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ABSTRACT 

Validating VGI Data Quality in Local Crowdsourced Accessibility Mapping 
Applications: a George Mason University Case Study 

Rebecca M. Rice, MS 

George Mason University, 2015 

Thesis Director: Dr. Matthew T. Rice 

 

As Volunteered Geographic Information (VGI) and other crowdsourcing techniques gain 

credibility as acceptable methods of data capture in situations where data is needed 

quickly, it is important to address the nature of uncertainty associated with these sources 

of data. This uncertainty includes the quality of data obtained from VGI contributors and 

the techniques used to ensure data quality. This thesis presents a method for assessing 

data quality in VGI applications based on the George Mason University 

Geocrowdsourcing Testbed, a web-based obstacle reporting application used to aid 

pedestrian navigation for the mobility and/or visually impaired. Quality assurance of 

geocrowdsourced data, especially the validation of position, is critical when the use is for 

routing handicapped pedestrians and wheelchair users. Implementation of the quality 

assessment methods includes the use of moderators to identify and fix errors in user-

generated data. This thesis addresses whether these techniques are consistent with 
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findings presented in previous VGI quality research, and presents different methods for 

validating the position of contributed data, including the use of geotagged images and 

text-based georeferencing. Additionally, this thesis provides insight into current quality 

assessment techniques used for local VGI services, and proposes how quality assurance 

techniques for geocrowdsourced data can be improved. 
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INTRODUCTION 

History shows that society as a whole thrives in an environment where data is 

created, shared, and publicly available for use. This phenomenon is clearly visible in 

recent crowdsourcing trends, where the public contributes to geospatial databases and 

thus shapes open geospatial information dissemination. Volunteered Geographic 

Information (VGI), coined by Goodchild in 2007, involves the application of non-experts 

to contribute spatial data for collaborative use. The applications are limitless, with the 

most renowned examples being for use in natural hazard and crisis management, e.g. the 

Ushahidi Project in the case of the 2010 Haiti earthquake, or more recently, efforts in 

crowdsourcing damage assessment for the 2015 earthquake in Nepal (Zook 2010, 

Sanderson and Ramalingam 2015). Volunteered Geographic Information is often most 

useful when information is needed promptly and in a manner that is not achievable with 

the limitations presented by traditional Geographic Information Systems (GIS) data 

collection processes. Similar to disaster mapping, accessibility mapping can also benefit 

from VGI in that it can provide a user with time-sensitive information. Therefore, VGI 

can be implemented in accessibility applications and can be used as auxiliary information 

to improve static maps. The use of VGI in this context compensates for static maps 

failing to capture temporary obstacles and hazards, which may only be present for a few 

hours or a few days, and may severely impact pedestrian navigation (Figure 1). With 
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VGI, transitory obstacles in the built environment can be reported, added to a map, and 

available to the user in real-time.  

 

 
Figure 1. A temporary obstacle consisting of a sidewalk closing due to construction, 
requiring pedestrians and wheelchair users to re-route themselves into the street. 

 

Although crowdsourcing geospatial data is beneficial in contexts where data is 

needed quickly, two major weaknesses are quality and reliability. Researchers have 

implemented various processes for assessing VGI data quality, with certain methods 

working best for different types of applications, depending on the amount of data being 

generated. Web portals and services such as Wikipedia and OpenStreetMap (OSM) rely 
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on a crowdsourced approach for quality assessment, in which multiple users will notice 

and correct errors, resulting in a continually improving dataset (Haklay et al. 2010). This 

approach works well for large datasets with a large contributor base, though the use of 

moderators to act as expert knowledge and ground-truth for incoming data can be more 

useful for smaller datasets. Goodchild and Li (2012) refer to the use of team leaders or 

moderators to validate data as the social approach to ensuring crowdsourced data quality. 

In addition to being used to augment already crowd-validated data for OSM, this social 

approach to quality assessment has been utilized in disaster mapping, as explained by 

Zook et al. (2010) following the 2010 Haiti earthquake. Goodchild and Li (2012) provide 

a useful review of different methods for assessing crowdsourced data quality, including 

the crowdsourced approach and the social approach mentioned above, as well as a 

geographic approach, in which fundamental geographic rules and relationships are used 

to identify problematic or erroneous data. 

The social approach, or the use of moderators to validate data, is also useful for 

local accessibility projects, such as George Mason University’s Geocrowdsourcing 

Testbed (GMU-GcT). The GMU-GcT (Figure 2) aims to improve accessibility on the 

George Mason University campus by incorporating user-contributed reports of temporary 

hazards with obstacles in the built environment. With a consistently growing student 

body, which now exceeds 33,000, George Mason University (GMU) is constantly dealing 

with construction projects and renovations to manage the increasing number of students. 

George Mason University also attracts a large number of students with accessibility 

issues, namely 300 students with mobility-impairments and fifty with visual impairments, 
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as estimated by GMU’s Assistive Technology Initiative Office (ATI). This creates the 

need for a more interactive and complete accessibility system that provides up-to-date 

information about relevant obstacles. To achieve this, the GMU-GcT relies on the George 

Mason community to report hazards to an interactive web map. The hazards being 

reported typically include construction detours and sidewalk obstructions, which affect 

accessibility and potentially necessitate pedestrians and wheelchair users to re-route 

themselves (Figure 1). The eventual goal of the system is to utilize the reported hazards 

in a mobile routing application in congruence with a student-built pedestrian network. 

This mobile routing application would be available to the entire George Mason 

community, and geared towards students and faculty with mobility or visual impairments. 

This routing application would route the user around obstacles, similar to the mobile app 

Waze (http://www.waze.com).  

Unlike Waze, which consists of over fifty million users to report and validate 

reported traffic obstacles, the contributors to the GMU-GcT typically submit less than ten 

reports per week. The number of reports contributed to the GMU-GcT depends on the 

amount of activity on campus and level of volunteer awareness, meaning a given week 

could consist of fifteen obstacle reports or none at all. As soon as an obstacle is reported, 

it appears on the GMU-GcT website (Figure 2, accessible at http://geo.gmu.edu/vgi). It is 

necessary for the reports to be validated by moderators, or persons who have more 

expertise in the study area, the functionality of the GMU-GcT, and in positioning 

obstacle reports. Often, volunteers will report an obstacle at an incorrect location, which 

would not be useful for routing purposes, hence the need for moderators. Figure 3 
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illustrates this concept, where an unconfirmed obstacle, reported by one of the GMU-

GcT’s contributors, does not intersect with the pedestrian network and potential route, 

resulting in ineffective obstacle positioning for pedestrian routing. Once the obstacle 

report is field-checked, the moderator will correct the obstacle’s position, and confirm the 

obstacle report as valid. The now-confirmed obstacle report may not fully intersect with 

the pedestrian network, but does when a five-meter buffer is applied to each obstacle to 

allow for mobile interaction. The moderated reports can then be used for routing 

purposes. While the small number of incoming reports is very manageable for a group of 

trained moderators to field-check and validate report attributes, it is has only been 

assumed that if this process is sufficient in producing results that are accurate enough to 

be used for routing.  

