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ABSTRACT: 
 
The rise of crowdsourced mapping data is well documented and attempts to integrate such information within existing or potential 
NSDIs [National Spatial Data Infrastructures] are increasingly being examined. The results of these experiments, however, have been 
mixed and have left many researchers uncertain and unclear of the benefits of integration and of solutions to problems of use for such 
combined and potentially synergistic mapping tools. This paper reviews the development of the crowdsource mapping movement and 
discusses the applications that have been developed and some of the successes achieved thus far. It also describes the problems of 
integration and ways of estimating success, based partly on a number of on-going studies at the University of Nottingham that look at 
different aspects of the integration problem: iterative improvement of crowdsource data quality, comparison between crowdsourced 
data and prior knowledge and models, development of trust in such data, and the alignment of variant ontologies. Questions of 
quality arise, particularly when crowdsource data are combined with pre-existing NSDI data. The latter is usually stable, meets 
international standards and often provides national coverage for use at a variety of scales. The former is often partial, without defined 
quality standards, patchy in coverage, but frequently addresses themes very important to some grass roots group and often to society 
as a whole. This group might be of regional, national, or international importance that needs a mapping facility to express its views, 
and therefore should combine with local NSDI initiatives to provide valid mapping. Will both groups use ISO (International 
Organisation for Standardisation) and OGC (Open Geospatial Consortium) standards? Or might some extension or relaxation be 
required to accommodate the mostly less rigorous crowdsourced data? So, can crowdsourced data ever be safely and successfully 
merged into an NSDI? Should it be simply a separate mapping layer? Is full integration possible providing quality standards are fully 
met, and methods of defining levels of quality agreed? Frequently crowdsourced data sets are anarchic in composition, and based on 
new and sometimes unproved technologies. Can an NSDI exhibit the necessary flexibility and speed to deal with such rapid 
technological and societal change? 
 
 

1. THE RISE OF CROWDSOURCING AND VGI 
 
It was probably Howe who in 2006 first coined the term 
“crowdsourcing” (Howe, 2008), and assigned it to the discovery 
and use of data by citizens for themselves and by themselves. 
From the start this included both locational, spatial and thematic 
information. The expansion of the geospatial database was 
largely made possible by the rapid growth of the use of personal 
GPS systems. As a geoscientist I tend to think of crowdsourcing 
as being inherently concerned with locational data, but it is 
worth noting that Howe said crowdsourcing could be 
categorised as: 

the act of a company or institution taking a function once 
performed by employees and outsourcing to an undefined 
(and generally large) network of people in the form of an 
open call . . . (Howe,  wired.com) 

which contains no spatial concept as a main theme.  
 
The crowdsource idea has spread since 2006 and multiplied to 
involve people everywhere, but has raised some disquiet 
amongst established agencies that previously were considered 
by themselves, and frequently everyone, not only to “own” the 
field of activity – such as topographic survey – but also to have 
developed excellent standards and practices. Many 
organisations considered that crowdsourcing newbies would be 
acting haphazardly at best, and erroneously at worst. 
 
An important distinction has arisen since Howe’s statement: that 
between volunteered and contributed information – VGI or CGI 
(Harvey, 2013). Many people volunteer information to groups 
or institutions in the hope and expectation of getting it back, 
possibly enhanced by other voluntary additions or edits, to use 

as they wish – probably for thematic purposes of their own. 
Contributed information may be provided voluntarily, but what 
happens to it is up to the organisation to which it was given. 
The contributor has either no or very minimal rights to it 
thereafter. The OpenStreetMap (OSM) ethos, as will be 
considered later, is that of entirely VGI, whereas other 
activities, such as donation of information to the Google 
mapping suites, tend to be CGI. Everybody can use the final 
products of both, but CGI donations are not necessarily 
reciprocal. 
 
Anderson (2007) had “six big ideas” in his prophetic Techwatch 
report to the UK JISC that have been cited by many authors 
(Anand et al, 2010; Boulos , 2011). The first was that of 
individual production and user generated content – now more 
known usually as VGI, following Goodchild (2008), or CGI, 
where constraints on use exist. The next was harnessing the 
power of the crowd – now commonly termed crowdsourcing. 
He envisioned the use of data on an epic scale, which is 
certainly now the case. Two more ideas were network effects 
and the architecture of participation generated by the web, 
together providing a synergistic use and increase in value, both 
in economic and cultural terms. Last, but by no means least, 
Anderson stressed the need for openness, to maintain access and 
rights to digital content. Fortunately the web has always had a 
strong tradition of openness, if not anarchy, and so the 
introduction of open sourcing and standards and free use and 
reuse of data has become a mainstay of much technological, 
community, and cultural development. Boulos (2011) considers 
that using the web to bring together the instinct and abilities of 
experts, the wisdom implicit in crowdsourced material, and the 
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2.1 Why make VGI Maps? 
 

 

According to Starbird (2012), “Crowdsourcing, in its broadest 
sense, involves leveraging the capabilities of a connected crowd 
to complete work.” OSM is probably the best mapping example, 
though there are many to choose from, particularly if the 
process of gathering the data and filtering it is considered a 
prime function in the process, such as the use of Twitter to 
gather data, followed by collaborative filtering to identify local 
Twitterers who are providing raw data during active 
catastrophes (Starbird et al, 2012).   
 
OSM (see on-going project in Figures 6 and 7) is venerable by 
web standards. Formed in 2004 by Steve Coast it now has over 
200,000 members and was created to be free as in “beer” and 
relies on crowdsourced data and editing, much like Wikipedia. 
How well has it performed in the last 8 years? This will be a 
consideration of a later section of this paper.  
 

The map making process is in essence simple and 
straightforward.  Volunteers take a GPS on their journey, record 
their tracks and any extra information with notebooks, cameras 
etc (see http://wiki.openstreetmap.org/wiki/Main_Page), return 
home to download all the information, upload it to the data base 
and edit the result. Since 2006 Yahoo, and more recently some 
national mapping providers, have allowed OSM to use their 
imagery to help create the OSM map. A good example is the 
Baghdad City plan in Figure 8 generated in OSM, using 
imagery, online drafting, and ground truth checks by local 
volunteers. 
 

 
Figure 8: Baghdad City, using OSM, mapped remotely by 
volunteers, from imagery, with ground checks. 
 

 
Figure 6: The OSM “no-name” project. 

 
The no-name project was active on the OSM web site in 
November 2012, where users were invited to help with known 
problems – in this case unlabelled route names in Europe. The 
apparent density of no-name routes rather over-emphasises the 
scale of the problem. 
 

Apart from OSM most of the impetus for mapping has come 
from individuals or groups desiring thematic content, rather 
than desiring to be ground surveyors. This explains why basic 
mashup sites have been so popular, where base mapping is 
provided, and the group generates the thematic coverage. 
Academic researchers have also been busy using mashups to 
display group activity such as Twitter messages, and other 
internet measurable phenomena. 
 
Twitter messages have been mapped successfully by some VGI 
enthusiasts. Figure 9 shows one of these maps for central 
London. Volunteers can get up to almost anything. A recent 
example is the London Twitter Language Map in Figure 9, 
generated by UCL CASA from an analysis of tweets for about 
six months between March and August 2012 (see at 
http://mappinglondon.co.uk/2012/11/02/londons-twitter-
tongues/). English accounted for 92.5 per cent of the tweets, 
with Spanish the second most common language, followed by 
French, Turkish, Arabic and Portuguese.  

