traditional approaches that are known to be inadequate but whose inadequacies remain 
largely unaddressed (Brown & Kyttä, 2018; Huck et al., 2014; Radil & Anderson, 2019). Informed interfaces hold 
the potential to improve and diversify spatial data representation, and therefore decision- makers' understanding 
of participants' views. Informed interfaces can also simultaneously increase the ability of participants to express 
their opinions, thus encouraging further participation and enhancing trust in participatory processes. Accordingly, 
the continued development of informed interfaces can both increase democratisation in the decision- making pro-
cess and also progress the field of PPGIS by improving the potential veracity of the data collected. This research 
has demonstrated the potential in moving beyond the status quo, providing an indication of just what might be 
achieved by abandoning the “Hammer of Participatory GIS” once and for all.
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