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Abstract

The flourishing of VGI projects has transformed the average web user into an
eager geographic data user and contributor. As it is difficult for the crowd to
perceive VGI quality, visualisation can play a critical role in communicating
data quality. At the same time, although VGI quality has been a prominent
research topic for scientists, quality visualisation has not been exploited to its
full potential. Since the crowd encompasses a diverse pool of users, VGI quality
visualisation caters for different needs and exhibits variable functionality, oper-
ating as an awareness tool for the novice user as well as an exploration tool for
the expert user / scientist. The scope of this chapter is to present a framework
for VGI quality visualisation that takes into account factors such as methods
for quality visualisation of spatial data, the nature of VGI data quality, user
profiles and the visualisation environment. In addition, a review of the available
methods for data quality visualisation, which have emerged from cartography,
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is presented, and a number of guidelines for VGI quality visualisation are pro-
posed, taking into account user characteristics.

Keywords

quality, VGI, visualisation, VGI quality awareness, VGI quality exploration,
visualisation framework

1 Introduction

Quality visualisation of geospatial data is as important as the data themselves
(Pang, 2001). The recent development in VGI projects, such as OpenStreetMap
(OSM) and Geonames, makes this topic even more critical and challenging, as
novice users now access, use and create geographic information. The novice
user does not question the quality of VGI data, as he/she is either unaware of
the quality issue or erroneously believes that quality problems do not exist in
the dataset. The source of geographic data (i.e. VGI vs. proprietary/authorita-
tive) is not perceived as an important factor when determining the credibility
of a map (Parker, 2014). A nicely designed map in terms of cartography and
an operational map environment, e.g. OSM, is considered as a reliable source.
Judgement is based on peripheral signals such as visual design and symbology
(e.g. ‘if it looks good and attractive, then it is good’; Idris et al., 2011). Quality
reporting in text and tables may be easily understood by experts but not by the
diverse pool of VGI users. Since visualisation can communicate data quality to
all users (Buttenfield, 1983; Drecki, 2002; MacEachren et al., 2005), it is pro-
posed to use visualisation to reveal VGI data quality.

VGI quality has been given particular attention by scientists. Much of the
work concentrates on assessing and reporting VGI quality in diverse outlets,
but only a few studies include visualisations. According to the OSM wiki, there
are a number of online web pages characterised as “Visualisation tools™ related
to ‘Quality assurance’. However, these mainly refer to error and bug reporting
tools with maps and do not constitute an actual quality visualisation environ-
ment. Visualisation has not been exploited to its full potential and scientists
have not taken full advantage of its capabilities. As a result, researchers miss
aspects of VGI quality that visualisation could reveal. One may assume that in
the early days of VGI, VGI quality measures and indicators were not mature
enough to be visually represented: past research has suggested that without
a good understanding of quality, effective approaches to visualisation remain
elusive (MacEachren et al., 2005). However, a review of the literature indicates
the existence of a plethora of measures and indicators that now manage to suc-
cessfully express VGI quality (see e.g. Antoniou and Skopeliti, 2015; Senaratne
etal., 2016).
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1.1 The Role of VGI Quality Visualisation

Visualisation can be used to communicate VGI quality to the crowd (Figure 1).
Visualisation transforms VGI quality from an issue that is rather ignored and
difficult to perceive into a perceptible and vivid data characteristic. As the
crowd consists of a diverse pool of users in terms of knowledge and experience
with spatial data, VGI quality visualisation needs to satisfy different require-
ments. Visualisation is applicable to two distinct but related activities: visual
thinking, which is exploratory and engages scientists; and visual communica-
tion, which is explanatory and refers to the distribution of existing knowledge
(DiBiase et al., 1992). Thus VGI quality visualisation can have multiple func-
tionalities: it can be considered as an awareness tool for the novice user as well
as an exploration tool for the expert user / scientist. Users with intermediate
knowledge and experience can take advantage of the different functionalities
depending on their abilities. In more detail, VGI data quality visualisation can
be considered:

o An awareness tool for the novice user that can be used to draw the attention
of the crowd to VGI quality; force the crowd to question VGI quality; com-
municate quality in a way that can be understood by the layperson; stimu-
late contribution improvements; etc. Many research projects (MacEachren
et al., 1995; Leitner and Buttenfield, 2000; Cliburn et al., 2002; Deitrick,
2007) have demonstrated that quality visualisation supports the process of