 
 
Figure 7: An enlarged section from Figure 6, from the Melton 
Mowbray area of the UK, shows the true situation . 
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Figure 12: Christchurch earthquake survey. From at http://www.tomnod.com/geocan/. The training image on the left indicates how 

damage appears on photos. The yellow lines, drawn by the VGI community worldwide, outline serious earthquake damage to 
buildings in the image on the right. 

Even YouTube has been getting into disaster mode recently in 
the USA, though less for relief than display of Twitter 
messages, to a mapping and disaster music background. See the 
Hurricane Sandy (October 2012) Tweets video at 
www.youtube.com/watch?v=g3AqdIDYG0c&feature=player_e
mbedded. 
 
A question that needs to be asked is: “How do the VGI 
instigated sites compare with those organised reactively or 
proactively by the authorities?” The answer is difficult to assess 
as often the aim of the sites is different. The VGI contributors 
tended to be very single theme focussed and do not always take, 
or have responsibility for, an overview to any given disaster. 
The authorities, have to respond, inform, and deal with all 
aspects of the situation, and so may appear, and quite possibly 
be, more lethargic in their reactions to events.  
 

Patrick Meier, at http://irevolution.net/2012/08/01/ crisis-map-
beijing-floods/ blogged about the terrible flooding in Beijing in 
July 2012 in which over 70 people died 8,000 homes were 
destroyed, and $1.6B of damage sustained; the result of the 
heaviest rainfall in 60 years. VGI contributors, within a few 
hours and using the Guokr.com social network had launched a 
live crisis map that was reportedly more accurate than the 
government version, but also a day earlier. Figure 13 shows part 
of the crowdsourced map as at 1st August. Mr Meier 
commented that additions in the future might be to turn the 
excellent crisis map into a crowdsource response map by online 
matching calls for help with corresponding offers of help, and to 
create a Standby Volunteer Task Force for potential future 
disaster situations. 

 
 

Figure 13: Part of the crisis map made by VGI from the July 2012 Beijing floods. 
 
Some days later the Beijing Water Authority map in Figure 14 
was published. It has all the benefits of production by authority: 
it is precise, accurate, exhibits good cartography, while at the 

same time managing to be rather obscure in interpretation (not 
because of the Chinese language), and probably static – 
describing what had happened, not what was happening. 
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Figure 14: Beijing Water Authority Map generated for the flood of July 2012. 
 
The Beijing Meteorological Bureau sent 11.7 million people an 
SMS warning on the evening of the  rainstorm, including safety 
tips, but it proved impossible to warn all Beijing’s 20 million 
residents because the mass texting system  was far too slow to 
disseminate the warning.  
 
The third example to be considered in this paper is the tragedy 
of the January 12th 2010 Haiti earthquake and the 
crowdsourcing response to it, as outlined in Heinzelman et al 
(2010). The magnitude 7 earthquake killed about 230,000 
people, left 1.6M homeless and destroyed most of Haiti’s 
populated urban areas.  
 

 
Figure 15: Organised VGI at work - Patrick Meier’s living room 

– the Ushahidi-Haiti nerve centre at the start of the crisis. 
 
The response of the Ushahidi organisation was immediate and 
the Ushahidi-Haiti map was launched. A large collaborative 
effort was instituted, governmental, industrial, academic, and 
from the grass roots to create a map of the present post calamity 
Haiti, and place upon it texted messages concerning needs and 
requirements. 85% of households had mobile phones, and of the 
70% of cell phone masts destroyed most were repaired rapidly 

and back in service within a few days. The texts contained 
reports about trapped persons, medical emergencies, and 
specific needs, such as food, water, and shelter. The most 
significant challenges arose in verifying and triaging the large 
volume of reports. These texts, at a rate of 1,000-2,000 per day, 
were handled by more than 1,000 volunteers in North America, 
plotted on maps updated in real time by an international group 
of volunteers, and decisions and resources allocated back in 
Haiti.  

 
Figure 16: Part of the final OSM-Haiti earthquake damage map. 

1.4M edits were performed during the first month. 
 
If a piece of information were considered useful and specified a 
location, volunteers would find the coordinates through Google 
Earth and OpenStreetMap and place it on haiti.ushahidi.com  
for anyone to view and use. The results can be viewed at  
http://wiki.openstreetmap.org/wiki/WikiProject_Haiti/Earthqua
ke_map_resources. Through the aggregation of individual 
reports, the crisis mappers were able to identify clusters of 
incidents and urgent needs, helping responders target their 
response efforts. 
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(www.viamichelin.com),  RouteNet plan (www.routenet.com), 
OpenRouteService (http://openrouteservice.org) and Naver – in 
South Korea (http://maps.naver.com). Brussels in Belgium was 
used for most of the tests, but Seoul in Korea was chosen for 
one of the underground experiments. 
 
When calculating the shortest path in Brussels both (Figure 34) 
Bing and Google do not use a gallery as a short cut, whereas the 
others do so; Bing does not show the route, but Google Maps 
does provide a name, but not a route. The conclusion must be 
that some networks do include interior pathways accessed by 
above ground entrances in their shortest route calculations; 
others did not have indoor networks at the time of the 
experiment. 
 
The underground Myondong shopping centre in Seoul lies 
beneath a wide and very busy road, with entrances at either side 
of the road.  This made a good test of routing software: would 
the calculated path suggest going down, through the shopping 
centre, and then up on the other side of the road? Only Naver 
was able to provide pedestrian routing in Seoul, and it did 
successfully find the route; definitely a case of “Why did the 
chicken survive crossing the road? Because it’s route planner 
did know the underground path.” 
 

 
 
Figure 35: Brussels Central Station to Ravensteingallerij using 
route planner (a) Bing ,(b) Google Maps, (c) Mappy, (d) Via 

Michelin, (e) RouteNet and (f) OpenRouteService. From 
Vanclooster et al (2012). 

 
A further test was conducted in Brussels to see if underground 
entrances and exits were part of the route planner’s database. 
The test route went from the main railway station via an 
underground connection to the Ravensteingallerij (see Figure 
35). Only OpenRouteService used all available entrances and 
underground passageways to progress directly to the gallery. 
The other networks were less successful. In many cases, for all 
route finders, the address translating process to convert to geo-
location on the map were rather simplified. For instance all the 
route planners used one entrance/address point for route 
planning, no matter what the destination of the query, while 
railway stations are well known for having several entrances, 
owing to their considerable size,  
 
These tests show that the data for the route networks in these 
Brussels and Seoul examples were incomplete when the tests 
took place, not that the route finder algorithms per se were 
inadequate. All data providers add as much extra spatial data 
and information into their networks as they can, but update and 
discovery take time, and this leads to inadequacy in some 
locations. Until the last few years most commercial data 
providers did not use any VGI or CGI spatial data to update 
their networks. Now, more are doing so as it becomes very clear 
that organisations such as OSM can provide accurate useful 
information. For example, Google Maps – definitely in the CGI 

camp for data acquisition – has started to make increased efforts 
to use this huge human resource to improve its mapping. 
 
