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by Vyron Antoniou

VOLUNTEERED GEOGRAPHIC INFORMATION

MEASURING QUALITY, UNDERSTANDING THE VALUE

The birth of VGI 
In 2007, Mike Goodchild coined 
the term Volunteered Geographic 
Information (VGI). He was 
describing “the widespread enga-
gement of large numbers of private 
citizens, often with little in the way 
of formal qualifications, in the 
creation of geographic information” 
(Goodchild, 2007: p.217). Many 
mark the birth of VGI with the 
birth of OpenStreetMap (OSM 
– www.openstreetmap.org) in 
2004. While OSM has played a 
key role in the development of the 
phenomenon, the fact is that the 
crowdsourced and collaborative 
creation of spatial content was not 
something new. 

The creation of VGI was sparked 
by a mixture of a different factors 
and it is difficult to understand 
the quality aspect of VGI without 
first examining the factors that 
lead to the appearance of this 
phenomenon. It is interesting to 
realise who these factors are, not 
only because some of them are 
new to the Geomatics domain 
and thus the professionals of 
Geographic Information (GI) 
need to extend their horizons so 
to study and understand them, 
but also because these factors are 
still the driving force behind the 
evolution of VGI. Thus, we need 
to have a clear view of their im-
portance and role if we want to 
understand how VGI is evolving 
and what the quality caveats that 
come with it are.  
One of them is the mentality of 
collaboration in order to achie-
ve a goal. VGI mimicked, in a 
sense, the mechanisms of Open 
Source Software where a team of, 
otherwise unrelated, programmers 
joined forces to create a free and 
open piece of software. In the case 
of OSM for example, the equi-

valent was to create an open and 
free map of the world. This col-
laboration was further facilitated 
by: i) the proliferation of accurate 
and low cost GPS-enabled devices 
which turned technology savvy 
people into “neo-geographers” 
(Turner 2006) and citizen-sensors 
(Goodchild 2007), and ii) no-
vel programming techniques 
which transformed Web into a 
bi-directional medium regarding 
content creation.  Moreover, 
the turn to spatial applications, 
which were freely accessible to the 
public, by the technology giants 
(e.g. Google, Microsoft, Yahoo!) 
drew the attention around spatial 
data and applications. On the 
other hand, however, the National 
Mapping Agencies (NMAs) were, 
in effect, keeping Spatial Data 
Infrastructures (SDI) out of the 
reach of the general public with 
high pricing and complicated 
licensing terms. The intertwining 
of all these factors contributed 
to the appearance and the deve-
lopment of the VGI phenome-
non. What has not been clearly 
stated as a contributing factor, but 

Fig. 1 – Adding data to OSM after mapping Brighton Pier. (Source: https://
en.wikipedia.org/ Author: Alexander Kachkaev).
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yet exists and affects VGI, is the 
social component. VGI, before 
and above all, is a social phenome-
non and this factor will be further 
analysed when we turn the discus-
sion to VGI quality.

Types and Sources of VGI
Today VGI is omnipresent. It 
comes from various sources and 
it can be found in many flavours 
including toponyms, GPS tracks, 
geo-tagged photos, synchronous 
micro-blogging, social networking 
applications, blogs, sensor mea-
surements, complete topographic 
maps, etc. Topographic VGI can 
come as a result of field work or 
bulk data import of authoritative 
datasets that are now freely avai-
lable. It is obvious that all these 
sources cannot just fall under one 
category. There are many aspects 
that can be examined here, but of 
particular interest when we exami-
ne the sources and types of VGI 
is the focus, the origin, the moti-
vation and the scope of the VGI 
contributors; in a sense if they are 
generating VGI in an implicit or 
explicit manner and in what con-
text.   Implicit contribution takes 
place via websites or applications 
where their main focus is on acti-
vities not related to the geospatial 
domain. This does not preclude 
the presence of a geospatial aspect 
as one of the many interesting 
features that such applications 
could have but spatial information 
is neither one of the core features 
nor the main motivation of their 
contributors. Often, contributors 
are not aware of the fact that 
their digital presence leaves also 
a spatial footprint. On the other 
hand, spatially explicit sources, 
urge their users to use geography 
and location as a motivational and 
organisational factor. The narrati-
ve behind these sources asks con-
tributors to interact directly with 
spatial features and consciously fo-
cus their attention into capturing 
spatial elements. 