;commum, awareness

Fig. 1: VGI data quality, visualisation, users and functionality.
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decision-making and leads to significantly better decisions. Consequently,
it is important to inform users about data quality in order to select VGI data
that are appropriate for a specific purpose. Although experts do not find
uncertainty visualisation overwhelming, confusing or useless (Kunz, 2011),
with so many non-expert VGI users, there is a need to make sure that visu-
alisation is understandable by all users, not only expert ones (Jones, 2011).
This can be achieved by exploring the full potential of data quality visualisa-
tion and selecting the appropriate methods.

o And an exploration tool for the expert user / scientist that can aid researchers
to study the appropriateness and the ability of measures and indicators to
express quality; to discover dependencies to extrinsic socio-economic or
demographic factors; to explore the spatial distribution and heterogeneity
of VGI quality; etc.

1.2 A Framework for VGI Quality Visualisation

In the previous paragraph, the role of VGI quality visualisation as an awareness
and as an exploration tool has been discussed. However, although VGI quality
visualisation is acknowledged as necessary, it is also considered as a big chal-
lenge (Sester et al., 2014). As a result, a framework for VGI quality visualisation
that can facilitate and guide the successful design of VGI quality visualisation
is much welcomed; this framework acknowledges four interactive parameters
that influence VGI quality visualisation (Figure 2):

i)

ii)

iii)

iv)

VGI Data Quality: The framework takes into account the nature of VGI
datasets, the applicable data quality elements and the measures and indi-
cators used to measure quality — see Chapter 7 by Fonte et al. (2017) and
Chapter 13 by Olteanu-Raimond et al. (2017a).

Quality Visualisation Methods: Well established methods for spatial
data quality visualisation that emerge from the domain of cartography
can be integrated in the framework. Accumulated cartographic knowl-
edge can provide a number of best practices for a successful visual com-
munication and exploration of quality (see Section 4).

Users: The framework caters for end users of all backgrounds. The mem-
bers of the diverse pool of VGI users, who range from novice users to
scientists, are the final recipients of data quality, and their needs should
be covered through effective visualisation processes.
Medium/Visualisation Environment. The framework exploits the
opportunities of the medium used to deliver the map (i.e. computer or
mobile devices) and the availability of a number of smart tools such as a
graphical user interface (GUI), interactive controls, etc. that create a rich
and effective visualisation environment.
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Medium/
Visualisation
environment

Fig. 2: A framework for VGI quality visualisation.

The above factors of the VGI quality visualisation framework are discussed in
detail in Section 3.

In this context, the paper is structured as follows: Section 2 provides an over-
view of the present status of VGI quality visualisation, Section 3 describes in
detail the elements of the framework for VGI quality visualisation and Section
4 presents the state of the art in data quality visualisation methods, providing
specific guidelines for VGI data quality visualisation. The chapter ends with
conclusions and proposals for future work.

2 Present Status of VGI Quality Visualisation
2.1 Measures and Indicators for VGI Quality
Scientists assess VGI quality with measures and indicators (see Chapter 7 by

Fonte et al., 2017). A number of studies have tried to estimate VGI quality by
comparing VGI with proprietary data (e.g. Girres and Touya, 2010; Haklay,
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2010; Zielstra and Zipf, 2010), utilising measures that emerge from quality
assessment, data matching, generalisation evaluation, etc. Because measures are
not sufficient for characterising VGI quality, academic research focuses on data
quality indicators. Indicators can be categorised into (Antoniou and Skopeliti,
2015): i) data indicators (see e.g. Barron et al., 2014; Cieptuch et al., 2010a;
Kefller and de Groot, 2013; van Exel et al., 2010); ii) demographic indicators
(see e.g. Haklay, 2010; Haklay et al., 2010; Mullen et al., 2015; Tulloch, 2008;
Zielstra and Zipf, 2010); iii) socio-economic indicators (see e.g. Antoniou,
2011; Elwood et al.,, 2013; Girres and Touya, 2010; Haklay et al., 2010); and
iv) contributor indicators (see e.g. D’Antonio et al., 2014; Nedovi¢-Budi¢ and
Budhathoki, 2010). Since VGI quality is currently assessed with a plethora of
measures and indicators, the need for visual representation makes VGI quality
visualisation highly topical.