4.2 Crowdsourcing Indoor Geodata 
 
The inside of buildings provides a fairly difficult VGI survey 
environment because of the non-operation of most easily 
understood GPS handheld devices. Other means are becoming 
possible using 3-axis accelerometers and the 3-axis 
magnetometers available in many smart phones and even a 
piezometer implanted  in a Nike running shoe (Xuan et al, 
2011). But, the kit and skills required are not yet commonplace. 
Added to the sudden change of scale, and therefore desired 
locational accuracy, when moving across the interface from 
exterior survey to interior mapping there is the question, as 
discussed by Vanclooster et al (2012), of address matching with 
possible multiple entrances to the same building. Lee (2009) has 
considered the address interface problem and comments on the 
orderliness of some exterior addresses and the disorganised 
nature of many interiors. 
 
One of the most prolific authors dealing with 3D city models 
published in the last few year has been Goetz (Goetz and Zipf, 
2011 and 2012; Goetz, 2012) who discusses the CityGML 
standard for storing and exchanging 3D city models, and the 
progress of modelling, mostly with German examples. As he 
points out, different regions in the world have different desires 
and therefore different standards that need to be met in their 3D 
models. According to Haklay (2010) and others OSM is often 
able to exceed official or commercial data sources in terms of 
quality and quantity. 

 
Figure 36: Levels of Detail (LoD0 – LoD4) defined in 

CityGML specification 
 
CityGML defines a number of Levels of Detail (LoD) for 
modelling purposes: LoD0 is the plan view of a 2.5D terrain 
model, LoD1 is a simple extruded block rendition, LoD2 is 
textured with roof structures, LoD3 is a detailed architectural 
model, and LoD4 is a full “walkable” 3D model. 
 
As we have seen, most routing systems focus on a 2D network 
specification and cannot cope easily with a 3D model. Goetz 
proposes:  

“the development of a web-based 3D routing system based 
on a new HTML extension. The visualization of rooms as 
well as the computed routes is realized with XML3D. Since 
this emerging technology is based on WebGL and will 
likely be integrated into the HTML5 standard, the 
developed system is already compatible with most common 
browsers such as Google Chrome or Firefox. Another key 
difference of the approach presented is that all utilized 
data is actually crowdsourced geodata from OSM” (Goetz, 
2012).  

International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences,
Volume XL-1/W1, ISPRS Hannover Workshop 2013, 21 – 24 May 2013, Hannover, Germany

412



This would appear to be a very useful contribution to both 
mapping and routing services, and the use of OSM to provide 
much of the ground truth data would prove invaluable in terms 
of both time and money. 
 

 
 

Figure 37: Increase in use of the “building” (blue) and the 
“indoor” key for OSM additions from 2007 up to 2011. From 

Goetz and Zipf (2011). 
 
There are now about 45M tagged buildings in OSM with 
approaching 0.5M added every week (Goetz, 2012); not all are 
fully rendered, but many are well above LoD1. This rate of 
building increase is currently higher than that for roads, which, 
although standing at about the same total, increases by perhaps 
0.2M per week. See Figure 37, which shows the increase in 
usage of building and interior keys between 2007 and 2011. 
 
Describing and modelling buildings requires a common 
understanding of terms and importance. Ontologies have been 
developed to allow not only questioning, searching and joining, 
but also to allow routing and navigation. Yuan and Zizhang 
(2008) proposed an alternative navigation ontology, but one that 
did not concern itself about colour or other non-essentials to 
navigation. Goetz’s ontology is kept simple, but allows realistic 
visualization of the building as well. 
 
It would appear from the foregoing that much of the present 
work on buildings, both exterior and interior is being performed 
by OSM crowdsource enthusiasts; many of them very skilled. 
Who should be the crowdsourced agents for making the 
building models? Rosser et al (2012) say that perhaps the 
buildings occupants are those best placed to make the most 
satisfactory models; to them at least, and who has a better 
claim? 
 
As time passes and the number of building edits shown in 
Figure 34 increases exponentially, it is likely that much of the 
activity will turn to editing and the improvement of the quality 
of OSM submitted buildings, where in some cases exuberance 
may have dominated accuracy. The open source tools to make 
and use the models have been generated, the skills are present in 
some quantity, and the ontologies are defined to allow the 
buildings to be more than a pretty object; they can become full 
network models. 
 
4.3 Indoor Google 
 
Google in its various mapping guises has for many years been 
the mainstay for providing base maps for the crowdsource 
community. The main commercial spatial data providers were 
for many years Navteq, TeleAtlas and Google. Historically, 
Netherlands based TeleAtlas and North American Navteq were 
used in many navigation applications.  
 
Since Nokia (http://en.wikipedia.org/wiki/Navteq) bought 
Navteq in 2008  and TomTom acquired TeleAtlas, also in 2008 
(http://en.wikipedia.org/wiki/Tele_Atlas), there has been a clear 

separation where each navigation specialist was responsible for 
its own data sets. But in 2011 Garmin bought Navigon AG (to 
capture the iOS and Android navigation apps market where 
Navigon was dominant. This was an important step for Garmin 
because all portable navigation devices had been losing ground 
to smartphone navigation apps, a market that Garmin had not 
entered before. Interestingly in June 2011 Navigon had 
introduced a PoI package derived from the crowdsourced OSM 
project. 
 

  

 
 
Figure 38: Interiors of Guildford Cathedral, showing the indoor 
online possibilities of Google’s Street View. A full walk about 

is very possible. Google Guildford Cathedral. 
 
Google changed from TeleAtlas data in 2009 to individually 
conducted “Street View” data gathering for their US dataset. 
Reasons for this move were said to be the lack of accuracy and 
coverage in the United States from the TeleAtlas data according 
to http://blumenthals.com/blog/2009/10/12/google-replaces-
tele-atlas-data-in-us-with-google-data/. By doing this Google 
confirmed its intention to remain a major contender for 
providing spatial information. Until 2011 neither Nokia, 
TomTom, nor Google had showed much interest in acquiring a 
ubiquitous indoor data capability. Google announced in October 
2011 that Street View would now move inside buildings. 
Throughout 2011 Google was trialling its data collection and 
photography systems of interiors with the help of stores and 
offices. Meanwhile Street View was being expanded to many 
new countries; by May 2012 Israel was on the photographic 
map and by October Street View coverage had broadened to 11 
countries, including the US, UK, Sweden, Italy and Singapore, 
and special collections have been launched for South Africa, 
Japan, Spain, France, Brazil, Mexico, Israel and other countries. 
At the same time Street View had been enhanced to provide 
indoor tours of a number of places, for instance: Russia's 
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Catherine Palace and Ferapontov monastery, Taiwan's Chiang 
Kai-shek Memorial Hall, Vancouver's Stanley Park, the interior 
of Kronborg Castle in Denmark, and Guildford Cathedral in 
Figure 38. 
 
This interest on Google’s part in interiors and encouraging both 
Street View but also crowdsourced participation may herald the 
start of complete routing systems that do understand 3D 
buildings, their interiors, the underground passages, and the car 
parks that go to make up the modern city. It will then be very 
interesting to apply Vanclooster’s routing tests again and see 
whether the 3D information gathered by VGI, CGI, or PGI 
means, allows accurate shortest/fastest guidance through the 
urban maze. 
 