This is because a product might 
adhere to the existing specifi-
cations but fails to fulfil requi-
rements. In quality terms, this 
product has high internal quality 
(i.e. is produced according to spe-
cifications), but it has poor exter-
nal quality (i.e. it does not fulfil 
its purpose). Again, this is the case 
also with spatial data. In other 
words, the fact that a VGI dataset 
(implicitly or explicitly created) is 
created according to some initial 
specifications does not necessarily 
mean that it can be used to cover 
all or any requirements stated by 
potential end-users.
Spatial data quality has long been 
an interesting topic for academics 
and GI professionals alike. There 
are obvious reasons for that. GI is 
the basic ingredient for all map-
ping and geo-spatial products and 
applications. If this ingredient is 
of poor quality, it just dooms any 
other effort. This explains the spe-
cial interest shown by NMAs and 
corporations for the standardiza-
tion of the terms and procedures 
used in spatial data quality evalua-
tion. A prime example towards 
this end is the specifications issued 
by the International Standards 
Organization (ISO) and the 
Technical Committee 211 (ISO/
TC211) responsible for the ge-
ographic data. In 2013, a new 
international standard was issued, 
ISO 19157 (ISO, 2013), which 
provides a holistic approach for 
spatial data quality (see fig. 2).

Both the source and the type of 
VGI play a role in the quality and 
value of VGI. However, before 
turning to this, we briefly review 
the basics of spatial data quality. 

Spatial Data Quality
In general, according to ISO 
9000 (ISO 2005), quality is the 
“degree to which a set of inherent 
characteristics fulfils requirements”. 
Characteristics (or quality ele-
ments) are defined as distingui-
shing features of a product that 
can be either inherent or assigned, 
and can be either qualitative or 
quantitative. Requirement is de-
fined as a need or an expectation 
that is stated, obligatory or gene-
rally implied. Thus, understan-
ding and measuring quality boils 
down to defining the elements of 
a product and how these elements 
serve the usages expected; in one 
word: fitness-for-purpose. While 
this might seem as oversimplifica-
tion, it is not. Most of the times 
it is very difficult to analyse and 
measure correctly these inherent 
characteristics, and the same ap-
plies in unequivocally defining the 
requirements to be met. Spatial 
data is no different and the same 
rules, and problems, apply when 
it comes to understanding and 
measuring spatial data quality; 
either quality pertains to authori-
tative data or VGI.
The discussion about quality be-
comes even more intriguing when 
product specifications are inclu-
ded in the equation. 

Fig.2 - The scope of ISO 19157 international standard.
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Spatial Data Quality
Elements 
When it comes to the evaluation 
of spatial data quality, a basic 
component is the characteristics 
or elements that compose this 
quality. These elements are fac-
tors that can be measured and 
the conformance of a dataset can 
be documented and reported 
to any interesting party. Thus, 
spatial data quality elements 
provide a tangible façade of a 
dataset’s quality, irrespectively of 
whether it is an authoritative or 
VGI one. First the understanding 
and then the assessment of these 
elements is fundamental when it 
comes to measuring GI quality. 
A brief description is provided 
(ISO, 2013): i) Completeness, 
refers to the presence or absence 
of features, their attributes and 
relationships compared to the 
product’s specification; ii) Logical 
consistency, refers the degree of 
adherence to logical rules of 
data structure, attribution and 
relationships as described in pro-
duct’s specifications; iii) Positional 
accuracy, refers to the accuracy of 
the position of features within 
a spatial reference system; iv) 
Thematic accuracy, refers to the 
accuracy of quantitative attribu-
tes and the correctness of non-
quantitative attributes and of 
the classifications of features and 
their relationships; v) Temporal 
quality, refers to the quality of the 
temporal attributes and tempo-
ral relationships of features; vi) 

Usability, refers to how a given 
dataset can meet specific user 
requirements that cannot be de-
scribed using the quality elements 
described above.
All the spatial quality elements 
(with the exception of Usability) 
can be further analysed into 
quality sub-elements so to better 
assess and measure the quality of 
a dataset.