2.2 VGI Quality Visualisation

Once meta-information about VGI quality is available, there are different ways
to portray it graphically. Only a few of the VGI quality studies have provided a
visualisation of the quality; the next paragraphs present a detailed review of the
visualisation methods applied in these studies.

2.2.1 Measures

A number of studies access VGI quality with measures based on the com-
parison of VGI and proprietary data and provide quality visualisation (e.g.
Antoniou, 2011; Fan et al., 2014; Forghani and Delavar, 2014; Haklay, 2010).
Values of quality measures (e.g. distance between features, length difference
of the road network, the area and density difference of buildings, etc.) are cal-
culated for a grid that covers the study area, and are portrayed utilising colour
schemes based on hue and value.

2.2.2 Contributor Indicators

Other studies assess the ‘perceived quality’ instead of the ‘measured quality,
i.e. user perception about the data quality, which is based on personal opinion
and commentary and feedback from other users, is portrayed. Inspired by the
popular web rating system that is utilised in sites such as Amazon, eBay, iTunes,
etc. and that assesses quality on a 1 to 5 rating system, the quality visualisation
proposed by Jones (2011) results in a Virtual Globe with glyphs (e.g. star 2D,
star 3D), where visual variables such as size and colour portray the magnitude
of quality. Schiewe (2013) records the opinion of the user for the current region
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of interest in OSM with a ‘like’ or ‘dislike’ button and visualises it with picto-
grams such as smiling faces, targets, etc.

2.2.3 Data Indicators

In recent studies, a number of data indicators have been proposed and visual-
ised. Two different approaches are observed: indicators can be computed and
visualised at the feature level or using grid cells that cover the study area. In the
first approach, nodes, points and lines are used. For example, Trame and Kefler
(2011) visualised the number of versions for OSM POIs (Points of Interest)
by using a colour spectral scheme (heat map?) and overlaid the representation
onto OSM. In another study (van Exel, 2011a), contour lines were used to visu-
alise the average number of version (updates) of any node in the OSM data-
base. Contours of different values were visualised with different hues. Van Exel
(2011b) also proposed a combined visualisation of two metrics for the linear
OSM features: (i) the time passed since a feature has last been updated by the
community is visualised using a hue colour scheme and (ii) the number of ver-
sions, indicating how many updates a feature has received since its creation, is
visualised using the width of the linear symbol. In another study (Kef3ler and de
Groot, 2013), the trustworthiness of selected features was assessed by the num-
bers of versions, users, confirmations, corrections and rollbacks and was then
visualised with different hue colour schemes. Two cases of interactive visualisa-
tion have also been recorded. Antoniou (2011) used an interactive map, which
could alternate between data and quality visualisation, to visualise conceptual
compliance to the OSM wiki-based specifications for each feature, using a hue
colour scheme. In iOSMAnalyzer (Barron et al., 2013), 25 intrinsic measures
referring to ‘General Area Information, ‘Routing & Navigation, ‘Address-
Search, ‘Points of Interest-Search, ‘Map-Applications’ and ‘User-Information &
-Behavior’ were calculated and portrayed in maps using hue colour schemes.

Other studies in the literature take the second approach, which is the grid-
based approach. The densities of points and other indicators (Cieptuch et al.,
2010b) for OSM data have been computed for a grid and visualised utilising
a colour spectrum scheme. In Roick et al. (2012), OSM data for Europe were
divided into hexagonal cells and a number of spatio-temporal quality metrics
(user activity, topicality and number of features) were calculated and visual-
ised with hue and value colour schemes in a web application. The conceptual
compliance (Ballatore and Zipf, 2015) of tags was calculated on a 10 km? grid
and portrayed using a value colour scheme. In another study (Camboim et al.,
2015), completeness (number of buildings/km?, road density, road length, per-
centage of unclassified roads) and temporal quality (number of editors and
days since last edition) were computed for administrative regions and visual-
ised utilising a number of hue and value colour schemes.
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2.3 Evaluation of Existing VGI Quality Visualisations