 

5 WHITHER SPATIAL ONTOLOGIES? 
 
Shanahan (1995) is quoted in Bhatt (2008) as defining spatial 
ontology as:   

“If we are to develop a formal theory of common sense, we 
need a precisely defined language for talking about shape, 
spatial location and change.  The theory will include 
axioms, expressed in that language, that capture domain-
independent truths about shape, location and change, and 
will also incorporate a formal account of any non-
deductive forms of common sense inference that arise in 
reasoning about the spatial properties of objects and how 
they vary over time.”  

The idea that common sense is vital and will be used while 
reasoning with and about spatial objects is to be applauded. The 
understanding and semantics of geographical concepts vary 
both between user communities – VGI or PGI based – and need 
ontological formal languages and structures to represent the 
concepts used by any information community. Stock (2008) 
argues that, as human semantics can be extremely informal in 
nature,  “Perhaps NSDIs have been too formal and do not 
account for this human flexibility?”  
 
Berners-Lee (2005) tried to estimate the effort involved in 
ontology creation. The table in figure 39 shows his results. 

 
Figure 39: Berners-Lee (2005) Total cost of ontologies.  

 
This table assumes ontologies are evenly spread across orders of 
magnitude, committee size is reasonably represented by 
log(community), time is community**2, and costs are shared 
evenly over the community. The scale column represents the 
community size from which the committee size and costs are 
calculated. The general conclusion is that the cost of large 
efforts is huge, but it is borne by and benefits an even larger 
group and so the cost per individual is very, very small indeed. 
 
A large effort is required to build an ontology for a particular 
domain. This is a disincentive for groups who might create 

ontologies to suit their own circumstances. Also, why should 
there be a single ontology, and why in English, which might act 
as a constraint to some non-English semantic ontologies 
(http://en.wikipedia.org/wiki/Linguistic_relativity)? Perhaps 
variety and semantic translation and interoperability would be a 
better approach? The figures in the table argue strongly in 
favour of large group participation and might be thought to be a 
good prospect for professional crowdsourcing, as with standards 
and software open source projects? 
 
GIS has used standard forms with attached labels since it 
appeared as a discipline (Evans, 2008).  Researchers consider a 
good representation of the world assumes: there is only one type 
of object in a given space; several in one space would be 
identical, and that everyone would use the same descriptive 
terms and labels. In practice this is not so; we are all our own 
experts with different mental formulations of the world around 
us brought about by different experiences and upbringing in 
society.  
 
Despite this problem with diverse groups OSM has built an 
open ontology from scratch (Dodge, 2011). Many of the people 
most actively involved in the ontological development of OSM, 
whilst skilful and self-motivated, do not have a cartographic 
background. This often leads to lively debates about the 
ontology for OSM and some new thoughts about how maps 
should look and work. The difficulties are usually ironed out by 
social negotiation to determine the best understanding of the 
objects in question. As time passes so OSM’s ontology is 
becoming more complex and useful, but partly as the result of 
considerable mental anguish amongst the contributors and 
editors. 
 
5.1 Vagueness 
 
Much time and effort is involved in defining ontologies of 
spatial objects; possibly even more in recognising, defining and 
categorising the objects in a formal manner so that they can 
enter an ontological description. A major problem of the real 
world is that although an object is definitely present it can rarely 
be described by a single term, or multiple occurrences by the 
same exact definition. Our desire to classify is confounded by 
vagueness of description.  
 
A traditional example of this problem is: when does a pond 
become a river, become a lake, become a sea (Third, 2008)? 
Scale is one factor, form is another, salinity might be a third, 
and so on. Our descriptors are unclear and suit our thinking, 
perhaps. This problem of vagueness could be overcome by 
choosing to ignore insignificant parts, but insignificant is also 
vague and undefined in most cases.  Humans tend to skip over 
insignificant deviations. A serious problem in developing an 
ontology is to define the terms to be used within it.  
 
Bennett (2008) discussed the standpoint theory of vagueness 
and showed how apparently impossibly difficult semantic 
problems – is this a river or an estuary? Is this a heap or merely 
a pile? – could be expressed using supervaluation semantics 
(Bennett, 2008) to enable vague human  language to be 
logically interpreted by a set of possible precise interpretations 
(called precisifications), providing a very general framework 
within which vagueness could be analysed within a formal 
representation and handled by computer algorithm. 
 
Implementation of this process is not at all trivial, despite the 
human ability to make instant judgements. For instance 
processing geometric shapes to provide qualitative shape 
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but is not precise, nor is it complete. There are many ways of 
storing data, here on paper or in a GIS, and several ways of 
structuring the data using a variety of syntactic and schematic 
models. What is needed, as proposed by Stock and others listed 
earlier in this text, is the ability to integrate models based on 
global schema and perhaps to use Bennett’s standpoint theory to 
help remove vagueness from the mix. 
 
Mary McRae, until 2010 working with OASIS (Organization 
for the Advancement of Structured Information Standards), is 
well known for a presentation containing the slide “Standards 
are like parachutes: they work best when they're open”, 
possibly derived from LE Modesitt Jr, or was it Frank Zappa, or 
Elvis? The point is well made, however. Open standards are 
essential if people are to be willing to use them. They must be, 
according to OSGeo, freely and publicly available, non-
discriminatory, with no license fees, agreed through formal 
consensus, vendor neutral, and data neutral. Note that open 
standards does not mean open source. Standards are usually 
documents; sources tend to be software. See the paper from 
OSGeo on this subject – Open Source and Open Standards at  
http://wiki.osgeo.org/wiki/Open_Source_and_Open_Standards.  
 
The OGC recommends many geospatial standards to users, 
including GML (Geography Markup Language) as its base. See 
http://en.wikipedia.org/wiki/Geography_Markup_Language. 
GML is the XML grammar for expressing geospatial features. It 
offers a system for data modelling and as such is used as a basis 
for scientific applications and for international interoperability. 
It is at the heart of INSPIRE (Infrastructure for Spatial 
Information in the European Community), the European 
initiative, and for GEOSS (Global Earth Observation System of 
Systems). See http://inspire.jrc.ec.europa.eu/index.cfm and 
http://www.earthobservations.org/geoss.shtml. New standards 
from OGC are continuing, with community-specific application 
schemas introduced to extend GML. GML 3.0 is a generic XML 
defining points, lines, polygons and coverages.  It extends GML 
to model data related to a city using CityGML for 
representation, storage and exchange of virtual 3-D models. 
There was a workshop in January 2013: CityGML in National 
Mapping. See http://www.geonovum.nl/content/programme-
workshop-national-mapping. 
 
 Other standards include: the Web Feature Service (WFS), for 
requesting geographical features; the Web Map Service (WMS), 
for requesting maps using layers, to be drawn by the server and 
exported to the client as images; and the Styled Layer 
Descriptor (SLD) which provides symbolisation and colouring 
for feature and coverage data.  
 