Why this is not enough for VGI
The framework suggested by 
ISO, and now followed by many 
authoritative sources of GI, has 
been rigorously developed by 
the Geomatics community, and 
is serving very well the efforts to 
provide a tangible description of 
GI quality. However, these guide-
lines have been developed in a to-
tally different context compared 
to what we face today. Quality 
evaluation guidelines have been 
created for authoritative datasets. 
Authoritative datasets come from 
an ecosystem composed of trai-
ned personnel that follow tested 
protocols and procedures, rigor 
product specifications, certified 
equipment and software, organi-
zational structures and processes 
that work towards a high quality 
result, multiple quality control 
levels, and of course the absence 
of social, spatial or other biases 
as most of the authoritative data 
come from NMAs. For this kind 
of data, ISO standards (or similar 
quality evaluation procedures) 
will continue to be the basic re-
ference point.  What is not clear, 
however, is how to handle VGI 
data. First, the evaluation process 
cannot easily be implemented. 
Evaluating VGI against a referen-
ce dataset (i.e. authoritative data) 
is not always possible, due to li-
mited data availability, contradic-
tory licensing restrictions or high 
procurement costs of the authori-
tative data. Moreover, internal or 
external quality cannot be easily 
assessed as the wiki-based nature 

of VGI data results in the absence 
of data specifications (Antoniou, 
2011). Then it is the nature of 
VGI which paints a completely 
different picture from the one 
described earlier. In this front, the 
first element to consider is bia-
ses, both social and spatial ones: 
knowledge of language, users’ 
available time, their technical 
capability, origin or cultural dif-
ferences are all factors that intro-
duce subtle or important biases in 
VGI datasets. Then is the digital 
divide that should make us very 
careful about the coverage and re-
presentativeness of the data that is 
being collected.  A third element 
is the GI itself: lack of metadata, 
heterogeneity, patch work and 
fragmented contributions should 
be expected when using VGI. 
This includes also high volatility 
as frequent changes made by con-
tributors in important attributes 
can deteriorate the overall quality 
and the usability of VGI datasets. 

New methods for quality 
measures in VGI
In this context, researchers need 
to explore ways to determine 
VGI quality using existing me-
thods and, in parallel, find new 
ways that will suit better the na-
ture of VGI. The former group 
of efforts includes efforts that 
adapt the existing measures of 
spatial quality elements, discus-
sed above, to VGI datasets. The 
latter refers mainly to research 
aiming to reveal intrinsic to VGI 
quality indicators, sometimes 
new to Geomatics domain, so 
to facilitate the understanding 
of such data. Here, we turn our 
focus to the novel evaluation 
efforts that use intrinsic VGI 
quality indicators. These indica-
tors can be grouped in four dif-
ferent groups: i) data indicators, 
ii) demographic indicators, iii) 
socio-economic indicators and 
iv) indicators about contributors 
(Antoniou and Skopeliti 2015).Fig. 3 – Motion X GPS and OSM. (Source: https://

en.wikipedia.org/ Author: Harry Wood).
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Data Indicators. The direct quali-
ty evaluation can be problematic 
for VGI. This is because usually 
there are no detailed specifica-
tions or the evaluation against 
authoritative data might not be 
possible, not least because there 
is no access to reference data. 
Hence, the focus is on indicators 
that could reveal VGI quality 
by solely examining VGI data. 
Such indicators include features’ 
length and point density in a 
square-based grids or feature-level 
attributes such as the number 
of versions, the stability against 
changes and the corrections and 
rollbacks of features, the prove-
nance of contributed features 

Demographic Indicators.
As VGI is user generated con-
tent, it is expected that a corre-
lation between data quality and 
demographic data might exist. 
Empirical studies revealed the 
correlation between the demo-
graphics of an area and the com-
pleteness and positional accuracy 
of the data. Also, it has been 
shown that the low population 
density areas (i.e. rural areas) ne-
gatively affect the completeness 
of VGI data. On the contrary, 
population density positively 
correlates with the number of 
contributions, thus affecting data 
completeness or positional accu-
racy (see for example Zielstra and 
Zipf, 2010; Haklay et al, 2010). 

Socio-economic Indicators. 
Closely related to the demo-
graphics is the existing socio-
economic factors. The grassroots 
engineering and the bottom-up 
process of VGI turned the re-
search focus in socio-economic 
factors and indeed, it has been 
shown that social deprivation 
and the underlying socio-
economic reality of an area con-
siderably affects completeness 
and positional accuracy (Haklay 
et al, 2010; Antoniou, 2011). 
Similarly, other factors such as 
high income and low population 
age result into a higher number 
of contributions, a positive fac-
tor of VGI quality (Girres and 
Touya 2010).