From the above analysis, it becomes evident that VGI quality assessment has
been conducted per feature or per area (grid cell or administrative area) and
that this pattern is followed for VGI quality visualisation as well. The visualisa-
tion of VGI quality, as it appears in the studies mentioned above, can be char-
acterised as cartographically poor. Although a number of methods for quality
visualisation exist in the cartographic literature (see Section 4), only a few of
them have been applied. Most cases use only colour schemes based on hue
and value. Additionally, quality visualisation is notably presented separately,
independently from the data, offline and asynchronously. Thus, it does not
permit quality judgement while looking at the data, and it obscures data visu-
alisation, as attribute information is lost. With poor symbolisation or design
choices, quality visualisation leads to more, rather than less, uncertainty about
the data depicted (MacEachren et al., 2005). Practices for VGI quality visuali-
sation need to be revised and updated based on a framework for VGI quality
visualisation.

3 A Framework for VGI Quality Visualisation

The scope of this section is to discuss in detail the components of the frame-
work for VGI quality visualisation presented in Section 1. Each component is
analysed in order to present its contribution to quality visualisation. Finally, a
number of guidelines are proposed that can help the design of a VGI quality
visualisation environment.

3.1 VGI Data Quality

The nature of VGI datasets — see Chapter 2 by See et al. (2017) and Chapter 3
by Mooney and Minghini (2017) - and their quality aspects play an impor-
tant role in the choices regarding visualisation. Past research (Buttenfield and
Beard, 1994; Buttenfield and Weibel, 1988; MacEachren, 1992; MacEachren,
1995) has proved that the selection of a visualisation method should be related
to the quality element represented and the measure/indicator used. The
main information that users need about VGI quality focuses on fitness-for-
use. Since fitness-for-use depends on a number of quality elements (such as
positional accuracy, completeness, currency, etc.) and on criteria related to
the planned use of the data, users may need to be presented with visualisa-
tions for a number of data quality measures and indicators in order to reach
a decision on the suitability of a dataset. As a result, in order for users to fully
benefit from the provision of various measures and indicators, a wide variety
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of visualisation methods should be provided, enhanced with interactivity to
maximise functionality.

The nature of the quality indicator or measure affects the functionality of the
visualisation as an awareness tool or as an exploratory tool. For instance, qual-
ity measures that are computed through comparison with authoritative data,
although descriptive, cannot be used to support the quality awareness role: they
are computed offline, post-processing is needed and they depend on the exist-
ence of reference data, which is not always the case. On the contrary, they are
considered valuable for VGI quality exploration by scientists. Visualisation, as a
VGI quality awareness tool, requires quality indicators that can only be calcu-
lated in real time from the VGI data or other available data, for simultaneous
provision to the user.

Therefore, in order to provide for good understanding of quality and fitness-
for-use judgement, one should provide a number of data quality measures and
indicators along with visualisation support. Specific visualisation functionality,
e.g. quality awareness or quality exploration, is made possible by selecting the
appropriate quality descriptors, as explained above.

3.2 Quality Visualisation Methods

Quality visualisation can be handled as the cartographic portrayal of any other
spatial phenomenon. Thus, the analysis of the measure/indicator and the val-
ues that describe it, of the classification according to geometry (point, line,
area), and of the measurement scale (continuous or discrete; ordinal or cat-
egorical) will lead to the selection of the appropriate visualisation method.
VGI data visualisation and quality visualisation should work together as a
whole (holistic/symbiotic approach) and balance simplicity, detail, richness of
visualisation and ease of understanding. Technical feasibility should also be
considered. Methods should not be too complex, so that they can be applied
easily within the framework of a VGI project.

One of the most attractive developments in cartography, which are based on
modern technologies, is 3D mapping. 3D maps pose new challenges to cartog-
raphers, as these representations must be very well adapted to the context of
the user and must provide understandable and easy-to-perceive information
and messages. Some VGI data can be mapped in 3D. The ‘third dimension is a
growing topic in OSM (OpenStreetMap Wiki, 2017), for example, a number of
web pages provide maps with 3D rendering of buildings. Data quality visualisa-
tion methods are considered to be adaptable to the 3D context, yet the subject
hides big challenges (Bandrova et al., 2012; Jones, 2011; Pang et al., 1997).

