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Abstract

Despite the considerable growth in Volunteered Geographic Information (VGI) 
activities in citizen sensing and the evident opportunities for VGI use in map 
revision and updating, few European National Mapping Agencies (NMAs) or 
other types of government bodies have engaged significantly with VGI. Moreo-
ver, the level of engagement of NMAs with the VGI community varies greatly, 
and most of them have proposed their own tools for encouraging citizens and 
public partners to collect feedback or new data. There are numerous barriers 
limiting the participation of citizens and public partners in NMA data collec-
tion, including data quality issues, the motivation of the contributors and legal 
issues. The aim of this chapter is to give an overview of the experiences of some 
European NMAs in engaging with VGI. Guidelines and recommendations 
to support wider engagement with the VGI community are also proposed to 
help NMAs and interested government bodies exploit the potential of VGI for 
authoritative mapping.
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1  Introduction

Volunteered Geographic Information (VGI) initiatives have seen considerable 
growth in citizen sensing (Goodchild, 2007). Different terms are used in the 
literature to describe this volunteered activity, such as crowdsourcing and neo-
geography (Turner, 2006) or user generated spatial content (Antoniou et al., 
2009). See et al. (2016) give a complete review on the current terminologies 
used and the distinctions between them. In this chapter, the focus is on VGI in 
the context of European National Mapping Agencies (NMAs).

With the adoption of the Open Data Policy1 which encourages to freely 
release data that can be used and republished by any user, many government 
datasets are now freely available to the public, including spatial data from 
some European NMAs (Brovelli et al., 2016). Some NMAs, such as those of 
Finland and the Netherlands, have released their datasets under open access 
licences; these authoritative data have been integrated into OpenStreetMap 
(OSM), which has improved the OSM database. More studies are necessary 
to determine if this integration may also have benefits for NMAs. The Open 
Data Policy can be an opportunity for both NMAs and geographic data end 
users. Indeed, releasing data under open access licences through a platform 
can increase the usability of authoritative data, because end users such as citi-
zens can freely download and use data for different purposes. In addition, the 
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motivation for citizens and partners to contribute by adding new information, 
giving feedback and providing alerts on errors and updates can also increase.

Although local governments had already started during the last ten years to 
use VGI as a participation platform to engage in a dialogue with citizens rather 
than as a way to simply gain or share information (Johnson and Sieber, 2013), 
there has been a noticeable change. Indeed, more recently, different initiatives 
have been proposed by local governments to collect data for different purposes 
(such as in urban planning, in order to advertise new regulations) where citi-
zens have been considered both as sensors and as potential partners (Karimi-
pour and Azari, 2015; Sedano, 2016).

Traditionally, almost all mapping agencies have some experience in collect-
ing information from their data users by receiving alerts regarding mapping 
errors or updates. However, it is important to differentiate between passive 
processes and more active processes in which the mapping agencies actively 
engage with the VGI community by proposing platforms to collect and dis-
seminate data (See et al., 2016).

Olteanu-Raimond et al. (2017) have recently undertaken a detailed review 
of the engagement of European NMAs with VGI. A survey was undertaken to 
elicit experiences with VGI, which revealed that few European NMAs are cur-
rently engaged with VGI and that those have developed their own VGI collec-
tion processes, mostly for change detection and the reporting of alerts, with less 
frequent examples of the reporting of new content, vernacular place names and 
photo interpretation (see Figure 1). In most cases the information gathered was 

Fig. 1: Use of VGI by European NMAs. Source: Olteanu-Raimond et al. (2017). 
All rights reserved ©John Wiley & Sons Ltd.
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on traditional features included in standard topographic maps, such as roads, 
buildings and names. Very few mapping agencies have harvested and used the 
data collected by OSM or GeoNames.

The low involvement of European NMAs with VGI is related to five major 
barriers, which have been discussed in detail in Olteanu-Raimond et al. (2017); 
these are issues of data quality and validation; legal issues; issues related to the 
nature and motivation of the crowd; sustainability issues; and employment fears.

This chapter further develops the work of Olteanu-Raimond et al. (2017) by 
proposing a typical VGI collection workflow, which was considered by many 
NMAs such a good practice. This type of VGI platform is based on the main 
idea of a volunteered activity where contributors contribute directly to the plat-
form by adding new features or attributes, correcting existing features, etc. It is 
important to mention that the integration of data coming from other crowd-
sourced activities, such as GPS traces from sports activities, are out of the scope 
of this chapter. The chapter is organised as follows: Section 2 focuses on the 
experiences of European NMAs with VGI by presenting some specific exam-
ples. Section 3 presents some recommendations for NMAs as a response to 
some of the five major barriers identified in the use of VGI. Finally, conclusions 
and future research directions are outlined in Section 4.

2  Experiences with VGI

As mentioned previously, most of the NMAs that engage with VGI have devel-
oped their own tools to collect data from citizens or from public partners. The 
aim of this section is to present an overview of some of these tools that com-
pletes and provides an update to the review reported in Olteanu-Raimond et al. 
(2017), which describes the experiences of NMAs in Finland, France, Greece, 
the UK, the Netherlands, Portugal and Switzerland, all of which responded 
positively to our call to contribute.

2.1  Change Detection and Error Alerts

Change detection and error alerts are among the most well developed VGI 
activities proposed by NMAs. Generally, alerts (e.g. to a new building or a new 
road name) are used as triggers to improve the quality of authoritative data-
bases. The following outlines the experience of a series of NMAs in using VGI 
for change detection and error alerting.