Contributors’ Indicators.
This group of indicators focuses 
on revealing the contributor’s 
motivation drivers as this can 
give a better insight into user 
generated data. To this end, 
quality indicators can include 
the history and the profiling of 
contributors or the experience, 
recognition and local knowledge 
of the individual (Van Exel et al., 
2010). Moreover, the number of 
contributors on certain areas or 
features has been examined and 
it has been positively correlated 
with data completeness and 
positional accuracy (Keßler and 
Groot, 2013). 
VGI is a new development for 
the Geomatics domain. As such, 
some of the existing tools used 
so far for the quality evaluation 
of GI can be applicable here as 
well. However, is evident that 
the very nature of VGI imposes 
a broader thinking of how to 
be more inclusive so to better 
analyse the quality of VGI da-
taset. 
As there are still ongoing efforts 
to build a solid framework that 
will efficiently assess VGI quali-
ty, there is active research around 
novel quality indicators.

Understanding VGI value
When we solely focus on mea-
suring the quality of VGI data, 
we run the risk of missing the 
bigger picture that this pheno-
menon paints: the true value of 
VGI. Before VGI, spatial data 
was a privilege in the hands of 
governments or few corporations. 
Datasets where stored in silos 
and the vision of functional and 
public-serving SDIs was stran-
gling to stay alive. What VGI 
did was to introduce geography 
to the general public, increase 
awareness of its value and conse-
quently the demand for up-to-
date spatial products; in a sense 
VGI managed to spatially enable 
our societies. Moreover, VGI 
sparked the creation of a virtuous 
circle around the linkage between 
society and spatial information. 
The technological advances faci-
litated spatial data collection and 
online diffusion, and this made 
people familiar with spatial con-
tent, cartographic products and 
location based services. This in 
turn, created the need for more, 
freely available, spatial content 
of high quality and thus VGI 
sources were better placed to 
cover this need resulting to more 
crowdsourced spatial content to 
become available on the Web. 
This positive spiral was also 
fuelled by the intrinsic characte-
ristics of VGI data. First, is the 
fact that now we can record how 
people value and understand 
space. Now, for the first time, 
the user’s perception of space is 
tangible through the volunteered 
recording of spatial features or 
phenomena they consider impor-
tant to have on a map. Moreover, 
as daily life is local by its nature, 
VGI supports the recording of 
issues that range from health to 
entertainment, to education, or 
other local-scale activities. Closely 
related to this is the fact that VGI 
encapsulates the local knowledge 
that contributors have. Following 

Fig. 4 – OpenStreetMap GPS trace density. (Source: 
https://en.wikipedia.org/ Author: Eric Fischer).
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Tobler’s law which states that 
“everything is related to everything 
else but near things are more related 
than distant things” (Tobler, 1970: 
234) it is not strange that contri-
butions in VGI tend to be more 
accurate in places the contributor 
knows best. Another issue is the 
extended field of scope. While 
VGI become mostly known 
from a handful of champion 
projects such as OpenStreetMap, 
Wikimapia and Geonames, 
examples include also data ga-
thering for air pollution, urban 
noise, traffic and congestion 
maps, cycle maps, gpx-trail maps 
or soil mapping. Most of these 
topics were usually under the 
radar of the NMAs as their focus 
was on few well defined mapping 
products. This leads to the fact 
that now we can open our hori-
zons to new geospatial products 
and applications. Examples can 
be found in the field of urban 
sensing and smart cities. Today, 
with ubiquitous sensor networks 
our living environments are being 
transformed into smart cities 
where the flow of VGI in terms 
of volume and currency opens 
the opportunity to monitor and 
understand, in an unprecedented 
way, what exactly takes place 
in every corner of the urban fa-
bric. Apart from new products, 
VGI can also play an important 
role in correcting, enriching, 
and updating existing datasets. 
Furthermore, VGI shortens the 
time horizons of geographic data 
update as in most cases the time 
gap between data capture and 
data consumption is minimal. 
Finally, most of the times, all the-
se come with no cost and without 
sophisticated and restrictive licen-
sing agreements. 