A detailed review of available quality visualisation techniques emerging from
cartography, as well as guidelines to select the appropriate methods taking into
account usability and user experience, is presented in Section 4.
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3.3 Users

An important factor for successful map design is to know who the audience is.
Regarding VGI, there will always be a group of unknown users despite the effort
of producers to register volunteers and involve them in user groups (Vullings
et al,, 2015). Since cartographic representations can only be optimised if end
users and data types are known (Kunz et al., 2011), it is impossible to provide
successful VGI quality visualisations for all users. Users with no knowledge of
visualisation quality will work with a map differently than a professional who
has been dealing with the issue for some time (Brus and Pechanec, 2015). For-
tunately, the dual role of visualisation as a communication and as an explora-
tion tool (DiBiase et al., 1992) can serve all VGI user needs. The idea of levels
of uncertainty visualisation in relation to the experience and needs of the user
is discussed in Beard and Mackaness (1993). Three levels are distinguished:
the first level is simply a notification of poor data quality, with ‘poor’ defined
on the basis of a predetermined threshold; the second level adds detail, such as
the location and type of quality conflict, etc.; and the third level focuses on giv-
ing users methods for investigating the reasons for uncertainty. A VGI quality
visualisation environment should provide for all users and take into account
different user needs and characteristics. Based on this context, VGI quality vis-
ualisation design should address the profiles of at least two user groups, which
are opposites in terms of experience and knowledge: the novice user profile and
the expert user / scientist profile.

3.4 Medium/Visualisation Environment

Among the quality visualisation methods addressed in the literature, a fre-
quently repeated idea is that users need control over depictions of quality
(MacEachren et al., 2005). Cliburn et al. (2002) proposed to help users cope
with the complexity of the display by providing interactivity. Interactive
functionality can facilitate the interpretation of visualisation and cater for
the different needs of heterogeneous user groups. A number of choices can
be available in interactive functionality: selection among different carto-
graphic methods for the visualisation (see Section 4); or customisation of
the selected visualisation method according to user needs, e.g. configuration
of visual variables such as colour schemes based on hue and value, symbol
sizes, and data quality value classification, among others. Once the visualisa-
tion meets the requirements of the user (Kunz et al., 2011), the cartographic
representation can be analysed visually, or, in addition, explored with the
help of further functionality (e.g. a tooltip window displaying detailed infor-
mation). Of course only expert users can make good use of strong inter-
activity, whereas novice users may be restricted to graphic modification of
visualisations.
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Graphical user interfaces (GUIs) are a powerful tool in visualisation support
as they enhance functionality, through e.g. the graphic modification of visuali-
sations, screen division and simultaneous display of data and quality visualisa-
tion in neighbouring windows, interactive tools such as a ‘quality slider’ that
controls the appearance of the data in relation to quality, buttons that control
whether different components - data or quality — should be visually dominant,
etc. Functionality classification, based on Cron et al. (2007), includes: general
functions, functions for navigation, didactic functions, cartographic and visu-
alisation functions and GIS functions. Cartographic and visualisation func-
tionality (Cron et al., 2007) refers to map manipulation, redlining (addition of
drawings, labelling, and comments) and exploratory data analysis.

Apart from the need for the ability of a visualisation method to be under-
standable by any user, another important factor is the technical feasibility of the
visualisation method’s implementation (Jones, 2011). Technological advances
can now provide geospatial applications with interactivity, flexibility and user
friendliness so as to create the perfect environment for VGI quality visualisa-
tion. The integration of these qualities in the GUIs of a VGI project (irrespec-
tive of the device used) will further enhance the effort to communicate quality.

As a result, the design of the visualisation environment should strike a bal-
ance between interactivity, cartographic and visualisation functionality, and
technical feasibility, taking into account the expected functionality, e.g. quality
awareness or quality exploration, and the user profile, e.g. novice user or expert
user/scientist.