 

 
Figure 2. The George Mason University Geocrowdsourcing Testbed (GMU-GcT).  
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Figure 3. Demonstration of how moderation is crucial in ensuring that hazards and 
obstacles interact with the pedestrian network to be used in routing for obstacle 
avoidance. 

 

This thesis will review what Goodchild and Li (2012) refer to as the social 

approach to quality assessment of geocrowdsourced data, which is the most appropriate 

method for assessing and validating data quality for the GMU-GcT. This is because the 

GMU-GcT only has a small number of regular users, which is not sufficient for the 

crowdsourced quality assessment approach to work. There is also no authoritative data 

source to validate contributed information, meaning that the GMU-GcT must rely on 

project moderators to ground-truth and validate information through field-checking. 

Rather than confiding in one individual to validate all reports, the GMU-GcT relies on a 

pedestrian route

pedestrian network

interaction buffer

unconfirmed obstacle report
confirmed obstacle
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team of moderators, which raises the concern of whether or not the moderators are 

consistent with one another, as well as if they are consistent with the ground truth. Due to 

this concern, a method for evaluating the consistency and adequacy of multiple 

moderators in quality assessing GMU-GcT data is presented and evaluated in this thesis. 

Adequacy is measured by consistency with previous findings in other VGI studies, such 

as Haklay (2010), Girres and Touya (2010), and Camponovo and Freundschuh (2014), 

which will be discussed in the conceptual framework. 

Additionally, the GMU-GcT supplies the potential for a series of techniques for 

validating the position of the obstacles being reported by contributors. The techniques for 

validating position information are outlined by Figure 4, and include (1) the user-

contributed location, either through a smartphone GPS or by hand-selected 

georeferencing through the website on the Google Maps API; (2) the positioning of 

reports as chosen by the moderators when they validate and confirm obstacle reports; (3) 

image geotags when submitted reports come attached with images of the reported 

obstacle, and (4) through geoparsing text descriptions of location, using a gazetteer 

consisting of street names, building names, and landmarks. In addition to assessing the 

consistency and precision of moderator positioning, this thesis will also present the 

potentials of methods three and four for validating position in geocrowdsourced data, 

exemplified for use in identifying obstacle locations in the GMU-GcT.  
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Figure 4. Methods of validating position in geocrowdsourced data.  

 

Crowdsourced geospatial data has struggled to become a viable data source due to 

a lack of research on the quality and reliability of the data, especially for local services. 

The GMU Geocrowdsourcing Testbed has explored the different methods for quality 

assurance, and found the use of moderators to validate data to be the most pragmatic. The 

purpose of this thesis is to evaluate the social approach as an effective method for 

validating the data obtained through geocrowdsourcing in the GMU-GcT, while 

providing evidence of how consistent and useful a team of moderators is in validating 

position and report attributes. Furthermore, this thesis will explore two additional 

methods in validating position in crowdsourced geographic data by using user-
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contributed images and text descriptions. An evaluation of these novel approaches to 

validating position will provide insight into how image geotags and text-based 

georeferencing can augment traditional positional accuracy measures, and if they are 

solely adequate in validating position for geocrowdsourced data. 
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CONCEPTUAL FRAMEWORK 

With an increase in interest and use in VGI, one of the more prevalent dilemmas 

is ensuring the geospatial data obtained through crowdsourcing measures is valid. 

Currently, there is no confirmed method that yields completely accurate data quality in 

VGI due to the nature of uncertainty in VGI, though there are proposed methods that 

have been used by other researchers. This literature review will go over some of these 

techniques, but first provide a brief background on VGI and some of its applications, then 

shift towards accessibility mapping and assistive geotechnology applications and how 

geocrowdsourcing can be used to enhance assistive geotechnology, since that is what the 

GMU Geocrowdsourcing Testbed aims to do. Finally, methods of assuring quality of 

VGI data will be reviewed, along with how position is validated in geocrowdsourcing 

applications.  

An	  Overview	  of	  Volunteered	  Geographic	  Information	  
 Preceding the era of web technology, effectively all geographic information was 

collected from official sources and solely produced in the form of physical maps and 

atlases. In many cases, map production was costly and time-consuming. The innovation 

of geographic information systems aided the map production process somewhat, though 

in most cases, data acquisition was still either time-consuming or expensive. Geographic 

data acquisition eventually became easier and more accessible; new technologies 
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emerged beginning in the early 1990s, such as affordable global positioning systems 

(GPS), geocoding services, mapping services such as Google Maps, Al Gore’s 

conception of a “Digital Earth,” and the use of gazetteer services to convert place names 

to coordinates (Goodchild and Glennon 2010). This advancement in geographic 

technology eventually gave anyone the ability to create maps, particularly those who 

lacked the expertise to do so (Goodchild and Glennon 2010). This emerging 

neogeography, in which non-experts can effectively use the tools that were once reserved 

for experts to create geographic information due to the use of technology, has influenced 

geography in the way in which data is collected and its potential for use through 

volunteered geographic information (Turner 2006, Goodchild and Glennon 2010, 

Goodchild 2009). 

Volunteered geographic information (VGI), first coined by Goodchild (2007), is 

defined as the utilization of tools to create, assemble, and propagate geographic data 

provided voluntarily by individuals. VGI is associated mainly with tools such as 

OpenStreetMap, Google Earth, Wikimapia, and Waze, which utilize georefereferencing, 

GPS, and geotagging, in which a user voluntarily contributes a location and some 

information about that location on a map (Goodchild 2007). This emerging trend, which 

Sui (2008) refers to as the “wikification of GIS,” is essentially the crowdsourcing of 

geospatial data and has been referred to as “geocrowdsourcing” in some applications.  