What is next?
The evolution and possibilities 
of VGI in the Geospatial do-
main have attracted the interest 
of academics and professionals 

alike with a growing number of 
governments and corporations 
leveraging this kind of GI infor-
mation. However, it is clear that 
while, at this point, VGI cannot 
replace proprietary and authori-
tative data, it can play a crucial 
role in correcting, enriching and 
updating existing datasets or pro-
vide the basic information layer 
for new products. 
VGI has been a growing pheno-
menon for over a decade now. 
Notwithstanding the acceptance 
that it has received so far, the 
most important factor that hin-
ders a more widespread diffusion 
is the lack of a stable and standar-
dized way to evaluate data quali-
ty. Existing and well-established 
methods and processes for spatial 
data quality evaluation, while 
still valid, are not always applica-
ble to VGI datasets. This drives 
researchers and academics into 
the study of new methods so to 
eloquently answer the pressing 
question about “how good is 
VGI data?”. The nature and the 
creation mechanisms of VGI led 
to the analysis of a number of fac-
tors. However, research is still far 
from providing concrete answers 
and methods regarding the eva-
luation of VGI quality. Here, we 
just scratched the surface of the 
ongoing research on VGI quality 
evaluation.
Now, if we had to provide a 
prediction for the future, which 
is always a challenging task, it 
would be that the times ahead 
will get extremely interesting in 
this field. This optimistic view is 
based on the trends which more 
or less serve as the driving forces 
of VGI: technology and society. 
In the technological front, the 
evolution in Information and 
communications technology 
(ICT) will not leave VGI unaf-
fected: bandwidth will keep 
increasing, the cost of hardware 
will keep dropping and the num-
ber of people online will keep 

growing and thus the pool of 
contributors will become larger 
and better equipped. This alone 
is great news for the future of 
VGI. However, the most crucial 
role is expected by the spatial data 
capturing devices that will pro-
liferate or be introduced in the 
future. On the one hand is the 
ubiquity of sensors that passively 
collect spatial data, mostly in 
urban context. The transforma-
tion of our living environment 
into smart cities inevitably passes 
through a better understanding 
and a more detailed recording of 
space and human activity. This 
development is based on the 
consideration that location and 
spatial information are common 
goods and promotes their availa-
bility in order to stimulate inno-
vation (Roche et al. 2012). Then, 
is the individually controlled 
devices. The spread of drones, for 
which we are still exploring their 
abilities to contribute in syste-
matic data gathering, is expected 
to bring VGI in a whole new 
level. Moreover, the evolution of 
the wearable technology, while 
still in its early days, is expected 
to contribute to the evolution 
of VGI. The omnipresence of 
wearable sensors is expected to 
multiply the availability of spatial 
data on the Web. Similar impact 
is expected by the development 
of indoor positioning and map-
ping systems (e.g. Google’s Tango 
project) which will extend VGI 
into new fields. So, in short, GI 
capturing devices, on top of what 
it is today available, will cover 
also the area of aerial surveying, 
of everyday activities and of in-
door mapping, and this is just a 
sneak preview of the near future. 
In the societal front, the future 
could be even more exciting. 
Crowdsourcing, volunteerism, 
citizen science and social enter-
prises are just some of the early 
formations which the increased 
online connectivity has brought. 
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It is really amazing how online 
communities address real world 
problems and even more impres-
sive how this grassroots collabo-
ration overcomes societal barriers 
and enables citizens to participate 
in the management and improve-
ment of quality of life. The social 
transformation shaped by online 
communities will prove equally 
important factor in the evolu-
tion of VGI as the technological 
advances. 
How this ecosystem affects the 
understanding of VGI quality? 
We need to understand that this 
area is highly interdisciplinary in 
that intertwines the advances of 
many domains. VGI is the graf-
ting of the underlying social, eco-
nomic and technological situa-
tion with the geospatial domain. 
It is incarnated with the tangible 
recording of citizen’s perception 
for space and phenomena they 
consider important to have on a 
map. However, despite the work 
and empirical research available 
on the subject of VGI quality, a 
solid framework for assessing the 
quality of crowdsourced spatial 
data is far from being established 
for all the reasons explained here. 
This should be the next goal for 
VGI on our way towards Digital 
Earth.
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ABSTRACT
Oggi la Volunteer Geographic Information (VGI) è onnipresente. Proviene da varie fonti e può essere trovata in molti 
aspetti tra cui toponimi, tracce GPS, foto geo-tag, applicazioni di social networking, blog, misurazioni dei sensori, 
mappe topografiche ecc. Può essere il frutto di un lavoro sul campo o di bulk data importati da un dataset autorevole, 
disponibile gratuitamente. E' ovvio che tutte queste fonti non possono solo cadere in un'unica categoria. Ci sono 
molti aspetti che possono essere esaminati qui, ma di particolare interesse, quando si esaminano le fonti e le tipologie 
di VGI, sono l'origine, la motivazione e lo scopo di chi contribuisce alla VGI.
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