3.5 Guidelines for VGI Quality Visualisation Implementation

From the above analysis of the framework, a number of guidelines may arise
that can help the design of VGI quality visualisation:

« Various data quality measures and indicators should be provided to the user
in order to achieve successful communication of quality and permit a suc-
cessful fitness-for-use judgement;

« The nature of the VGI pool of users should be addressed and user needs
and characteristics taken into account; in particular, user profiles on the
opposite ends of the experience and knowledge spectrum (the novice user
and the expert user / scientist) should be taken into account;

« Visualisation functionality e.g. quality awareness or quality exploration
should be provided by selecting the appropriate quality descriptors or
measures;

« Visualisation techniques and guidelines emerging from cartography that
take usability and user profile into account should be applied; and

o A visualisation environment that balances interactivity with cartographic
and visualisation functionality and technical feasibility should be designed.
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4 A Review of Methods for Quality Visualisation

Research in the field of quality visualisation for geospatial data has been
ongoing for the last 30 years (Aerts et al., 2003; Buttenfield and Beard,
1994; Buttenfield and Weibel, 1988; Drecki, 2002; Goodchild et al., 1994;
Leitner and Buttenfield, 2000; MacEachren, 1992; MacEachren et al., 2005;
McGranaghan, 1993; Van der Wel et al., 1998; Wittenbrink et al., 1996; Zuk
and Carpendale, 2006). In this section, papers about geographic data uncer-
tainty and quality visualisation are reviewed and summarised, in order to
acquire a catalogue of methods/techniques that can be applied to VGI qual-
ity visualisation. This review may act as an informative guide for designing a
VGI quality visualisation.

The main challenge of any visualisation effort is to select the most appro-
priate method. Symbolisation is based on visual variables introduced by Ber-
tin (1983). These include location; size; shape; orientation; colour hue; colour
value (or brightness (Wilkinson, 2005), or lightness (Slocum et al., 2003)); tex-
ture (grain); colour saturation; arrangement (Morrison, 1974); clarity (fuzzi-
ness); resolution (of boundaries and images); and transparency (MacEachren,
1992). MacEachren (1995) describes the syntax for the above visual variables,
giving a three-step rating of good, marginal and poor, for use with numerical,
ordinal and categorical data (Roth, 2015).

In this paper, visualisation methods are presented in tables according to the
classification that appears in the bibliography (Gershon, 1998; Kinkeldey et al.,
2014a; MacEachren et al., 2005). First, intrinsic visualisation methods are pre-
sented in Table 1. Intrinsic visualisation methods (Howard and MacEachren,
1996) alter the symbology used to portray data values to additionally represent
quality, through manipulation of a visual variable that has not been used to
portray data values, e.g. the colour value. Table 1 presents the visual variables
that can be used to portray quality. In order to make the functionality of visual
variables understandable to non-experts, the notion of a visualisation meta-
phor was introduced by MacEachren (1992), was adopted by other research-
ers (e.g. Kardos et al., 2006) and is also integrated in Table 1. A number of
the visual variables presented in Table 1 can be used in combination with hue
(Hengl, 2003; Howard and MacEachren, 1996), resulting in combinations such
as hue, saturation and value or value and hue, in order to form colour schemes,
e.g. sequential colour schemes, diverging colour schemes, and qualitative col-
our schemes (Brewer, 1994; Harrower and Brewer, 2003). Such schemes can
be applied in bivariate representations, which depict data and quality together,
treating quality as a second variable (Kunz et al., 2011; MacEachren et al,,
2005). All intrinsic approaches have in common the fact that slight changes in
uncertainty can be difficult to identify, especially for datasets with great vari-
ability (Kunz et al., 2011). However, this can be mitigated with the help of inter-
active functionality.
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Table 2: Extrinsic visualisation methods.

Method Description Visual variable to Examples in
portray quality
Glyphs graphical objects with | size, colour value, | McKenzie et al. (2016);
2D or 3D geometry, | saturation etc. Pang (2001); Slocum et
such as circle, sphere, al. (2003)
vertical bar, pyramid,
square etc.
Contours lines that represent size (thickness), DiBiase et al.
same values (isolines) | colour value (1992); Howard and
of quality (brightness), MacEachren (1996);
connectedness, Pang (2008)
colour hue,
texture etc.
Grids / a grid or other size (grid Cedilnik and Rheingans
Tessellations | tessellation e.g. size), texture (2000); Kardos et al.
hexagons overlaid to | (grid pattern), (2008); Kinkeldey et al.
the data grid outline (2014b); Mullins (2014);
(boundaries) etc. | Pang (2008)

Extrinsic techniques (Howard and MacEachren, 1996), which introduce new
objects to depict quality, e.g. glyphs, grids, etc., that work independently of the
existing symbols for data values, are presented in Table 2. These new objects
portray quality using appropriate visual variables such as size, colour value,
texture, etc.