The OGC is an international organisation, but so is ISO, and 
both generate standards for the geodata community to use. The 
OGC was started with mainly industrial, commercial and some 
research membership, whereas ISO, in the form of Technical 
Committee 211 (ISO/TC211), was instituted as a completely 
independent body with members delegated by participating 
nations, usually but not always from appropriate national 
standards bodies. Both operated in the same field but, 
fortunately, for many years OGC and ISO have cooperated 
closely in standards specification to the benefit of both. 
Recently ISO/TC211 has published the text for standard 19157, 
Geographic information — Data quality, to specify standards 
for ensuring that quality of geographic information can be 
implemented, measured and maintained. The data quality 
elements consist of: completeness of features; logical 
consistency, adherence to data structure rules; positional 
accuracy within a spatial reference system; thematic accuracy 

of quantitative and qualitative attributes; temporal quality of a 
time measurement; usability element based on user 
requirements; and lineage: provenance of the data. Interestingly, 
all but logical consistency need to be verified by some ground 
truth action. The standard proposes that different methods of 
sampling (see Figure 41) will be necessary for different data 
types. 

 
Figure 41: Choosing a sampling strategy for quality checking by 

logical feature or by areal selection (ISO/TC19157). 
 
There is flexibility as to which strategy is chosen based on 
either a complete population survey, probabilistic or 
judgemental sampling procedure. The choice depends on the 
data being tested. 
 
 

6 ACCURACY, QUALITY, AND TRUST 
 

 
Figure 42: MODIS (top) and GLC-2000 (bottom) satellite 

images covering a 20km x 20km area around the UK town of 
Milton Keynes, showing automatic classification by different 

but standard approaches, to indicate similar land cover classes. 
In both images deep pink is cropland or natural vegetation, red 

is urban and built up areas. 
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Are VGI contributors ever going to desire to exploit fully the 
geospatial standards available; or indeed to have any interest in 
them? How far can loose knit organisations like OSM impose 
structure and completeness on their members; and, should they? 
The evidence from this review would suggest that the majority 
of the work is done by competent committed people who do try 
to produce completed maps, with full attribute sets, and careful 
editing. They may be unpaid, but they appear to be anything but 
uncaring! And, they are fast. There seems to be no question that 
timely update of features that interest them is a major strength 
of the VGI mapping process. 
 
The numbers of VGI participants who are involved in any 
particular project can be absolutely staggering, even if the 
distribution of effort means only relatively few do most; a few 
thousand or so perhaps? Raymond (2001) discusses what he 
calls Linus’ Law (Linus Torvald, of Linux). He says in the 
Cathedral and the Bazaar (pp14-18): “Given enough eyeballs, 
all bugs are shallow.” In open source developments, many 
programmers are involved in the development, scrutiny, and 
testing the code, so software becomes increasingly better 
without formal quality assurance procedures. In mapping, 
perhaps this can be translated into the number of enthusiastic 
contributors that work on a given theme in a given area (Haklay 
et al, 2010). 
 
Most bazaar dwellers (including most of us, dear friends) are 
either not aware or at most partially aware of the standards we 
are trying to implement, but the web software tries its best to 
prod us into good behaviour, so no problem really? Will they 
map the bits others can’t or don’t want to reach? Almost 
certainly. Will they do things we, the supposed professionals 
have not thought of? Oh yes, but not always for the best, 
perhaps. Those rural areas are a real problem if one is thinking 
of backing up a national mapping organisation with VGI help. 
Volunteers are colourful and bumptious and the results a bit 
prickly, but if their enthusiasm adds value – by no means 
necessarily only or at all in monetary terms – and is reasonably 
accurate, then why not?  
 
Volunteers have a good editing record as seen in all the 
community projects using OSM. Is VGI a major opportunity for 
national mapping agencies? Yes! 
 
6.2 Quality in VGI 

 
Figure 51: from Grira et al (2009), volunteer freedom of 

interaction compared with authoritarian constraint. 
 
The relationship between the actors in mapping is illustrated on 
a theoretical basis in Figure 51, taken from Grira et al (2009). 
The graph in Figure 51 can be used to position the trends, tools, 
products, and processes in geospatial activity. Grira invoked 

two axes: one from authoritarian to volunteered, which might be 
called a power axis, where many (people, volunteers) 
individually have little power, but a few (organisations, national 
mapping) have considerable authority but also considerable 
constraint on their actions. The other axis is one of capability: 
where full capability is exhibited by volunteers in the form of 
mashups developed for a disaster mapping site perhaps, using 
open source software, considerable ingenuity and a large user 
base; and the other end of the same axis would, amongst other 
consist of internet surfers viewing contributed maps. The 
national mapping agency lies to the right in the diagram, 
including both the highly trained surveyor in the field 
influencing changes in a map, and in the constrained and limited 
corner print shop, where the map is printed correctly, or perhaps 
not. 
 
Grira considered there were three gaps threatening the success 
of volunteered efforts in relation to institutions:  
− A normative gap – the difference between quality expected 

by end users and quality standards developed by 
organisations, for instance ISO 19115 on metadata 
compliance. Very, very few volunteers will have looked at, 
let alone read and understood the specification. 

− A technological gap – GIS or map servers provide 
geographic information; it may well be an uphill struggle 
for users (or volunteers) to upload feedback and comments 
about data quality. In the age of VGI, institutions that 
supply mapping will need to reconsider their role in 
relation to users. 

− A cognitive gap – volunteers need to be able to use less 
static types of metadata, and introduce their own 
terminology. At the same time producers must realise that 
user perception of the meaning of quality is often confused 
with that of accuracy (see section on trust later in this 
paper).  
 

 
Figure 52: From Cooper (2011). African based 2D VGI 

taxonomy, and the advent of the crowdsourced SDI. 
 

Cooper et al (2011) took a far more practical approach to the 
problem of a 2D taxonomy of VGI, with one axis called 
Determination  of  Specifications instead of Power, and the 
other axis Type of Data instead of Capability, and the entries are 
real web sites rather than theoretical activities, but the principles 
of construction are the same. 

 
At the top right in Figure 52 is an as yet probably non-existent, 
possibly national, perhaps international, crowdsourced SDI 
where users contribute data according to tight specifications 
from the SDI custodian, who would then subject the VGI to full 
quality assurance processes. This concept has become a distinct 
possibility as open source software platforms become both more 
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integrated and users more sophisticated. In the same quadrant 
OSM can be found: a crowdsourced product but with less 
draconian specifications. In the lower right quadrant are 
regional or national point location databases for Points of 
Interest, such as Precint Web, a South African crime mapping 
site. The lower left quadrant contains sites which require 
minimal custodial activity and contain location data – such as 
the Google Panoramio site that holds photos for Google Earth, 
without much location editing or content checking, and hence 
fairly prone to error. The top left quadrant is effectively empty 
as fundamental data sets (Base data) are very unlikely to be held 
by and for an individual user. 
 
National mapping agencies provide data of generally higher 
quality than VGI output, as they have better trained staff, better 
kit, they understand and are concerned about standards, and 
survey is their job of work. But, national responsibility for 
national coverage at a particular range of scales might result in 
significant delays before they can update data in certain areas. 
Most surveys keep a record of known changes that have 
occurred on map sheets and hope to update the maps when these 
changes have reached a specified threshold level. This requires 
the agency both to notice change has taken place, presumably 
by aerial photo survey or ground detection, and is quite costly. 
If at the very least the public could be persuaded to form part of 
the notification process, then VGI might be the best available 
method to document changes when they happen and 
simultaneously result in revision requests being submitted to the 
relevant agency. A stage more helpful, but risky perhaps to the 
fundamental SDI, would be VGI data gathering and mapping 
initiatives, heading towards the fully crowdsourced SDI region 
in Figure 52. Poor quality data might result from VGI, but it 
might also be produced by commercial contractors. In all cases 
– VGI, internal or contracted – systems are needed to check the 
data quality, presumably to ISO 19157 and other standards. The 
provision of metadata (to ISO 19115 standard?), peer pressure 
and review should keep VGI contributors on the straight and 
narrow. If it does not, then software tools are being developed 
to assess the quality aspects of imported data and to ensure their 
consistency with the national depository.  
 