Rice et al. (2012) provide a helpful review of this emerging trend. The concept of VGI 

has caused some controversy, since the term “volunteered” insinuates the notion that 

individuals are physically contributing, which is not the case in applications such as “The 
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one million tweet map,” in which public tweets containing keywords are collected based 

on geographic location, or Google mining data on search terms based on geographic 

location (Elwood et al. 2012). Because the term’s inclusivity, “geocrowdsourcing” has 

been used more frequently in recent research such as Karimi et al. (2014) and Rice et al. 

(2012, 2013, 2014). While the GMU-GcT is considered a VGI application, relying on 

users to voluntarily report hazards, the term “geocrowdsourcing” is more all 

encompassing. In this thesis, “VGI” and “geocrowdsourcing” will be used for the same 

purpose.  

Geocrowdsourcing has been regarded as tremendously beneficial in a variety of 

ways, particularly in that it provides free and immediate data, as highlighted extensively 

by Elwood (2008), Elwood et al. (2012, 2013), and Rice et al. (2012). Goodchild and 

Glennon (2010) and Elwood et al. (2012) address how VGI was used to locate wildfires 

in Santa Barbara, a situation in which data from an official source would be irrelevant by 

the time it was available, so crowdsourced data was used to provide immediate 

information regarding fires to residents. Similar approaches in disaster management and 

emergency response following natural hazards have emerged, such as the Ushahidi 

project and relief efforts following the 2010 Haiti earthquake (Zook et al. 2010). Rice et 

al. (2011, 2012, 2013, 2014) as well as Karimi et al. (2014) have used geocrowdsourcing 

in addition to official GIS data to create personalized navigation systems that capture 

obstacles in the built environment and improve upon static accessibility maps, geared 

toward the visually- and mobility-impaired. Because the GMU-GcT uses VGI for aiding 

pedestrian accessibility geared toward those with mobility or visual impairments, this 
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literature review will primarily focus on geocrowdsourcing for improving accessibility, 

as well as the quality of data associated with geocrowdsourcing for assistive purposes. 

Methods	  for	  Assessing	  VGI	  Data	  Quality	  
 In 2007, Goodchild described the emerging trend of Volunteered Geographic 

Information (VGI), which consists of the implementation of user-generated content to 

enhance the production of geographic information. Since then, there have been many 

research papers, projects, and applications demonstrating the usefulness of VGI and 

geocrowdsourcing. Examples include providing time-sensitive information for crisis 

mapping as outlined by Zook et al. (2010) and Roche et al. (2013), aiding in participatory 

planning explained by Knudsen and Kahila (2012), and in enhancing current accessibility 

systems (Karimi et al. 2014). However, there is always a concern for VGI data quality. 

Several studies have been conducted assessing data quality for OpenStreetMap including 

Haklay (2010), Girres and Touya (2010), Ramm et al. (2011), and Ruitton-Alineieu 

(2011), all finding the position of well-defined features in OSM to typically be within six 

meters of official data. These findings are summarized in Table 1, and exclude the many 

others that do not provide enough information regarding distance in positional accuracy 

of OSM datasets. Typically, these data checks have been conducted by comparing OSM 

data to official data sources, though Barron et al. (2014) provide an intrinsic method of 

checking OSM quality and accuracy by examining the dataset’s change history. Foody et 

al. (2013) present a latent class analysis method for assessing the accuracy of a VGI land 

cover map, discovering that volunteers ranged been 52% and 65% accurate in their 

categorical assessments. Unfortunately, little research has been done in cases where there 
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is no official data source to use for comparison in assessing quality of VGI. Camponovo 

and Freundschuh’s (2014) re-assessment of categorical accuracy with Ushahidi reports 

from the 2010 Haiti earthquake demonstrated that only 27% of the original reports were 

accurately categorized. This raises several questions in the realm of VGI reliability 

overall, though it is clear that VGI can be invaluable in scenarios such as hazard mapping 

in which reported information is time-sensitive data is needed quickly, regardless of 

whether it is has been thoroughly quality-assessed. 

 

Table 1. Summary of positional accuracy findings for various OpenStreetMap datasets. 

Reference Datasets Analyzed Positional Accuracy 
  

OpenStreet
Map  

Reference 
Dataset 

Points Lines 

  
 

Buffer 
used 

Girres and 
Touya 2010 France, 2009 Ordnance 

Survey 
6.65 m 

Hausdorff distance = 
13.57m 

  
Average distance = 
2.19m 

Haklay 2010 England, 
2008 

Ordnance 
Survey   5.83m  

3.75m and 
5.6m 

Arsanjani et 
al. 2013 

Germany, 
2012 

Federal Agency 
for Cartography 
and Geodesy 
(BKG)     

3m, 5m, 
10m, 15m 

Ciepluch et 
al. 2010 Ireland, 2010 Google Maps Used a point system to measure number of 

errors for road types 

Ramm et al. 
2011    Generalizes that data contributed by users 

using GPS is within 5m 

 

Goodchild and Li (2012) assert that there are three methods for assessing 

crowdsourced geodata quality, based on accuracy assessment processes used by 
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traditional mapping agencies: (1) a social approach, (2) a crowdsourced approach, and (3) 

a geographic approach. The social approach, articulated by Goodchild and Li (2012), 

includes the intervention and assessment by trained moderators, who fix errors and 

provide “ground truth” for crowdsourced geospatial data. This quality assessment method 

is used in many geocrowdsourcing applications, including the one described in this work 

and presented initially by Rice et al. (2013a, 2013b, 2014). The crowdsourced approach 

is based on Linus’ Law, or the idea that given a large enough user-base, almost every 

problem will be recognized quickly and will be fixed by someone. This is demonstrated 

in Haklay et al. (2010), where regular contributors and the public at large find and correct 

errors (Goodchild and Li 2012). This approach works well for large and active user-

generated content projects such as OpenStreetMap, but not for smaller projects that lack a 

large pool of contributors. Goodchild and Li’s (2012) geographic approach to assessing 

crowdsourced geodata quality consists of volunteered data being compared to known 

geographic phenomena, and inconsistencies occur when contributions conflict with 

known principles and rules. All three methods have advantages and disadvantages, 

depending on the type and purpose of geocrowdsourcing application for which they are 

being used. 