In terms of visual organisation, extrinsic visualisation methods (Gershon,
1998; Howard and MacEachren, 1996) can be coincident, if data and quality are
represented in one map, or adjacent, if they are represented in adjacent maps.
(Intrinsic visualisations are, by definition, coincident.)

Finally, quality visualisation methods can be static, like the ones already pre-
sented, or dynamic. Dynamic representations are presented in Table 3. Ani-
mation is related to three basic design elements, or ‘dynamic variables’: scene
duration, rate of change between scenes and scene order (DiBiase et al., 1992).
The range of possible dynamic approaches is wide because elements from
animation and interaction can be combined in numerous ways. Intrinsic and
extrinsic visualisation methods are static, but they can also be transformed into
dynamic methods through animation.

4.1 Quality Visualisation Methods and VGI Data

A number of studies that present methods for quality visualisation have also
studied their usability (Aerts et al., 2003; Cliburn et al., 2002; Fisher, 1993;
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Table 3: Dynamic visualisation methods.

Dynamic Quality is Metaphor Examples in
Variable | represented by
Sound sonic variables | a low pitch sound depicts Fisher (1994) 1994;
good quality and a high pitch | Krygier (1994);
sound, bad quality. It can be | Lodha et al. (1996)
cursor-driven.
Animation | scene duration | long duration of an object Fisher (1993);

on the screen depicts good
quality

MacEachren et al.
(1998)

rate of change

questionable quality is

Evans (1997); Fisher

between scenes | portrayed with rapid (1993); Monmonier
blinking and Gluck (1994);
Kardos et al. (2006)
spatially variable | questionable quality is Gershon (1992);
blurring portrayed with very blurred | MacEachren et al.

regions

(2005)

scene order

multiple representations:
a number of possible data
values are represented,

Bastin et al. (2002);
Ehlschlaeger et al.
(1997)

and the existence of many
different values creates
questions on quality

Gershon, 1992; Kardos et al., 2006; Kinkeldey et al., 2014a; Lodha et al., 1996;
MacEachren et al., 1998; Pang, 2001; Schweizer and Goodchild, 1992). In the
following paragraphs, a number of guidelines for VGI quality visualisation in
relation to user experience are discussed, once again taking the two main user
profiles into account: the novice user and the expert user/scientist.

Which method to use (intrinsic vs. extrinsic): Slocum et al. (2003) found that
intrinsic techniques give a better overview of uncertainty, but that in-depth
analysis is easier with extrinsic techniques. This is in agreement with Kunz et al.
(2011), who noted that none of the intrinsic approaches can successfully por-
tray the variability in quality. As a result, it is proposed to use intrinsic methods
as awareness tools for novice users and extrinsic methods as exploratory tools
for the experts.

Which visual variable to use in intrinsic visualisations: Regarding the intui-
tiveness needed for novice users (MacEachren et al., 2012), colour value, fog
(transparency) and clarity (fuzziness) visual metaphors are preferable. On the
other hand, expert users prefer transparency or saturation (Kunz, 2011). In
terms of user performance, Kinkeldey et al. (2014a) conclude that colour satu-
ration is not recommended, while colour hue and value as well as transparency
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provide better alternatives. Also, texture on colour fill and resolution lead to
good results and thus can be used with intrinsic visualisations.

Which variable to use in extrinsic methods: Studies on extrinsic displays (Kin-
keldey et al., 2014a) highlight the potential of glyph and grid-based techniques
for quality representation. According to a different usability study (Senaratne et
al., 2012), contours are considered the best method.

Which technique (coincident vs. adjacent) to use: Research suggests that
both coincident and adjacent approaches have their applications. Accord-
ing to Kinkeldey et al. (2014a), coincident maps can be seen as the preferable
option because the integration of uncertainty into the display makes it easier
to retrieve data and quality simultaneously. This is why they are advised for the
novice users in order to ensure that quality information will not escape their
attention. The problem of advanced complexity, which may be an obstacle for
the novice user, can be minimised with good cartographic design and interac-
tivity (e.g. use of on/off buttons). Expert users can work with both techniques
and should be able to decide which one to use.