These tools are not yet fully functional (see previous sections in 
this paper) but are showing promise in the research laboratory. 
ISO 19158 on Quality Assurance of Data Supply (Jakobsson, 
2011), now issued as a published standard (2012), is a major 
attempt to ensure validation of data input to measurable quality 
standards. The standard allows three different levels of 
accreditation to be certified, and these would pass with the data 
to all user generated output. It will be particularly useful for 
assessing data transfer potential between countries for the 
INSPIRE programme within Europe. Whether the ISO 19158 
specification is framed sufficiently widely to be able to be used 
to certify VGI data – even data as robust as OSM data seems to 
be – is an interesting question. Yet this goal must be achieved if 
VGI data is to enter the marble halls of NSDIs.  
 
Perhaps NSDIs should recognise levels of trustworthiness for 
data, rather than set absolute standards? The question of how to 
assign trustworthiness indicators to datasets that do not meet all 
standards requirements and whether this might be a solution 
where data is needed but better is not yet available, is 
considered later in this paper. 
 
6.3 Trust in VGI 
 
User trust is different in form from agency trust as the user has 
different expectations and is concerned about different aspects 

of VGI than the agency. The former wants thematic accuracy 
most of all with some, possibly mostly, topological regard for 
locational consistency, whereas the agency tends to reverse this 
order, or even insist on both. Goodchild (2009) considered 
“uncertainty regarding the quality of user-generated content is 
often cited as a major obstruction to its wider use”, and 
considered that crowdsourcing ventures should always publish 
assessments of quality. With the advent of the appropriate 
trustworthy ISO standards perhaps this has now become 
possible? 
 
Stark (2010) tried an address matching method to asses 
accuracy, quality and trust. The Swiss canton of Solothurn had 
over 90,000 geocoded addresses acting as the reference set 
based on national cadastral survey data. If people using an 
address matching service are going to trust it then the address 
location displayed must point reasonably closely to the mailbox 
location on map or photo. Goodchild (2007) thought failure in 
achieving good locational matches to be a major vulnerability to 
acceptance of a VGI approach to generating location data.  
 

  

 
 
Figure 53: Part of canton of Solothurn, from Stark (2012). The 
cadastral map at the top shows correct house locations. At the 
bottom are the attempts by Google Maps, Bing and Yahoo! 

Maps to locate addresses on an air photo background, with the 
reference locations displayed. 

 
Stark used Google Maps, Bing and Yahoo! Maps to locate the 
addresses, and then compared these locations with the cadastral 
survey derived information (see Figure 53). Over 95% of the 
addresses were found for all three open WMS geocoders but the 
locations given were quite suspect in some cases. Figure 53 
demonstrates a particularly poor area, where Bing and Yahoo! 
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market shares of approaching 50% each, with minnows eating 
the rest. Astoundingly ESRI in 2010 had 350,000 customers in 
150 countries worldwide (Hahn, 2010). Brazil wanted to keep 
all options open in a rapidly changing technological arena, and 
opted to try to follow an open source route. Camara et al (2006) 
considered that Open Source GIS software such as PostGIS, 
MapServer and TerraLib could provide a base to develop SDI 
independent of proprietary technology. Finney (2007), writing 
about Australia came to the same view that where a NSDI did 
not exist, or had possibly collapsed from its own weight, a 
bottom up community based governance framework was likely 
to work best. Both Camara and Finney concluded that an open 
source SDI model, using VGI data collection could rapidly 
build and expand the SDI installed base, and cut infrastructure 
costs greatly. Both GIS and SDI are disruptive technologies and 
require a new culture if they are to be used successfully. Camara 
says Brazil could succeed precisely because it did not have a 
government sponsored national mapping agency that would 
have impeded progress. He wrote that the technical grass roots 
approach of collaborative enterprise had worked well. 
 
7.2 UK - Ordnance Survey 
 
As one of the oldest survey organisations in the world the OS 
could be expected to be very traditional indeed, and slow to 
change to any modern culture or technology. Oddly, this has not 
been the case where it has had the freedom to develop its own 
pathway. For instance the OS was in the vanguard of the digital 

mapping revolution. But, of course, this was a double edged 
sword as it generated platefuls of spaghetti that only a few years 
later had to be restructured into meaningful topological 
connected relationships. This they did; all credit to them, really 
quite successfully. Then it became clear that digital data 
products could and would be produced for use outside the OS 
buildings, by suitably licenced users, and the rot started as the 
government, particularly, thought it could make the OS 
profitable, or at least not so costly, and insisted on charging for 
all products on a fully commercial basis, more or less, with a 
few sneaky exceptions here and there for academic research. 
This was very short sighted in terms of the UK economy as a 
whole as it stultified growth in mapping related activities, which 
needed the stimulus of cheap (preferably free) map data. Taxes 
for 200 years had, after all, paid for the data! Making a 
comparison with what was happening in the USA might be 
considered invidious, but it has to be made: data was being 
supplied in the USA at the cost of supply, not at the cost of 
survey, buildings, salaries, and all those other things 
accountants like to add. This gave the digital mapping industry 
in the USA a tremendous boost, and helped their economy 
worldwide. The UK government finally understood the problem 
with data supply costs being charged by the OS for non-
specialist services on 31st March 2010 when it announced it 
was releasing, from 1st April (good choice that), a range of 
Ordnance Survey data and products, free of charge, which 
would be known collectively as OS OpenData. 

 
Project Lines of Code Cost Person Yrs License 
PROJ.4 [Cart Proj Lib] 31,839 £262,788 8 MIT 
GDAL [Geom Trans Toolkit] 690,591 £6,648,018 190 MIT 
Feature  [Geospatial Man & An] 1,090,459 £10,589,500 303 LGPL3 
MapGuide [Authoring Studio] 371,775 £3,384,821 97 LGPL3 
Apache [Webserver] 685,354 £6,426,319 184 Apache2 
MapGuide [GIS] 377,020 £3,491,533 100 LGPL3 
Total Costs for MapGuide suite 3,247,038 £30,802,979 882 

 
Figure 61: Bray (2010), open source software development costs; free when using OS OpenData 

 
At last the UK had caught up with best practice in many other 
countries. Bray (2010), speaking at an AGI meeting just after 
the announcement, showed the slide in Figure 61, outlining the 
way that any group, industrial, community, political, could now 
not only gain access to excellent open source software but also 
now had the data to go with it, from the OS, mostly free and 
downloadable online. The OS was also, very sensibly, taking a 
leaf out of the open source movement and using the new 
OpenData licence that was quite remarkably similar to the 
ubiquitous Creative Commons licences on the web. The OS 
supports a number of research projects concerned with 
community mapping and assessment of VGI possibilities -  and 
may well be about to become one of Hennig’s 3rd generation 
SDIs. 
 