At IGN France, change detection is generally undertaken by land surveyors 
who analyse a range of alert types and then contact local governments. Since 
2008, IGN France has developed various applications that aim to report alerts 
concerning errors, change detection or vernacular toponyms (Viglino, 2009). 
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These applications, deployed on different platforms and via different technolo-
gies (e.g. the Web, Android mobile phones and GIS) are mostly community-
sourcing systems where professional partners, such as fire services and post 
offices, make reports on IGN data. A web application, accessible through the 
French Geoportal, was also developed for citizens, allowing them to make 
reports. These pioneering applications and their encouraging results have led 
the IGN to propose a unique community and citizen sourcing portal2 , on 
which citizens can complete a form and provide location information, using 
GPS tracks, photographs or drawings, on an IGN basemap. A new version of 
the application is being tested that allows partners to access, add and modify 
features in an up-to-date copy of the topographic database. Contributions are 
first checked and validated by the surveyors with respect to data specifications, 
and quality expectations are checked by using quality indicators, visual check-
ing and comparison with different data sources (e.g. construction permits 
issued by municipalities). Depending on the types of contributions, the VGI 
can be directly integrated into authoritative databases or used as a trigger for 
field work to improve the geometric precision of features.

With regard to future engagement with VGI, some research projects are cur-
rently under consideration. For example, Ivanovic et al. (2016) are studying the 
possibility of automatically inferring changes from additional sources found on 
the Web, including GPS tracks from hiking websites. The EU-funded Horizon 
2020 LandSense project (2016–2020) will study the feasibility of updating Land 
Use/Land Cover (LULC) maps using Sentinel and in-situ citizen-derived data. 
Methods to aid quality assessment and conflict management in order to vali-
date and integrate citizen-derived data into the authoritative database will also 
be explored (Leibovici et al., 2015).

In the Netherlands, Kadaster is running successful VGI activities, includ-
ing ‘terugmelding BRT’ (alert on the Dutch Topographic Registry) and ‘terug-
melding BGT’ (alert on the ‘large scale’ Topographic Registry), to report new 
changes and errors. Kadaster works as an open and transparent organisation, 
and contributors can easily see what has been done with their alerts. To stimu-
late and effectively motivate contributors, the staff working in the topographic 
department promptly validates all reported alerts. By directly updating the 
topographic maps when an error report is accepted, Kadaster shows its appre-
ciation to the contributors and stimulates the further participation of citizens. 
In addition to the traditional data-updating by means of aerial and panoramic 
photographs, there is a growing tendency to use thematic data from external 
sources. The latter sources include governmental organisations, companies and 
also citizen contributors. In this context, Kadaster has proposed a second pilot 
(also known as the Sonneveld index) to collect data on religious buildings such 
as churches, mosques, synagogues, temples, monasteries and chapels; more 
than 1,000 addresses were collected by a group of enthusiastic contributors. As 
a result, Kadaster was able to enrich its topographic maps.
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Another VGI project was run to collect information on national border 
markers. On 30 October 1980, the Netherlands and Germany signed an agree-
ment about the maintenance of the markers that define the borders between 
them; every three years, the national border markers must be inspected and, 
where necessary, maintained. In 2012, hikers were deployed to gather informa-
tion about the situation of national border markers by using an ad hoc mobile 
application that also allows sending a picture. As a result, the Kadaster was able 
to make a decision as to whether it had to maintain a particular marker or not. 
The border markers application has recently completed its pilot phase, and a 
continuation of the project is being developed.

Finally, the forest paths project was a recent pilot based on VGI activities. In 
the Netherlands, the National Dutch Forest Organization (Staatsbosbeheer) is 
responsible for data on forests. The aim of the forest paths project was to use 
VGI to update the organisation’s datasets. Kadaster provided raw material to 
forest rangers and asked them to verify and complete the map based on their 
field work. Kadaster has successfully completed pilot projects in Horsterwold 
and Flevopolder. The local forest rangers have updated their digital files on for-
est paths in their region. Kadaster is researching how to implement this method 
in the rest of the forested area in the Netherlands.

Ordnance Survey (OS), the NMA for Great Britain, has long engaged with 
customers and the general public for alerts about real-world change or errors 
reported in its paper or digital map products. While much contact is directly 
via telephone or written correspondence, a web map-based tool has been suc-
cessfully trialled with public sector customers for reporting errors or omissions 
in a range of OS products. Using the ‘Tell OS’ interface, customers can locate, 
describe and submit their feedback for the product concerned. Their alerts are 
acknowledged and the information is fed into product management processes.

Sharing of volunteered information is also enabled for route-based informa-
tion through the OS Maps application. Aimed at outdoor activities, the applica-
tion enables the recording and sharing with other users of route information as 
part of its map display, search and navigation functionality.

2.2  New-Feature Collection

VGI provides the potential to capture new features or new information regard-
ing existing features not previously collected by NMAs as it might not be within 
their mission priorities or it may be excluded for political or economic reasons.