Static or dynamic: There is evidence (Kinkeldey et al., 2014a) that animated
views have a potential to successfully represent quality when static solutions
are not feasible, but there is little evidence that they perform equally or bet-
ter than more traditional static depictions when these are available. Regard-
ing dynamic techniques, animations are the most promising ones as they
can be used to attract the attention of the user (Gershon, 1992; Blenkinsop
et al., 2000). Thus, dynamic visualisations can be used with novice users in
order to highlight VGI quality issues and increase awareness. Expert users
can again work with all of the methods, and they should be able to decide
which one to use.

Scale: Finally, one should consider the dynamic scale of the VGI display envi-
ronment, e.g. the OSM web page. The scale plays an important role in the selec-
tion of an appropriate visualisation method, as intrinsic methods are best for
larger scales and extrinsic methods such as grid and contours are preferable for
a global quality visualisation at smaller scales.

5 Conclusions and Future Plans

From the above analysis, it is clear that there is an emerging need for VGI data
quality visualisation. A number of measures and indicators for VGI quality
(Antoniou and Skopeliti, 2015) have been proposed, there is knowledge on
quality visualisation (MacEachren et al., 2005; Kinkeldey et al., 2014a) and the
technology is now available. Since the crowd encompasses a diverse pool of
users, VGI quality visualisation should cater for different needs and exhibit
variable functionality, operating as an awareness tool for the novice user as well
as an exploration tool for expert users / scientists. A framework for success-
ful VGI quality visualisation was presented, incorporating factors such as the
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nature of VGI data quality, user profiles, methods for quality visualisation of
spatial data, and the visualisation environment.

Effective VGI quality visualisation will have a positive impact on a VGI pro-
ject’s overall quality: quality visualisation will help users decide on fitness-for-
use, the quality of contributions will improve, the reputation of VGI will rise
as quality is better communicated through visualisation, quality awareness will
increase, sceptical users will change their opinion (since most of the time VGI
quality is better than expected) and quality metadata hidden in data will be
revealed, e.g. by utilising information from history files or elapsing tags in the
case of OSM. Thus there are only merits to VGI quality visualisation for both
VGI data and VGI projects.

VGI quality visualisation is also of interest to National Mapping and Cadas-
tral Agencies (NMCAs) that embrace VGI. Today many NMCAs encourage
and welcome VGI contributions in their geoportals (see Chapter 13 by Olte-
anu-Raimond et al., 2017a). Volunteers are playing an increasingly important
role in ensuring that authoritative sources of geographic information are accu-
rate and kept up-to-date. VGI data and authoritative data can be visualised
in the geoportal of NMCAs and one of the aforementioned methods can be
employed to portray quality. Data will be enhanced, but at the same time the
user will be informed about data quality. Whereas authoritative data can be bet-
ter in terms of quality elements such as homogeneity (Olteanu-Raimond et al.,
2017b), VGI may prove to be better in terms of completeness (Vandecasteele
and Devillers, 2015), currency (Goodchild and Glennon, 2010) and positional
accuracy (Haklay, 2010). These differences in quality may only become appar-
ent, especially to non-experts, through visualisation.

For the future development of this research topic, it is proposed to create
a prototype for VGI quality visualisation, combining existing measures and
indicators (Antoniou and Skopeliti, 2015) of VGI quality with a variety of visu-
alisation methods (MacEachren et al., 2005; Kinkeldey et al., 2014a). For the
choice of suitable visualisation methods for the crowd, it is important to con-
firm the usability and effectiveness of methods with the pool of VGI users. The
prototype can be used to conduct a user survey that records and evaluates the
crowd response on VGI quality visualisation and verifies methods in practice.
Knowledge about VGI quality visualisation as it relates specifically to the crowd
acquired through a user survey can then be implemented in the development of
an interactive visualisation environment in the framework of any VGI project.

Notes

! http://wiki.openstreetmap.org/wiki/Quality_assurance# Visualisation_tools

2 A heat map utilizes a colour scheme that is part of the colour spectrum; it is
called heat map because this colour scheme is traditionally used in cartog-
raphy for the visualisation of temperature.
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