7.3 USA – USGS 
 
The USGS in the USA managed to avoid the copyright, 
licensing and cost issues that have bedevilled some other 
countries, and are now moving rapidly towards incorporating 
OSM data into their National Map project (Wolf et al, 2011; see 
also the USGS VGI Workshop , 2010,  at USGS VGI Workshop 
(2010, http://cegis.usgs.gov/vgi/index.html). They are, however, 
looking the gift horse in the mouth quite carefully and 
considering all the questions and issues that have been raised in 
this review paper by the venerable mapping academy. Their 

considerations can be divided into questions about data quality 
and ones about volunteer quality. 
  
Data accuracy and quality are certainly fundamental to their 
thinking, but linked to these are questions of whether the 
appropriate facilities are available for web based collection, and 
are those systems well suited for use by the USGS? Initial 
responses are favourable in terms of the systems as they have 
the OSM model to investigate and the results “look promising”. 
Systems for enabling VGI collection of data and submission to 
the USGS still need a cost-benefit analysis to determine whether 
it would be economic. 
 
In the case of the volunteers themselves the USGS is trying to 
determine the type of tasks best suited to VGI collection and 
how verification of submitted data sets can best be made. Also 
they have some worries about malicious data entry. Will VGI 
groups simply fade away after initial enthusiasm? The 
prevailing thought is not, judging by the Wikipedia and OSM 
models; the small-percentage-but-large-number hard core will 
remain. As with Europe’s trials of AGILE internships the USGS 
is trying to discover what motivates VGI contributors and how 
to provide incentives, and of course, how to fit the square VGI 
peg into the round smooth PGI hole. 
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Recently the USG has started volunteer map data collection as a 
pilot for selected buildings and structure features in Colorado 
(USGS, 2011). You can sign up on The National Map web site 
at http://nationalmap.gov/TheNationalMapCorps/index.html. 
They suggest current National Map Corps volunteers, the 
OpenStreetMap community, GIS Clubs, university students in 
cartography and geography, K-12 students, volunteer fire 
departments, and 4-H clubs would be appropriate groups, but all 
comers are welcome. The web site says: 

 “We are looking for people like you to work with us to 
collect Structures for the USGS. The data you collect 
during this project will be loaded into The National Map . 
If you have access to the Internet and are willing to 
dedicate some time to editing map data, we hope you will 
consider participating!” 

This appears to be a case of “Your country needs YOU!” 
 
 
 

8 CONCLUSIONS 
 
The success of OpenStreetMap as a concept has been 
astounding. In countries where well established national survey 
organisations already existed and basic scale maps were 
available to all, there has been a grass roots movement to 
resurvey, map and update the results in a such an enthusiastic 
manner as could never have been predicted a decade ago. Why 
should this be? There are many reasons. Partly it has occurred 
because national mapping outputs were relatively expensive and 
not available to the public in flexible digital form, partly 
because in some cases it was rather out of date, and in others 
because the national agencies were, for a variety of reasons, not 
able to respond adequately to the update and thematic mapping 
requirements of the population.  
 
At the same time as these agency problems were at their height, 
the core technology of GPS appeared on the market in a 
handheld relatively cheap and accurate form, allowing 
navigation by car, on foot, with breadcrumb trails and 
waypoints to download. Then, on the heels of this revolution, 
President Clinton in 2000 turned off selective availability so 
that GPS receiver accuracy improved tenfold, allowing the 
untrained volunteer to use the receivers for somewhat accurate 
survey, no worse than ±10m and effectively less than ±4m in 
most situations; reasonably adequate for map making from 
national to perhaps 1:10,000. This led to general public interest 
groups doing their own survey work, but needing a map base on 
which to plot the results. Yahoo! In 2002 started a mapping 
service. OSM, founded in 2004, enabled the intrepid to make 
their GPS field surveys into maps, and in 2005 Google Maps 
was started. These commercial web services, and OSM, have 
since formed the basis of innumerable mashups and thematic 
community projects. 
 
Then mobile phones were introduced with inbuilt positioning 
that completely democratised the GPS technology, and apps to 
go with them to provide the software base to replace mapping 
skills the untrained community operators did not possess. The 
stage was then set for the growth of crowdsourced community 
VGI participation in a diverse range of projects, some of which 
were map related, and OSM flourished. According to Casey 
(2010) technological change has made the (younger) public into 
the Download Generation, and their values have changed from 
their forebears. He envisions a typical member as being: 
community minded, online, sharing, willing to do research, 
wanting quick results, loving technology but not institutions, 

willing to contribute, believing in copyleft rather than copyright 
and in bottom up strategies.  
 
So, there has been a change in people’s attitudes, led and 
augmented by technology change, and this has may lead to a 
change in mapping agency provision. The development of third 
generation SDI will be increasingly driven by users according to 
Hennig (2011), McDougall (2010) and many others. Future 
NSDIs may find themselves outwith the government sphere or 
at least with feet in many disparate camps. This will introduce 
higher levels of complexity than presently found in current SDI 
models. 
 
National mapping agencies are presently trying to determine 
how best to engage with the VGI mapping movement, but are 
sensibly cautious in their approach. Many have opened at least 
part of their map databases to free public download and are 
considering what other moves to make. There are at least four 
problematic areas: VGI contributors and their data, SDIs and 
their structures, Combined VGI/SDI collaborative output and its 
reliability and its freedom to be accessed, and the minefield of 
developments over time and 3D space. 
 
8.1 VGI contributors and their data 

 
There is a vast data collecting resource out there in the wild. 
The difficulty from the mapping agency viewpoint is what 
motivates the contributors and how far their data can be trusted, 
both in terms of accuracy and probity. It would appear from the 
literature that volunteers have proved almost uniformly 
altruistic, dedicated and competent. Those organisations who 
have tried using contributors have chosen to put in place 
sensibly formatted training pages on their web sites, and in 
general have had good results with the data collected. The 
overview functions and myriad sets of editing eyes tend to 
remove any problems as fast as they appear. Reports from 
disaster relief sites quote good VGI work and – possibly the 
acid test – they indicate they intend to use VGI again.  
 
Wikipedia is the hoary, but none the less excellent, example of a 
successful largely self-editing VGI data set. OSM is a similar 
younger but increasingly massive sibling. All these VGI 
enterprises have developed some form of administration as they 
have become larger, but they still maintain flexibility and can 
adapt to changing wishes of their VGI population, both in 
dealing with new data and in their structures. This is what 
mapping agencies would like to achieve, without relinquishing 
overt control of all aspects of the mapping process. VGI 
contributors jump straight in and get their feet wet, hoping not 
to drown; PGI contributors look for piranhas first; mapping 
agencies tend to dam the river and drain the lakes. All these 
methods work, but some cost more and take longer to react to 
necessity than others. But there is no question that VGI reacts 
quickly, and usually remarkably effectively. 
 
VGI contributors have a special place of honour in timely 
update situations, where volunteers, placed locally, can gather 
reliable information – for instance disaster data and mapping – 
far faster than by any other method. VGI needs additional 
information to function properly, possibly imagery, and may 
need training, but the pool of volunteers is worldwide, huge, 
self-selecting, and usually well educated. Contributors to longer 
term projects such as yearly animal surveys or map surveys tend 
to form a hard core of volunteers that is both trained and 
competent, at low cost to the hosting organisation. When the 
number of volunteers is high and the time scale is not 
immediate repetitive checks can be made to ensure data quality. 
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The volunteers have been creating their thematic maps using 
available web servers to provide topographical map layers, 
partly as they have not had access to online base maps, and 
partly because they do not have the skill, opportunity, or 
financial support to set up their own open source map servers. 
In any case, to set up hardware and software for an ephemeral 
activity such as a particular short term community project might 
well be considered severe and unnecessary duplication; better 
by far to use space and time on someone else’s platform unless 
the community needs and decides to repeat its activity 
frequently. 
 