In the Netherlands, Kadaster is running pilot projects to collect new fea-
tures. One of these is the ‘Crowdsourcing at school!’ project, which is part of 
Kadaster’s education programme. The aim of this initiative is to allow children 
to become familiar with VGI and with advancing society, but also to introduce 
them to the Kadaster organisation and its products and services. Children get a 
geographic orientation of the world in a playful way, and they also learn about 
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their position within society. In this pilot, children collect data on emergency 
services such as police, ambulance and fire services. This project can also be 
used for data collection for other organisations or public services. The curricu-
lum for this project is in a pilot phase and the first results have highlighted that 
VGI activities are not only for adults.

Linked to the large-scale renewal of Finland’s National Topographic Data-
base, a research project was launched by National Land Survey of Finland 
(NLS) at the beginning of 2016 to investigate the possibilities that VGI can offer 
in authoritative data collection. The project will build a concept to define the 
so-called ‘Citizen’s layer’ to the authoritative topographic data, that is, a plat-
form for data collection where they will be able to import or draw points, lines 
and polygons representing topographic objects in the real world. The concept 
will cover principles and tools for VGI data collection, e.g. for building up the 
service and the user interface as well as developing protocols and methods for 
engaging with citizens (Mooney et al., 2016). The quality and the best practices 
for using VGI will be identified in a pilot phase. The project seeks to validate 
data quality and usability and to investigate the possibilities of integrating VGI 
collected in the pilot to the authoritative database. As part of another research 
project, a hyper-local geosocial networking application (hylo.mygeotrust.org) 
was introduced for school children aged 14- to 15-years-old. With the mobile 
application, pupils were asked to map different kinds of objects in their neigh-
bourhood to share their knowledge and observations. The initial results are 
encouraging. Children are interested in their local environments and have vol-
unteered to map and share their knowledge on a map service. Based on these 
experiences, it seems beneficial to introduce the concept of a ‘Citizen’s layer’ in 
schools as well.

Greek mapping authorities have been using VGI as a starting point to update 
or create new mapping outputs. The crowdsourced data are treated as an initial 
input layer that is compared against imagery backdrops (satellite or aerial). The 
VGI datasets are corrected, completed and re-assigned to the local nomencla-
ture and then follow the normal processes for internally collected data.

Direção Geral do Território (DGT) is the NMA in Portugal; it coordinates 
Portugal’s National Spatial Data Infrastructure (NSDI), SNIG, and develops 
research on geographic information. Presently, research on VGI at the DGT 
is focused on investigating how to use VGI in the production of official topo-
graphic data3. The general idea is to use case studies to demonstrate the poten-
tial benefits of including VGI as part of the authoritative database implementa-
tion strategy, benefits which include filling gaps in official data, enlarging the 
spatio-temporal coverage or addressing the aims of specific communities of 
interest. These benefits are in line with the more collaborative and participative 
approach presently adopted for SNIG development.. To identify and analyse 
the integration of VGI to NSDI, the environment and planning domain will be 
used as a target. Case studies will be designed to identify required modifica-
tions to the NSDI, such as changes to the metadata catalogue to accommodate 
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VGI types or the interoperability and validation requirements for incorporat-
ing VGI within the NSDI. Moreover, a prototype based on a web service may 
become available through the NSDI geoportal, allowing any registered citizen 
to edit LULC polygons through the identification of geometry and/or classifi-
cation changes. This will enable the analysis of thematic and positional incon-
sistencies reported by the users and define a strategy for including VGI in the 
production of official mapping.

Looking to future uses of VGI, the research interests of most of European 
NMAs range from motivational factors of volunteer engagement in VGI to 
change detection, data capture, and validation and management, all the way 
through to data or service delivery and associated quality and trust. In addi-
tion to VGI involving citizens, community groups and expert groups, explor-
ing how VGI approaches might draw on the local knowledge of internal NMA 
employees is also of interest.

2.3  Promoting the Usability of Authoritative Data

In the past, within a research context, the Centro Nacional de Informação 
Geográfica (CNIG), which was then integrated in the Portuguese NMA (Insti-
tuto Geográfico Português (IGP), presently named Direção-Geral do Território 
(DGT) has been involved in the GEOCID (Hipólito et al., 2000) and Senses@
watch (Gouveia et al., 2004; Gouveia and Fonseca, 2008) projects, which rep-
resented early attempts to promote the involvement of citizens in the use or 
production of geographic information, and which shared some of the issues 
associated with the topic of VGI and its integration in an NSDI. The GEOCID 
project aimed to promote the use of SDI by citizens and represented a first 
effort to target citizens as users of these infrastructures, although it used a top-
down approach (Fonseca and Gouveia, 2005). Senses@watch was a research 
project centred on the definition and evaluation of strategies to promote the 
use of environmental spatial information, such as water quality and noise, col-
lected through citizens’ senses (e.g. vision, hearing, taste and smell). A proto-
type of a Web-based collaborative site was developed, including an interface for 
mobile phones.

The results of these initial projects were successful, with a considerable level 
of citizen participation, but did not have the intended follow-up in the NMA 
services and workflows. Nevertheless, lessons could be learned from these 
experiences that can enrich present approaches to VGI. These projects enabled 
the confirmation of the SDI data user’s increasing role and of the importance of 
providing participation at multiple levels where VGI can be seen as a resource 
for SDI. The assessment of the pragmatic implications of using ICT to support 
citizen participation in environmental monitoring or the identification of the 
major benefits of involving volunteer contributors (e.g. the promotion of pub-
lic awareness on environmental issues; the cost-effectiveness of the method to 
maintain data collection activities; or the facilitation of the creation of early 
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warning systems), as well as the corresponding drawbacks (e.g. the lack of data 
credibility), are just some of the insights about VGI provided by these activities.