While literature on quality assurance of crowdsourced geospatial data exists, there 

are still many questions about the credibility of VGI and methods for assessing data 

quality. Flanagin and Metzger (2008) acknowledge that in most crowdsourcing 

applications, local expertise is crucial and is only comprehensively communicated by 

those who are immersed in the local environment, deeming “scientific expertise” 
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irrelevant. There is some agreement about which aspects of traditional data quality 

assessment that should be considered in assuring the quality of geocrowdsourced data, as 

noted in Girres and Touya (2010), and reviewed by Rice et al. (2012, 2013a, 2014). 

These attributes include positional accuracy, attribute accuracy, logical consistency, 

completeness, semantic accuracy, temporal accuracy, and lineage, which have been 

presented in detail by Guptill and Morrison (1995), Veregin (1999), Girres and Touya 

(2010), and Haklay (2010).  

These data quality studies have been used as a foundation for how the data 

collected in the GMU-GcT could be quality assessed. However, as noted by Goodchild 

and Li (2012), the appropriateness of the technique used to ensure quality data is highly 

dependent on the purpose and scope of the project. The method of validation also largely 

depends on the type of data being collected, which is apparent in the different 

geocrowdsourcing projects evaluated in the literature. Karimi et al. (2014) discuss their 

developments in a personalized routing system for the University of Pittsburgh that 

incorporates VGI in routing wheelchair users around inaccessible pathways. Their 

research addresses the uncertainty of data quality standards and validation methods for 

geocrowdsourced accessibility mapping, and how it affects data collection. One of the 

issues is that accessibility projects like the GMU-GcT and PAM-PITT (Karimi et al. 

2014) is that these projects are unique, and there is no tried and true method of validating 

incoming information that is shared with the public. Due to a lack of relevant prototypes, 

there is a current need for research on the social approach to assessing geocrowdsourced 

data, especially when an official data source is not available for validation purposes.  
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Assistive	  Geotechnology	  
Assistive geotechnology has existed for decades, particularly with the presence of 

tactile and haptic maps. It is very prevalent in the literature that tactile map production is 

a time-consuming and difficult process, requiring the use of expensive materials, which 

has triggered many researchers to shift towards software-based applications, GIS, and 

other geotechnologies (Perkins 2001; Coulson et al. 1991; Miele 2007). However, 

Golledge (2000) asserts that the main problem for visually- and mobility-impaired 

individuals is obstacles in the build environment, which are not captured on a static, 

tactile map. One of the first innovative assistive geotechnology systems that addressed 

the issues of obstacles was Golledge’s Personal Guidance System, which involved GPS 

tracking, a functional GIS with pedestrian network data, auditory orientation cues, and a 

vibro-tactile haptic pointer interface which allowed the user to receive additional cues 

regarding objects they were pointing at (Loomis et al. 2001, 2005). This Personal 

Guidance System was revolutionary in the world of assistive geotechnology, though it 

contained some disadvantages, as noted by Marston et al. (2006, 2007), particularly that 

data was obtained in the same manner as conventional cartography, which involved 

delays and generalizations. Also, there was no way of adding obstacles that were spatially 

and temporally variable because they could not be captured in advance; only permanent 

obstacles affecting navigation (such as stairs and steep paths) could be added to the 

system. 

Since Golledge’s Personal Guidance System, many other have attempted other 

methods of assisting the disabled in navigation, using GIS, geocrowdsourcing, or a 

combination of both. Barbeau et al. (2010) present a notification system developed to 
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communicate routing information to disabled individuals using public transit. Karimi and 

Kasemsuppakorn (2009, 2013) developed a routing system for wheelchair users, taking 

into account slope, sidewalk conditions, traffic loads, etc., using impedance scores for 

sidewalk segments to determine optimal routes. Similarly, Beale et al. (2006) develops an 

approach to route individuals with mobility-impairments using network analysis in GIS 

and accounts for slope, surface type, and presence of curb cuts. Laakso et al. (2011) 

review accessibility mapping services and develop formal data models for pedestrian 

networks to facilitate accessible routing. The concept of a personalized accessibility map 

is discussed by Karimi, et al. (2014), who developed a geocrowdsourced tool in addition 

to a pedestrian network used in Kasemsuppakorn and Karimi (2013) to aid disabled 

individuals in way finding and navigation at the University of Pittsburgh. It is noted that 

very few American universities provide public accessibility maps, and none of these 

incorporate geocrowdsourcing to report obstacles or origin/destination routing (Karimi et 

al. 2014). Other universities or communities who wish to use geocrowdsourced 

information in conjunction with traditional GIS data to improve campus accessibility can 

gain knowledge on implementing such a tool from Karimi et al.’s PAM-PITT (2014) and 

from the GMU-GcT (Rice et al. 2012, 2013, 2014).  

Accessibility	  Mapping	  Applications	  
Notable open source accessibility routing applications can be found in the 

pgRouting Gallery (2014), where applications take into account obstacles such as 

stairways or steep paths. The Portuguese Accessible Paths in Pinhel (Figure 5), allows for 

the selection and display of paths suitable for wheelchair users as well as seniors and 
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those with minor mobility impairments, taking slope and pathway material into account 

when routing. The École polytechnique fédérale de Lausanne (EPFL, Figure 6) also 

provides an open source routing tool that routes the end-user through buildings if 

necessary and notifies the end-user if they will be required to change floors. Another 

application geared towards those with mobility impairments is Wheelmap, centered in 

Germany, which aims to find wheelchair-accessible locations. While these routing 

applications are a step in the right direction, end-user route preference can be diverse 

depending on the individual, regardless of impairments (Church and Marston 2003; 

Jacobson 1998; Williams et al. 2013; Avila 2014; Golledge et al. 2000). It is also 

interesting to note that most accessibility routing applications geared towards those who 

are impaired are focused in European countries. Accessibility mapping applications in the 

United States are not common; Access Together (Figure 7) aims to use crowdsourcing to 

create a more accessible community, though it is not very popular and does not utilize 

routing. Ride the City (Figure 8) utilizes routing along with geocrowdsourcing of 

accessible routes for bikers, along with bike shares and bike racks, and is much more 

popular, making it much more useful, but is not geared toward the mobility- or visually- 

impaired. Perhaps the most popular and most successful accessibility mapping 

application that utilizes geocrowdsourcing is Waze (Figure 9), which involves users 

reporting transient obstacles that impede traffic such as traffic accidents using their 

mobile device, and is geared towards commuters.  Wheelmap (Figure 10) is similar to 

Access Together, in that it crowdsources information on wheelchair accessible places. 