8.2 The Future of NSDIs 
 
The national mapping NSDI is a wonderful resource that must 
not be compromised by forcing it to integrate VGI projects fully 
and seamlessly into its structures. NSDIs in Europe are 
reaching, as with the EU member countries, “an ever closer 
union” under the guidance of the INSPIRE directive. This is 
both integration and interoperability, and is slowly being 
achieved, subject to full investigations of the standards needed 
and the implications of the data sharing that results. 
Incorporation of the VGI community or international projects 
into NSDIs surely operates under the same principles? The 
practice will be more difficult and definitely more complex in 
that the NSDIs will have to manage all the incompatibilities 
between their rigorous ISO/OGC standards and the unknowns 
represented by OSM-like or other VGI community project, and 
yet maintain flexibility to change as circumstances and 
technology demand. 
 
It has to be understood by everyone that VGI data probably will 
have grown organically, will not have adequate metadata 
entries, will not meet many of the required international 
standards; but it is there and presumably valuable to a large 
section of the tax paying population, and can only benefit from 
being accessible and even possibly hosted by an NSDI.  It will 
need massaging into interoperability with the NSDI contents, 
and it will need checking so that accuracy and quality 
statements can be attached to it by the NSDI. This will require 
the NSDI to comprehend as automatically as possible the 
contents of the VGI data sets, which will mean some form of 
semantic ontological matching of terms. Certainly a programme 
of volunteer education in relation to metadata completion would 
be invaluable to make this process go as smoothly as possible. 
This greater flexibility in dealing with incoming dirty data 
might also mean revisiting some of the standards presently in 
use to see how they might be modified to help carry out this 
integration. 
 
A reasonable question is whether NSDIs should integrate the 
“wild” data sets or whether they should operate in the same 
manner as INSPIRE suggests by providing interoperability and 
discovery rather than repository status. The latter might be full 
of problems? On the other hand it could be argued that hosting 
these community projects would be a very useful national 
digital age activity, and that they might flourish better inside the 
tent where they could be advised by experts, rather than outside 
without support. 

 
8.3 Merged NSDI and VGI Products 
 
Assuming national agencies do combine forces to an extent with 
VGI contributors then the question arises as to whether they 

would produce combined digital data for distribution, or 
possibly combined map products. The occasion when this is 
most likely to be useful is for instance when, in a previously 
mapped region already surveyed by the national organisation, 
OSM community surveyors are able to remap an area due for 
update owing to accumulating changes, but which for financial 
or technical reasons has not yet been (re)surveyed by the 
professionals. A digital data set or printed map showing the 
combined and merged NSDI and OSM surveys would be 
invaluable. Alternatively, in nation states where no cohesive 
national survey exists, such as in the Brazil example discussed 
earlier, VGI and the national institutions should work hand in 
hand to achieve good first mapping, available to all, at low cost. 
 
A problem to overcome is the delineation on the map of quality 
and accuracy, as the VGI set would be very unlikely to meet all 
the standards that the NSDI could pass. However, this is not an 
argument for not making the update, merely one for labelling 
both data sets according to their properties. Printed national map 
sheets presently indicate revision dates and carry accuracy 
statements, either explicitly printed on the sheet or implicitly in 
occasionally accompanying documentation. The same could be 
done for the combined information present in a digital data set, 
together with a revision diagram. How quality is determined is 
largely a statistical and methodological problem; many 
approaches have been listed earlier. How the result of the 
quality determination might be displayed leads back to 
consideration of the Colour Coded Traffic Light method 
considered earlier and any others thought useful; they must be 
simple, easily applied and understood. Any quality indicator 
must be immediately visible to the map reader, easily 
comprehended by the population at large, and be eye-catching 
but not intrusive. The CCTL scheme would probably meet these 
criteria quite well, but has the disadvantage of being a single 
statement and thus very coarse. But a similar approach could be 
taken to the presently existing standard map update and  
revision diagrams by colour coding different areas of them 
according to accuracy and quality statements? 
 
A final determinant in the decision as to whether to merge 
products might be related to the question of licencing, cost, and 
copyright. Some NSDIs still charge for their mapping on the 
basis of economic cost plus a percentage, rather than assume the 
cost is solely the cost of production to the user; zero in the case 
of internet web site download. VGI contributors and the public 
certainly expect not to pay for VGI mapping data! Similarly, 
copyright becomes an issue. A copyleft licence would have to 
be introduced, as has been done already by a number of NSDIs 
with their own products. All these problems are, given the will, 
surmountable. 
 
8.4 Technology and the Next Dimension 
 
GPS, crowdsourcing, internet, social networks, and mobile 
services are all new technology factors in the last 20 years. They 
are what Jackson (2012) called “perturbations” and “disruptive” 
and cause a paradigm shift in both technical and personal 
action. Before this shift there was no VGI mapping; now it is 
everywhere. When there has been an earthquake or lightning 
has struck there is a tendency to think there will not be another; 
but this is not true. Similarly, fast technical change is 
unexpected and difficult to predict other than by trying to 
forecast from the present, in a manner that weather forecasters 
call “nowcasting”: 
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8.4.1 Location Based Services: are expanding rapidly as 
the mobile phone computer platform becomes more powerful, 
has more apps, and is now completely accepted by the public. 
This should enable not only GPS tracks to be collected by VGI, 
but much required metadata as well, thereby removing one of 
the obstacles from the path of integration with an NSDI. Very 
timely updating will then be a certainty by crowdsourcing. As 
all mobile devices also know the time it should prove simple to 
maintain version records. 
 
8.4.2 Indoor Mapping: has been a little explored frontier. 
Architects have drawings, and surveyors have maps, but rarely 
have the former ventured out of doors, or the latter indoors. This 
has probably been a technological issue as much as anything 
else. Now that Google has started moving from streets to 
interiors there will be a strong desire amongst the VGI 
population towards linking the two, for novelty and challenge. 
A major problem is technological as there are presently only a 
few devices, equivalent to GPS, which can be used to geolocate 
the interiors of buildings in 3D; the 3-axis accelerometer G-
Phone or iPod/Phone (Xuan, 2012) are two of them, but many 
more will, rapidly no doubt, be appearing. There are VGI 
enthusiasts already using these devices to conduct indoor 
surveys and to model 3D buildings to a LoD4 photorealistic 
level, which they can then load into the OSM landscape. 
 

8.4.3 Disruptive Perturbation: Expect the next scientific 
and technological earthquake to be unpredictable, soon, and 
then react quickly to it! 
 
This paper has deliberately been a review, not a research article 
with new findings. It has attempted to provide an overview of 
VGI, what VGI’s proponents do now, where it might be going, 
and lastly how researchers think it might be integrated 
successfully and supportively into the NSDI base of a national 
mapping strategy. Possibly, when the amateurs storm the temple 
the result will be less a marriage of convenience than a marriage 
of necessity! 
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