3  Recommendations for NMAs regarding VGI Use

Starting with good/best practices identified in NMA experiences and research 
work, the goal of this section is to define recommendations for NMAs in organ-
ising a platform to collect and manage VGI. Compiling a list of expectations 
from both crowd or community sourcing and NMAs will ensure a fruitful rela-
tionship between both parties, as discussed by Olteanu-Raimond et al. (2017). 
From the NMA point of view, issues such as motivation, stability, consistency 
and minimisation of false entries are of concern, while feedback, the citizen 
layer and transparency for the crowd and community sourcing, among others, 
are some of the crowd’s concerns. Here, we focus on six elements that are either 
barriers to the use of VGI or key elements that allow for the construction of a 
successful VGI platform for citizens, public and private partners and govern-
ments. The six elements are as follows: the data model and objects; the inter-
face; motivation; identification; licensing; and quality control.

Fig. 2: A typical VGI collection workflow.
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A general workflow for VGI data collection is illustrated in Figure 2, where 
these six elements are marked with an asterisk (*). In Figure 2, green and pink 
arrows represent NMA and contributor tasks, respectively.

A successful platform should be dedicated to both contributors and users, 
and should engage with citizens, specific groups of citizens sharing the same 
interest (e.g. hiking), partners (e.g. governments, emergency services) and 
the education community. Contributions should be made via user-friendly 
interfaces that implement an adaptive data model as proposed by NMAs, via 
secured identification, and via easy-to-use tools to contribute, manage, visu-
alise and download VGI and/or authoritative data, depending on each NMA’s 
data licence. A real added value from NMAs is the quality control of volun-
teered data, which can be corrected, validated and integrated into the VGI plat-
form (Q-VGI to VGI). Depending on the data specification, some validated 
VGI can be integrated into the authoritative data (Q-VGI to NMA), in this 
way improving the accuracy and quality of the NMA’s data. The quality control 
could be performed by contributors in a continuous way through the sharing 
of opinions on contributions, and step-by-step by the NMAs.

Table 1 summarises the recommendations described in the sections that fol-
low and provides a list of opportunities and threats that can arise from such 
an NMA-VGI collection system. Opportunities and threats are described with 
respect to different elements identified in NMA data collection systems.

3.1  Data Model and Objects

Generally, NMAs are in charge of producing topographic databases by map-
ping the topography of the real world by focusing on specific types of objects 
described by few thematic features (e.g. number of lanes of a road, building type; 
Olteanu-Raimond et al., 2017). This implies that the existing features can be 
enriched by adding thematic information (e.g. number of floors in a building), 
but also that some new objects can be added. These new objects may be feature 
classes that are currently lacking in quality in official databases due to frequent 
real-world change (e.g. POIs, shops etc.), or data that can be most efficiently 
collected by contributors because collection is not feasible with remote mapping 
(e.g. hiking trails obscured by trees). Data that are of special interest to citizens 
or public services such as emergency services and municipalities, e.g. vernacular 
place names and traditional names of neighbourhoods (Castellote et al., 2013); 
obstacles, to help the navigation of people with disabilities (Rice et al., 2013); 
or paths, to improve pedestrian maps (Laakso et al., 2011) could be mapped 
by citizens having local knowledge, as suggested by Johnson and Sieber (2013).

3.1.1  Citizen and Partner Layer

Two of the identified barriers in using VGI are data quality and legal aspects 
(Olteanu-Raimond et al., 2017); Johnson and Sieber (2013) have reported the 
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same finding regarding the use of VGI by governments and argued that a more 
formalised VGI collection process may prove beneficial. A solution to break 
down these barriers can be a participatory citizen and partner layer proposed 
by NMAs. In this way, the NMAs will first have the opportunity to add new 
content, but also to increase the usability of traditional topographic data, and, 
as a direct consequence, to improve the accuracy of the data and enrich the the-
matic information (e.g. ‘the building is a private school with three entrances’). 
Then, NMAs can propose a formalised framework and standards, which would 
be expected by governments, to collect VGI with a focus on data validation, 
data quality assessment and integration methods, allowing the topographic 
data to be used to support other types of specific data (e.g. water pump loca-
tions for firefighters, billboard locations for local municipalities). We would 
make the following recommendations:

•	Authoritative basemaps should be used to make contributions (e.g. topo-
graphic data, orthophotographs, satellite images, DEMs);

•	NMAs should assess both the internal quality and the fitness-for-use of the 
volunteered data and should correct errors by using authoritative data as a 
topographic support; this could be a big added-value that would encourage 
different users, such as public authorities, security and emergency services, 
NGOs and citizens, to both contribute and use VGI;

•	Volunteered data should be clearly stamped with quality-control stamps to 
easily distinguish between quality-controlled contributions and those not 
yet quality-controlled;

•	Campaigns for specific data collection purposes should be organised;
•	User-friendly tools to import and download data should be proposed to 

allow for a detailed selection of suitable data regarding spatiotemporal and 
social criteria and should be served to end users in different formats.

As mentioned in Section 2, the NLS of Finland has already decided to experi-
ment with this new citizen layer concept through a research project.