However, Wheelmap is much more popular in European cities such as Berlin, whereas 
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American cities, such as Washington, DC, receive very few contributions. This 

phenomenon is similar throughout the rest of the U.S. Based on these accessibility 

mapping applications, it is clear that Americans have not yet prioritized accessibility 

mapping services that are geared towards handicapped pedestrians and wheelchair users 

and utilize crowdsourcing. However, the need for these kinds of services is clear, and the 

existing services provide a good basis for how the GMU-GcT is designed and 

implemented. 

 

 
Figure 5. Accessible Paths in Pinhel. A routing system hat implements obstacles that 
would impede navigation for the disabled and elderly, taking into account path slope and 
“softs” or path texture/material. http://percursos.pinhel.proasolutions.pt 
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Figure 6. The École polytechnique fédérale de Lausanne’s Routing system. Routes 
throughout the campus, taking into account accessible entrances, geared towards those 
with mobility impairments http://plan.epfl.ch 
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Figure 7. Access together, which crowdsources information regarding accessibility for 
those who are blind or mobility impaired. Is active in Canada but is in beta in the US. 
http://www.accesstogether.org 
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Figure 8. Ride the City, which crowdsources locations of bike shares, bike racks, and 
accessible bike paths. http://www.ridethecity.com 
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Figure 9. Waze, a mobile application that crowdsources user-generated reports regarding 
transient obstacles, as well as basic information about speed of traffic, using mobile GPS 
data. https://www.waze.com/ 
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Figure 10. Wheelmap, a web mapping service that crowdsources places that are 
wheelchair-accessible in cities. In Berlin (top), much more information is contributed 
while in Washington, DC (bottom), very few places have received wheelchair 
accessibilty ratings from users. http://wheelmap.org/en/ 
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DATA AND METHODOLOGY 

This section presents an outline of the research conducted for two purposes. The 

first purpose is an assessment of what Goodchild and Li (2012) refer to as the social 

approach to ensuring VGI data quality. As previously stated in the introduction, this 

thesis will investigate how effective a team of moderators is in validating the position of 

reported obstacles in the George Mason University Geocrowdsourcing Testbed, including 

moderator accuracy and consistency with one another. Moderator consistency in 

characterizing the reported obstacles will also be evaluated. In addition to evaluating the 

social approach for quality assurance, this thesis examines the use of additional positional 

descriptors in validating position. These positional descriptors include geotagged images 

that are included in obstacle reports, as well as text-based georeferencing from user 

contributed location descriptions. First, the GMU-GcT will be described in more detail, 

including a description of the currently employed quality assessment procedure. 

The	  George	  Mason	  University	  Geocrowdsourcing	  Testbed	  
The George Mason University’s Geocrowdsourcing Testbed allows the public to 

submit reports of temporary pedestrian hazards, particularly those that would affect the 

chosen pathways of blind pedestrians or those in wheelchairs (such as those in Figure 

11). The obstacle reporting process can be done either on the GMU-GcT’s website or 

through a mobile-friendly version of the website. When contributors find an obstacle to 
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report, they position a locator icon on the map by click-dragging it to the desired location 

with a locator icon (Figure 12), and fill out the report form providing obstacle details, 

such as location, duration, urgency, and obstacle type (Table 1). Once a report is 

submitted, the obstacle appears as a point feature on the GMU-GcT’s Map, with obstacle 

details attached to provide information to end-users. All reports come into the system 

unconfirmed until confirmed by one of the moderators. This includes the project staff, 

consisting of three student moderators that are solely responsible for validating 

unconfirmed reports, two project developers and study designers who are the most 

experienced project staff, dealing with project design as well as validating unconfirmed 

reports, and one system administrator, who built the website and deals with any technical 

issues. 

 

 
Figure 11. The image on the right shows an obstacle that is considered a sidewalk 
obstruction and construction detour while the obstacle on the left is considered a poor 
surface condition.  
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Figure 12. Locator icon on GMU-GcT used for georeferencing obstacles and evaluating 
positional accuracy. 

 

The GMU-GcT was developed around the Google Maps API, which is utilized for 

its simplicity in displaying points and attached information via info windows, and is 

already familiar to end-users. The GMU Geocrowdsourcing Testbed consists of a web 

application (Figure 2) developed with HTML5, JavaScript, JQuery, CSS, and PHP, and a 

mobile data-reporting tool built with JQuery. The transient obstacle data contributed to 

the system is passed to the server-side using Ajax, and stored in PostgreSQL tables. The 

GMU Geocrowdsourcing Testbed has visualization capabilities built JQuery and routing 

functionality from ArcGIS Server. An important part of the system is a detailed 

PostgreSQL gazetteer database of building names, street names, and landmarks, used 

with address points for geoparsing and georeferencing user-supplied text descriptions.  
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Table 2. Obstacle report attributes. Most attributes are required, though location 
description, obstacle description, and an image are not required.  

Report Attribute Format Categories Required 

Date & Time of 
Observation 

Selected from calendar, 
or typed to fit 
MM/DD/YYYY 
HH:MM format 

 Y 

Location (X,Y) 

Click-drag of locator 
icon (web), or GPS-
coordinates from 
device (mobile) 

 Y 

Location (text) Text box  N 

Obstacle Type Selection menu 

sidewalk obstruction, 
construction detour, 
entrance/exit problem, 
poor surface condition, 
crowd/event, other 

Y 

Obstacle 
Description Text box  N 

Duration Drop-down menu 
Short (<1 day), Medium 
(1-7 days), Long (>7 
days) 

Y 

Urgency Drop-down menu Low, Medium, High Y 

Image Image upload  N 
 

Quality	   Assessment	   Procedures	   for	   the	   George	   Mason	   University	  
Geocrowdsourcing	  Testbed	  

The moderators check the GMU-GcT on a daily basis for newly reported 

obstacles. When a report is submitted and flagged as new, a moderator field-checks the 

obstacle within 24 hours of it being reported, corrects any attribute errors described by 

Table 2 using the online report form (Figure 13), and confirms the report. Once a report is 

edited and confirmed by a moderator, the validated report is displayed on the map, 
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accessible at http://geo.gmu.edu/vgi, and is assigned an automated quality assurance 