3.1.2  Adaptive Data Models for Object Collection

NMAs should propose an adaptive data model to collect and monitor geo-
graphic objects. This data model should allow contributors to:

•	report updates or errors;
•	add new attributes and objects to existing class objects;
•	add new class objects identified by NMAs as out of the specifications of the 

authoritative topographic databases at present, but important for different 
applications;

•	add new class objects if it fits end user needs;
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•	assess, as a mandatory requirement, the membership of an object to a class 
object type;

•	import data collected in-situ; and
•	ensure interoperability with the existing topographic data model in order to 

integrate significant and validated contributions directly into authoritative 
databases or to generate updates.

Nevertheless, proposing a quite open citizen and partner layer may introduce 
some threats, such as the possibility of obtaining large volumes of themati-
cally heterogeneous data or data that are characterised by spatial and thematic 
incompleteness.

3.1.3  Protocols for Object Collection

The lack of protocols and the potential problems that this may entail, as well as 
recommendations for data collection, are discussed in more detail in Chapter 
10 (Minghini et al., 2017). However, our additional recommendations regard-
ing protocols are as follows:

•	define a protocol for mapping different types of data for existing or new 
objects that balances the need to collect a minimum set of attributes and 
metadata with the desire for completeness in the data collection process;

•	update and enrich the protocol regularly by taking into account end user 
experiences;

•	propose a forum and online help facility to share experiences with and 
between contributors and assist contributors when needed; discussion 
forums have been proven to contribute, in some cases, to the creation of 
more reliable data (Haklay, 2010; Perger et al., 2012), and they are also a 
valuable tool for community building.

3.1.4  Instant Feedback to Contributors

From the different NMA experiences outlined above, it has been shown that 
engaging with contributors using transparent communication is crucial for a 
successful and sustainable platform. Good communication can be ensured by:

•	one uniform feedback platform for the different products offered by the 
mapping agency: topographic data, citizen and partner layer, updates and 
error updates, etc.;

•	contributor involvement in the feedback system building process;
•	e-mails with updates concerning the status of contributions; and
•	the display of contributor data immediately or in near real-time.
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3.2  Interface

Two kinds of user interface tools can be distinguished (Sabou et al., 2014): 
acquisition interfaces designed for and used by contributors to carry out 
crowdsourcing tasks, and management interfaces, which are required by the 
managers of the VGI project to monitor progress, assess quality and manage 
contributors. In this section we focus on the acquisition interface used by con-
tributors for data collection, designated here as the contributor interface.

Switzerland’s geoportal4 was recently awarded the ‘2015 eGovernment spe-
cial prize’5 at the ninth national eGovernment Symposium, which was held 
on 24 November 2015 in Bern involving representatives from the worlds of 
business, administration, politics and academia. Consistent use of open source 
software, open standards and cloud computing were the reasons for winning 
the prize. This geoportal features many properties that an NMA contributor 
interface should provide (e.g. an intuitive and contributor-friendly interface, 
a VGI component with the recently renewed revision service with immediate 
customer feedback, and a smooth, dynamic and interactive map navigation) a 
report option for customer alerts and the use of open standards. Our recom-
mendations for the contributor-interface are as follows:

•	offer a contributor-friendly interface that guides the contributor to supply 
all the information required by the protocols (e.g. metadata, attributes);

•	define contributor-friendly interfaces that incorporate the NMA protocols 
and best practices without negatively impacting upon contributor enthusi-
asm or hampering the flow of data;

•	provide tools to support the training of contributors and/or groups of con-
tributors according to the goal;

•	through the interfaces for collaboration, address the need to educate con-
tributors and easily integrate the non-traditional types of data that they 
might collect;

•	whenever possible, make use of standard, interoperable data formats and 
services in order to further extend the interface and/or integrate new ser-
vices and applications;

•	use up-to-date basemaps and do not overload the platform with multiple 
themes;

•	adequately accommodate all the VGI types, which are of a diverse nature, 
dynamic, and sometimes produced in real-time;

•	implement the full editing of objects rather than just hints attached loosely 
to existing data objects.

Additionally to what has been mentioned above, an intuitive contributor-inter-
face can also play another very important role in the field of input data quality. 
While the basic principles of human-computer interaction (HCI) should be 
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intact and meticulously followed, the contributor-interface could be the vehicle 
for implementing a number of elements in the protocol regarding the input of 
high-quality data (more information protocols for data capture can be found in 
Chapter 10 by Minghini et al., 2017). It is common for NMAs to have protocols 
in place that must be followed in order to achieve maximum homogeneity in 
the datasets produced. Volunteered content should also follow similar rules. 
Thus, the contributor-interface, which in this case serves as the data capturing 
layer, should be equipped with as many protocol elements as possible, balanc-
ing between high data integrity (and thus quality) and adequate freedom for 
the contributor.

3.3  Motivation

An important part in the success of using VGI is engaging people. Interested 
readers will find a detailed discussion on user motivation and engagement in 
Chapter 5 (Fritz et al., 2017). NMA experiences have shown that citizens are 
often not really interested in getting paid or in being presented with awards or 
prizes: having the possibility to contribute geographic information from their 
personal surroundings with a direct impact on publicly visible maps and get-
ting feedback from NMAs are the main positive reasons to contribute. Nev-
ertheless, in order to increase the number of contributors and ensure sustain-
ability, NMAs should first promote, advertise and permeate the crowds, and 
secondly motivate, activate and reward contributions. However, when imple-
menting reward systems, these rewards should not encourage contributors to 
favour quantity over quality in their contributions.

3.3.1  Gamification Techniques

Undoubtedly, a contributor-interface that enhances contributor experience 
can help to engage contributors; however, this factor alone is not enough to 
create the drivers and support the motivation that need to be achieved to 
attract a large pool of contributors to an initiative. There are a number of 
research efforts around the use of gamification techniques (Antoniou and 
Schlieder, 2014; Yanenko and Schlieder, 2014) to achieve these levels of 
motivation. Gamification, loosely defined, is the implementation of gam-
ing practices in a non-game context. In essence, gamification, through game 
mechanics and game design, can have an impact and influence on participant 
behaviour. The aim of gamification is to make the participant achieve certain 
goals by enhancing engagement, improving performance and multiplying 
participation efforts towards a goal. Thus, NMAs can considerably enhance 
citizen motivation by implementing gamification processes for data captur-
ing or change detection.
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3.3.2  Giving Feedback

Feedback to contributors, given by sending updates concerning the status of 
their individual or group contributions, is an important motivation for con-
tributors. Organisations need to assess the likelihood of such motivations being 
strong enough in a prospective contributor community to ensure the sustain-
ability of their proposed VGI initiative (Hickling Arthurs Low Corporation, 
2012). To help sustain contributions over time, some recommendations are 
listed here:

•	all contributions should be welcome (e.g. attributes such as ‘gravel road now 
paved’ can be as valuable as topographic data);

•	contributors want to receive acknowledgement for their contributions and 
to get rapid evidence that these contributions have been used;

•	the process of making contributions should be as easy and streamlined as 
possible, as contributors may not be strongly motivated to contribute to 
extensive feature classification and the metadata requirements of public 
mapping programs; and

•	different contributor-interfaces may be required for first-time or occasional 
contributors than for internal production staff or external power contrib-
utors; for example, tools that allow inappropriate content to be reported 
through a link allow contributors some control over data quality

•	(Coleman, 2010; Esri, 2010; Hickling Arthurs Low Corporation, 2012).

3.3.3  Engage with Groups of Users

A number of advertising activities can be used to attract contributors to a VGI 
project. In a study on the impact of contributors to VGI projects (Schmidt et 
al., 2012), it is proposed to attract diverse groups of contributors with project-
related mapping, to make mapping easy for beginners and to keep contributors 
mapping with social mapping events, as typically happens with OSM (Mooney 
et al., 2015). Launching campaigns will attract a number of users for a time 
period, whereas connecting relevant user groups (e.g. land owners having an 
interest in maintaining boundaries) will create more devoted contributors. In 
general, people who use the data will feel more attached to the project and will 
be more willing to contribute. In addition, it will be easier for them to find pos-
sible errors and report/make corrections if the procedures are made as easy as 
possible. Campaigns should target groups such as landowners, school children, 
cyclists, joggers, scouts, orienteering enthusiasts, hunters, hikers and geocach-
ers, among others, who may be more willing to contribute due to their special 
interests and because they will take personal advantage of the addition of the 
VGI to the NMA database.
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3.3.4 Engage with Public Partners

Some strategic public partners may be very important for the collection of cer-
tain types of data. For example, municipalities can easily engage with citizens 
for urban planning purposes and security-related partners that manage emer-
gencies, such as civil protection authorities or firefighters, who are very often 
in the field and have specific needs such as fire hydrants, obstacles, building 
entrances, etc.

3.3.5 Engage with Schools

Introducing the work of the NMA and the idea and principles of topographic 
data collection to school pupils may be a good way to disseminate knowledge 
and could shape a large number of future contributors. To put this idea into 
practice, the following recommendations can be given:

•	the collection of data must be integrated within an education programme 
(i.e. teaching by collecting data);

•	close cooperation with teachers is crucial: teachers are busy with their 
everyday work, so they need to have some ready, easy-to-adapt teaching 
materials;

•	school pupils are a very motivated group, but an application for data collec-
tion by pupils must work perfectly and rapidly;

•	before data collection starts, it is important to explain to the pupils what 
crowdsourcing is and how it works; pupils need to understand that they 
are an important part of society and that they can deliver valuable data for 
others;

•	data collection projects for pupils need to have some fun aspects that reward 
pupils who deliver good-quality data, which can even further support their 
motivation – gamification is one possible approach that may fit well with 
the needs of this particular group; and

•	different stakeholder groups (pupils, parents, teachers, etc.) should be 
invited to refine/improve the curriculum.

Although unrelated to VGI data collection for NMAs, two successful examples 
of the engagement of pupils that have taken the above recommendations into 
account are described in Brovelli et al. (2016) and Ebrahim et al. (2016).

3.4  Registration

Data contributors may be anonymous, but this may permit vandalism (e.g. 
mapping fake features or deleting features that exist) and the contribution of 
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fraudulent data or spam. It is still not entirely possible to distinguish between a 
credible VGI contributor on the one hand and an incompetent one, a mischief-
maker or an outright vandal on the other hand (Coleman, 2010), although 
research is ongoing in this area: for example, Ciepłuch et al. (2010) have stud-
ied the history and the profiling of contributors; Van Exel et al. (2010) have 
proposed the experience, recognition and local knowledge of the individual 
as an indicator of quality input; and D’Antonio et al. (2014) have proposed an 
evaluation model for the contributor’s reputation and data trustworthiness. 
However, based on the NMAs’ experiences, very few bad contributions have 
been spotted, and in general more than 80–90% of the citizen contributions are 
useful (Olteanu-Raimond et al., 2017). Registered contributors are expected 
to have a more consistent contribution, since participating in the registration 
process proves their motivation and their intention to be identified. Apart from 
the contributor identification, registration has additional advantages (e.g. the 
contribution can be saved and finalised later by, for instance, tagging the posi-
tion in the field and submitting the contribution later by using a computer at 
home). Three different types of profiles (see Table 2) could be made available 
when contributors register depending on the type of organisational model for 
data collection used and the validation process applied by the NMA afterwards; 
these include:

•	Strong registration: this may create more powerful contributors in terms of 
permitted activities with the data. Full identity should be required in sensi-
tive cases such as cadastral information for property owners. Another cat-
egory may be a contract contributor (other authorities, for example) with 
specific permissions but also contribution obligations.