(QA) score based on positional accuracy, temporal consistency, image quality, 

completeness, and attribute accuracy. Positional error is calculated using the Haversine 

distance calculation, converting geographic coordinates into meters. Moderators also 

assign a report a moderator quality score on a scale of 1-5, based on completeness and 

usefulness of the report. The moderator quality score is inherently subjective, but the 

project leader has created a scoring guide to try to ensure moderators are consistent in 

their scoring. The moderator quality score is most useful in quantifying how well an 

obstacle was reported, and is perceived by project staff to be a satisfactory reflection of 

the overall report quality. Each QA variable is weighted based on perceived importance 

in the GMU-GcT quality assessment process, as demonstrated by Table 3. Each variable, 

such as obstacle type, duration, and urgency, recorded from user-generated reports is 

validated and corrected if errors are present, and then given a score, which is then 

weighted based on importance. Final QA scores typically range from 55-95, with low-

quality reports being under 60 and high quality reports being above 90. 
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 Figure 13. The form on the left shows the original report in black text, the moderator’s 
edits in red, and quality scores in blue. The right side shows text fields where the 
moderator can correct a report and save changes. 
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Table 3. Provisional quality assessment scoring system.  

Quality Assessment Variables Score Rank Weight (%) 

QA: Moderator Quality Score 1-5 1 20 

QA: Location (X,Y) 0-1 2 17 

QA: Image Quality 0,1,2,3 3 15 

QA: Urgency 0,1,2 4 12 

QA: Obstacle type 0,1,2 5 11 

QA: Duration 0,1,2 6 10 

QA: Temporal Consistency 0,1 7 6 

QA: Location text 0,1 8 5 

QA: Completeness 0-100% 
scaled to 0-1 9 4 

   
100 

 

Assessing	   the	   Social	   Approach	   to	   Ensuring	   Quality	   of	   Crowdsourced	  
Geospatial	  Data	  

Due to the current lack of research on the effectiveness of the social approach to 

quality assuring VGI, one goal within the GMU-GcT is to evaluate the consistency of the 

moderators in charge of validating incoming data. As stated in the previous section, the 

GMU-GcT utilizes a small group of paid and trained moderators who provide expert 

knowledge and ground-truth for incoming reports. Reports are typically validated and 

confirmed a single time by a single moderator, though it is important that all moderators 

are consistent in their decisions for quality assurance purposes and for the overall 

credibility of the GMU-GcT.  

In order to evaluate moderator consistency, a study has been designed in which a 

series of obstacles are reported to separate customized versions of the GMU-GcT 
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website, to allow for simultaneous blind moderation by all current moderators. The 

GMU-GcT moderators assess and validate each obstacle report and are then evaluated for 

consistency in report positioning and attribute characterization. Consistency is evaluated 

through a comparison to a “ground-truth” version of the report based on the careful 

analysis, validation, and joint agreement of the project leader and study designer. A 

framework for this process is outlined in Figure 14. The two project leaders and study 

designers report a series of obstacles and hazards, which are then copied to three separate 

versions of the GMU-GcT website. The study utilizes three student moderators, each with 

their own version of the testbed website, who are alerted of new reports immediately after 

they are submitted. They then field-check, validate, and quality assess the reported 

obstacles within 24 hours. Once each of the moderators has completed their set of reports, 

the two project leaders create a “ground-truth” version of each reported obstacle by 

making joint decisions in moderating the report. This includes correcting the reported 

obstacle position. Moderators correct the position of the reports in the same way end-

users report obstacles, by click-dragging the locator icon to the appropriate location, 

which provides an exact point-position in latitude-longitude coordinates (Figure 12). This 

is done by zooming-in as much as possible on the Google Maps API and using satellite 

imagery mode to georeference the correct location based on buildings, road markings, 

and other landmarks. The “ground-truth” version of the report, created by the two project 

leaders, is positioned in the same manner, but is asserted as the ground truth since the 

project leaders are making a joint decision and have the most experience with positioning 

reports. Because the project leaders are the ones initially reporting the obstacles and have 
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the most experience with the Testbed, they are also the most aware about the obstacles 

precise location. This “ground-truth” report is the best solution to having an official data 

source, and provides a basis for comparing moderator reports to the ideal report 

attributes.  

 

 
Figure 14. Moderator consistency study framework. This framework outlines the process 
that will occur when evaluating moderator consistency. 

 

Reports of varying quality are submitted to GMU-GcT

Moderators are notified of reports

Mod 1 Mod 2 Mod 3

Field check Field check Field check

Moderators individually evaluate and correct reports

System admin 

ground-truths report

ground truth Mod 1 Mod 2 Mod 3original report

F I V E  S E T S  O F  D A T A  P R O D U C E D
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 It is expected that since moderators are all trained in obstacle categorization using 

a consistent, common rubric, they should remain consistent in their assessment of 

obstacle position and obstacle attributes. Moderator assessments that require 

categorization of obstacle attributes can be problematic, and may have mixed results. 

Moderator assessments of temporal characteristics for obstacles can be difficult. For 

example, crowds and events (one obstacle type that is often reported to the GMU-GcT) 

typically last less than 24 hours, though some events will occur for a few hours but over 

multiple days in a row, making it difficult to assert whether the obstacle is short duration 

(less than 24 hours) or medium duration (1-7 days).  

In many circumstances, report positioning is challenging, since consistency in 

positioning is limited by the scale of the Google Maps API and the process of 

georeferencing the obstacle’s correct location on the map. The Google Maps API does 

not zoom indefinitely, so positioning is constrained by the content and detail in the 

highest zoom level. Georeferencing involves locating the position of an obstacle by click-

dragging an icon to the chosen location on the map (Figure 12). It is expected that there 

will be some differences in report positioning, since spatial cognition varies from 

individual to individual and plays a key role in georeferencing (Hill 2006). However, it is 

expected that differences in moderator positioning will remain less than 6 meters, which 

is an average positional error found in several VGI datasets, according to Ramm et al. 

(2011), and will also provide better precision in positioning than most GPS devices 

would provide. Zandbergen (2009) found positional error from iPhone GPS to be quite 

large, with a median of 74 meters on WiFi and about 10 meters for Assisted-GPS. It 
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should also be noted that mobile GPS snaps to the road network, which is not useful for 

validating the position of obstacles on pedestrian pathways (Zandbergen 2009). 

Moderator positioning by manual map-based georeferencing should mitigate any inherent 

positional error that would be caused by GPS. 