•	Light registration: this type of identification allows the organisation collect-
ing the data to contact the contributor if needed and to learn more about 
contributors, e.g. to determine potentially useful information such as their 
field of expertise.

•	Weak registration: this only requires a valid email and password for regis-
tration to create a user account.

Table 2: Types of contributor registration profiles.

Strong registration Light registration Weak registration
Full identity, e.g. from e-government 
authentication systems, such as: 
full name, full address or postcode, 
profession and institution, phone 
number, passport/ID number

Valid email
Profession
Age / age group
Gender

Valid email
Password
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3.5  Quality Control

In Chapter 7 (Fonte et al., 2017), an overview of the quality indicators that can 
be used to assess VGI is presented. Traditional spatial data quality assessment 
measures can be used. These can be applied using reference data, such as con-
trol data provided by experts, or through the comparison of data coming from 
several sources, which may even be VGI, enabling the assessment of logical 
consistency. Additionally, other indicators can be used to assess the reliabil-
ity of the data, such as metadata on the data acquisition procedure, indicators 
about the contributor, socio-economic indicators or the consistency of corre-
sponding data with different origins.

The quality control could be carried out at different levels that aim to facili-
tate the final validation by the NMA (which is mandatory), as outlined in the 
following subsections.

3.5.1  Level 0: Real-time Control Procedures

This initial level of quality control ensures that the minimum required infor-
mation specified in the data collection protocol is provided and that no incon-
sistencies are introduced. It aims to assist the contributor in mapping valid 
information and is performed during the collection phase. Note that the 
absence of inconsistencies does not imply that the data are accurate and reli-
able. It controls:

•	Required metadata and attributes. If the minimum information required 
by the protocols is not provided, alerts to the contributors asking for 
additional information should be sent. The submission of a new contri-
bution can be approved once this control check is successful, i.e. the con-
tributor can then submit the data. Care should be taken to minimise the 
mandatory information needed to avoid negatively impacting contribu-
tor motivation.

•	Logical consistency. Automatic rules implementing some basic topological 
consistency checks (e.g. a polygon must be closed, roads should be topo-
logically related, etc.) should be applied in real-time when a contribution 
is submitted. The system should recognise the presence of some types of 
inconsistencies in contributions and then not allow the submission of these 
contributions, such as in the case of clear topological mistakes; in other 
cases, the system should not prohibit submission but generate warning 
messages to the contributors suggesting corrections or additional checks, as 
contributors may in fact be providing important information about signifi-
cant changes in the terrain.
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3.5.2  Level 1: Applying Automatic Quality Control Methods to the 
Volunteered Data

The goal of Level 1 checks concerns data quality assessment through applying 
automatic methods. Three approaches are recommended:

•	Data reliability. Automatic procedures can be used to perform an ini-
tial check of data reliability. Several sources of VGI can be used to assess 
data agreement: this refers to comparison of corresponding positional and 
attribute information, such as the position of roads in different data sources. 
The logical consistency of contributions can also be used to assess their reli-
ability; for example, if a building is positioned inside a lake, the information 
may be considered to have low reliability.

•	Contributor-based data reliability. If a prior assessment of contributor reli-
ability is performed, for example by maintaining historical data on the con-
tributors, it is possible to associate a degree of reliability to the data that is 
related to the reliability of the contributor.

•	Specification-based reliability. Reliability of contributions can also be 
assessed by considering NMA specifications associated with the object 
being contributed. For example, if a building with an area lower than the 
NMA specification for the minimum size of buildings is mapped, this con-
tribution can be automatically tagged as not fit-for-purpose.

3.5.3  Level 2: Crowdsourcing Revision

Crowdsourcing revision consists of:

•	In-situ campaigns. Mapping agencies can organise in-situ campaigns asking 
contributors to assist in the validation of some highlighted complex cases 
where the NMA has insufficient information to perform a final validation. 
An example of this can be the assignment of a land cover class to particular 
locations when no field visits have been made.

•	Peer validation between contributors. The VGI platform should provide 
additional capabilities to enable contributors to vote on (‘thumbs up’ or 
‘down’) or to comment and discuss contributions. Discussions and/or com-
ments can generate new insights into the main difficulties, and eventually 
some reliability indicators can be associated with specific types of contribu-
tions or to some areas, e.g. the classification of certain land cover types may 
be difficult for contributors, or contributions from a particular area can be 
found to have different interpretations. These indicators can be useful for 
assessing data reliability.
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3.5.4  Level 3: Final Validation with Respect to a Typology of Quality Assurance

Methods to visualise quality, discussed in Chapter 9 (Skopeliti et al., 2017), can 
considerably enhance this step in the process. Some recommendations include:

•	Define a typology of quality and associate the indicators previously assessed 
to either qualitative or quantitative rankings; these rankings can be based 
on probabilistic, fuzzy or possibilistic approaches.

•	To optimise the use of resources and procedures, NMAs may perform vali-
dation only on volunteered data that are considered to be worth validating 
depending on the indicators obtained in the previous step that are consid-
ered relevant for each dataset.

•	Final decisions are taken on the quality of the contributions and their use-
fulness, depending on the quality values obtained with the adopted quality 
typology.

•	As the final validation assesses how good the contributor input was, this 
information may be used to rank contributor performance.

3.6  Licensing

With VGI, an important issue arises regarding the intellectual property of the 
data, which should be handled through licensing and consent. Contributors 
should give the NMA full rights to the data so that the NMA can take full advan-
tage of the contributed data; this consent can be obtained either during the reg-
istration phase or after the first contribution is made. The contributors should 
be informed that by contributing, they are providing geographic data to the offi-
cial national basemap. Α well defined licence for the NMA’s sharing and use of 
geographic data should be provided to and agreed upon by the contributors.

Some other legal aspects, such as liability and privacy, can differ from coun-
try to country or from product to product. These aspects are discussed in more 
detail in Chapter 6 (Mooney et al., 2017).

4  Conclusion

In this chapter, a review of the different VGI experiences of a few European 
NMAs was presented, and guidelines and recommendations were presented to 
help mapping agencies better exploit the opportunities offered by VGI through 
volunteered activities made by contributors.

Due to its nature and characteristics, VGI is still seen by NMAs, and more 
generally by government bodies, as having low quality and as a source of unreli-
able data. Therefore, few NMAs are engaged with VGI. When they are engaged, 
they have generally proposed their own tools to collect reports, and only rarely 
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has VGI been used to collect data on features beyond the standard set mapped 
by NMAs.

Even though this type of data needs the development of new and different pro-
cedures for collection (see Chapter 10 by Minghini et al., 2017) or quality assess-
ment (see Chapter 7 by Fonte et al., 2017) to become of major interest, VGI is 
nevertheless a valuable source of data, as it may help NMAs to provide data that 
are more up-to-date as well as to collect new, additional data that better address 
user needs. New features usually not collected by NMAs, either due to cost 
restrictions or because they represent non-traditional topographic data, could 
be of value to citizens and to various public services and government agencies.

To engage with the VGI community, the main recommendation for an NMA 
is to build a VGI platform that allows users to make reports but also to collect 
new, additional features that are not traditionally collected, to create a citizen 
and partner layer. An increasing number of VGI projects to collect data have 
been proposed during the last decade. As noted in the review by See et al. 
(2016), there is considerable variability in both the sustainability and the goal 
of the VGI projects. Some of them have been successfully operating for a long 
time while others have a finite life, being linked to some specific events, or are 
no longer active or available online. Moreover, few governments and munici-
palities have proposed platforms to collect data from citizens for purposes such 
as urban planning. Other public services, such as medical emergency depart-
ments or fire services, use their own resources to collect specific spatial data 
(e.g. water pumps, obstacles, building entrances), which need to be matched to 
spatial reference data.

Being aware of these current practices and initiatives, the question of why 
an NMA should also propose a VGI platform is a relevant one. We believe that 
NMAs, as public bodies, on the one hand are officially responsible for provid-
ing accurate and reliable information through SDIs to all potential users and, 
on the other hand, have the necessary expertise to manage and integrate spa-
tial data. Moreover, all of the public initiatives mentioned earlier could not be 
implemented without important financial and human resources for deploying 
the GIS systems to collect, manage and maintain data and to train agents to 
deal with spatial information. We believe that a stronger collaboration between 
NMAs and governments through a VGI platform could result in a public-cost 
reduction and a better service to citizens, where these could be more involved 
in decision-making or in supporting security issues that affect their lives in a 
positive or negative way. Thus, for a successful VGI platform, one of the most 
important recommendations is to engage with citizens in general, specific 
groups of citizens having the same interests, and groups of public and gov-
ernmental bodies, including the educational system. Engaging with different 
public bodies and with the educational sector will increase citizen involvement 
since these bodies are close to citizens and may invest in the future by educat-
ing and raising the awareness of younger generations regarding the relevance 



322  Mapping and the Citizen Sensor

of spatial data and their quality. These engagements could create motivation, 
increase sustainability and promote good-quality data for both NMAs and the 
contributors.

Another important aspect, more oriented towards citizens, that can increase 
motivation is gamification. However, when implementing reward systems (of 
gamified or real-life rewards), attention should be paid to the fact that data qual-
ity is much more important than quantity, and this should be clearly explained 
to the contributor. Thus, a good practice for gamification is to avoid giving 
rewards or prizes based on (or only on) the number of contributions made.

We feel that a platform based on the recommendations discussed in this 
chapter is feasible and can be carried out in a step-by-step manner through 
the development of pilots and research projects, as exemplified by the ongoing 
initiative of the Finnish mapping agency, which is defining and preparing to 
test the concept of a citizen layer.

Due to the importance of and increasing trend in VGI, we believe that NMAs 
should develop national VGI platforms for both data collection and data dis-
semination, even if it is difficult to predict if, or when, these initiatives will 
really become a ‘standard practice’ for all NMAs.
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