Categorical consistency for obstacle type is compared and evaluated for 

consistency and accuracy. This evaluation will be based on a comparison of the 

categories selected by the moderator, and the categories authoritatively determined by the 

project leader and study designer. Moderator’s category selections should be consistent 

with the project leaders’ selections in the “ground-truth” reports, except for difficult-to-

categorize obstacles, and when a hazard’s duration is uncertain or ambiguous. 

Because moderation of the GMU-GcT (as well as other services like 

OpenStreetMap) operates on the use of multiple moderators, there is the possibility of 

some subjectivity being involved in evaluating report attributes since the process is not 

automated. Moderators follow a specific rubric when evaluating reports (see Appendix), 

but inconsistencies amongst a team of moderators are possible due to differing 

attentiveness to detail and spatial cognition when positioning a report on a map. This 

study will address the uncertainties associated with this approach by seeking out any 

inconsistencies and will evaluate the merit of this approach to ensuring data quality. 

Data	  Collection	  
The moderator consistency study took place over the course of three weeks, and 

consists of a set of 33 total reports with varying quality contributed to a separate GMU-

GcT database by the system administrator. The study area containing the 33 original 
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reports submitted is shown by Figure 15. The reports are then copied to three additional 

databases, one per each moderator, and data is stored in separate PostgreSQL databases. 

The team of moderators is then notified that there is a set of reports (between 4 and 7) to 

field-check, moderate per instructions laid out by the moderator rubric that is created by 

the project leader and study designer (see Appendix), and confirm the report. The 

moderators are instructed to field check and moderate reports the same day the reports are 

contributed to the system, due to the transient nature of most of the obstacles. 
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Figure 15. Obstacles reported to the GMU-GcT for the moderator consistency study (33 
total). 
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 There has been some consideration regarding the merit of using a GPS device to 

position obstacles, particularly for the system administrator acting as ground truth. 

However, past studies on GPS accuracy infer that device GPS are not very accurate, 

particularly when using a cellular device. Zandbergen (2009), found the average 

positional error of Garmin’s GPS to be 9.0 m, the iPhone 3G’s assisted GPS to be 10.6 

m, and Skyhook’s WiFi positioning system on the iPhone 3G to have a median error of 

74 m. These results affirm that when aiming for a positional error in congruence with 

other VGI studies, using a GPS to validate position is not the way to go. There is also 

the issue of consistency, so the project leader and study designer selects the obstacle’s 

ground-truth position in the same manner as the other moderators by carefully click-

dragging the locator icon and obtaining the x,y coordinates through the Google Map 

API. Like stated previously, having the project leader and study designer select the 

ground-truth location of the obstacle in this manner mitigates any inherent positional 

error that might be caused by using a GPS to validate position. 

Evaluating	  Positional	  Error	  
One of the uses of the GMU-GcT is to collect crowdsourced, validated obstacle 

reports and integrate them in a pedestrian network to create an alert system for pedestrian 

routing. Obstacles, once moderated, are expected to intersect with the GMU-GcT’s 

pedestrian network. Because of this, positional accuracy is critical, and is demonstrated 

by Figure 16. When reports are moderated, they are assigned a measurement of positional 

error, which is derived from the Euclidean distance between the original report and the 

obstacle’s actual location, as determined by the moderator. In this moderator study, there 
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are several versions of the same report, all with slightly varying distances based on the 

georeferencing skill of each individual moderator. Since the goal is to evaluate 

consistency amongst moderators, the positional error of the moderator’s report location 

from the ground truth report is calculated using the “near” tool in ArcMap (Figure 17). 

The “near” tool calculates the spherical distance from one feature to its nearest feature 

based on the projected coordinate system of the data. The output is the distance of each 

moderated report from the actual obstacle. These distances will be analyzed to determine 

overall positional error and gain insight into report positioning done by moderators. 

 

 
Figure 16. Obstacle avoidance in routing for the GMU-GcT. Obstacles are granted an 
uncertainty buffer, enabling obstacles to intersect with the pedestrian network and be 

unconfirmed

uncertainty buffer

confirmed

obstacles

pedestrian route

user position
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avoided in routing. An unconfirmed obstacle report often will not intersect with the 
pedestrian network. 
 

 
Figure 17. ArcGIS model used to calculate positional error of moderator’s positions for 
reports. 

 

Evaluating	  Categorical	  Consistency	  for	  Obstacle	  Type	  
Moderator consistency throughout other report attributes is also to be taken into 

consideration. It is essential that the moderators validating incoming reports be in 

congruence on classifying obstacle types. The classification system for obstacle type is 

outlined extensively in the moderator rubric (see Appendix). Correct classification of 

obstacle types is crucial for the GMU-GcT for obstacle avoidance purposes. The GMU-

GcT uses six categories to classify obstacles: sidewalk obstruction, construction detour, 

poor surface condition, entrance/exit problem, crowd/event, and other. When submitting 

a report, the user can select one or more obstacle types to describe the obstacle. 



 
 

42 

Typically, one obstacle type will suffice in categorizing an obstacle, although there are 

several cases in which two or three obstacle types are appropriate. The reports evaluated 

by the moderators in this study were submitted with varying quality, meaning that the 

original reports included reports where obstacle type either did not need to be modified, 

needed to be partially modified, needed to be completely modified, or was not selected at 

all. 

 In evaluating this portion of moderator consistency, the data for each of the 

reports from each moderator’s database was downloaded and put into a spreadsheet for 

examination. Each moderator’s selections were compared to the ground-truth, or the 

study designer’s selections. For each obstacle report, the moderator was assigned a score 

based on consistency with the ground truth: 2 for complete match, 1 for partial match, 

and 0 for no match. The total scores for all of the obstacle reports will be averaged for 

each moderator, providing a final score on overall categorical consistency for obstacle 

type.  

Additional	  Methods	  of	  Validating	  Position	  

Image	  Geotags	  
 Rice et al. (2013, 2014), suggest that digital photographs can provide more insight 

into the location of reported obstacles. Most point-and-shoot and smartphone cameras 

come equipped GPS, enabling the location of where the image was taken to be stored in 

the photo’s metadata, which is known as a geotag. Many are also equipped with a digital 

compass, allowing the camera’s viewing direction to be stored in the metadata as well. 

An image geotag combined with the viewing direction permits the subject’s location to 
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be identified solely based on the photo’s metadata, especially when multiple photos have 

been taken of the same subject. 

 Volunteers for the GMU-GcT are asked to submit an image of the obstacle along 

with the obstacle’s report. Typically, submitted photos are geotagged, and provide an 

approximation of where the hazard is located with some offset. Figure 18 is an example 

of how locations for geotagged images are clustered near the obstacle report and the 

actual obstacle location, or the ground truth.  The geotagged image locations (Figure 18, 

yellow triangles) are not expected to coincide precisely with the obstacle report or ground 

truth, because the photographs are often taken at a distance.   

 
Figure 18. A subset of obstacles reported to the GMU-GcT, including the original report, 
the obstacle’s actual location, and the location of the geotagged image. 
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 The potential of the use of image metadata in validating position of hazards 

reported to the GMU-GcT can be further investigated. Obtaining multiple geotagged 

images for the same obstacle, taken with a device that stores compass direction, can be 

used to generate a trajectory model that points to the obstacle’s location, as shown by 

Figure 19.   

 

 
Figure 19. A hypothetical example of how multiple images containing geotags, 
augmented with compass direction bearings stored in image metadata, can be used to 
identify an obstacle. 
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 To replicate the hypothetical scenario in Figure 16, a series of images were taken 

of three obstacles previously reported to the GMU-GcT with a Nikon CoolPix S9500. 

The Nikon CoolPix S9500 is GPS and WiFi enabled, and relies on the detection of three 

satellites in order to obtain GPS and compass bearing. No literature was found on the 

accuracy of the GPS for the CoolPix S9500. Once the images were downloaded from the 

camera, the geotags were extracted and used to create a shapefile in ArcMap, then 

exported into Adobe Illustrator to create trajectories based off the compass direction in 

the digital camera, or camera’s viewing direction.     

Text-‐Based	  Georeferencing	  
 The use of geoparsing text descriptions to georeference the position of hazards 

and obstacles for the GMU-GcT is described by Rice et al. (2011, 2012). Rice et al. 

(2012, 2015), Hill (2010), and Goodchild and Hill (2008), acknowledge that in order to 

geoparse text to obtain a location, it is critical to be able to identify the use of place 

names within VGI, as well as use a detailed localized gazetteer to assign metric 

georeferencing to user-generated content. The GMU-GcT utilizes an extensive localized 

gazetteer, consisting of place names for buildings, roads, and landmarks on GMU’s 

campus and in surrounding neighborhoods. Geoparsing algorithms in conjunction with 

the GMU-GcT’s gazetteer allows for geographical footprints to be generated based on a 

reports’ location description text field (Figure 20). A detailed spatial footprint, in the 

form of a convex hull, is created using PostGIS and displayed on a map. The results 

section will demonstrate some examples of geoparsing to validate the position of reported 

obstacles. 
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Figure 20. Location description text for a reported obstacle. 
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RESULTS AND DISCUSSION 

Positional	  Error	  in	  Moderator	  Consistency	  Study	  
Thirty-three total obstacles were reported to the system, and then field-checked 

and validated by three moderators as well as the system administrator, acting as the 

ground truth. The study area containing the location of the obstacles along with the 

positioning chosen by each of the moderators is shown in Figures 21a-21d, while Table 4 

summarizes the positional measures for the 33 collected reports. The average positional 

error amongst the three moderators is 5.55 meters, with a standard deviation of 2.86 

meters. Out of the 33 obstacle reports, 54.5% of reports were positioned within 3 meters 

of the obstacle’s actual location, which is well under the expected distance as laid out by 

previous research, and 69.7% of the reports were positioned within 6 meters of the 

obstacle’s actual location, which is in congruence with similar findings regarding 

positional error of VGI. Figure 22 is a representation of two reports that were positioned 

very well by the moderators, which is ideal in the realm of geocrowdsourced data quality. 
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Figure 21a. Obstacle reported to the GMU-GcT for the moderator consistency study, 
including the obstacle’s actual location and their subsequent locations as chosen by the 
moderators. South GMU Campus.  
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Figure 21b. Obstacle reported to the GMU-GcT for the moderator consistency study, 
including the obstacle’s actual location and their subsequent locations as chosen by the 
moderators. North GMU Campus.  
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Figure 21c. Obstacle reported to the GMU-GcT for the moderator consistency study, 
including the obstacle’s actual location and their subsequent locations as chosen by the 
moderators. Old Town Fairfax.  
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Figure 21d. Obstacle reported to the GMU-GcT for the moderator consistency study, 
including the obstacle’s actual location and their subsequent locations as chosen by the 
moderators. North Fairfax.  
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Table 4. Positional error for each report based on the location determined by each 
moderator. Positional error is determined based on the distance from the exact location of 
the obstacle, as assured by the system administrator. 

Positional Errors of Moderated Reports 

report mod1 mod2 mod3 
AVG 

PE STDEV 
Areal 

Feature? 
report_0001(mod) 2.25 0.65 1.14 1.35 0.82 

 report_0002(mod) 3.59 3.69 0.16 2.48 2.01 
 report_0003(mod) 2.74 2.80 3.38 2.97 0.35 
 report_000365(mod) 15.79 20.21 13.55 16.52 3.39 Y 

report_000366(mod) 11.35 4.07 4.27 6.56 4.15 Y 
report_000367(mod) 0.66 1.10 0.42 0.73 0.35 

 report_000368(mod) 1.07 0.48 0.94 0.83 0.31 
 report_000369(mod) 17.36 8.43 3.63 9.81 6.97 Y 

report_0004(mod) 2.98 2.24 3.18 2.80 0.50 
 report_0005(mod) 1.77 4.72 2.20 2.90 1.59 
 report_0007(mod) 27.48 35.71 4.45 22.55 16.20 Y 

report_0008(mod) 5.17 5.61 5.12 5.30 0.27 
 report_0009(mod) 14.93 6.12 5.32 8.79 5.33 Y 

report_00010(mod) 7.97 2.03 2.57 4.19 3.28 Y 
report_00011(mod) 3.98 2.06 1.77 2.60 1.20 

 report_00012(mod) 3.00 3.38 2.39 2.92 0.50 
 report_00013(mod) 1.00 2.22 3.79 2.34 1.40 
 report_00014(mod) 3.52 2.60 1.26 2.46 1.13 
 report_00016(mod) 8.28 1.56 5.44 5.09 3.37 Y 

report_00017(mod) 4.09 19.70 16.59 13.46 8.26 Y 
report_00018(mod) 2.22 26.95 1.53 10.23 14.48 Y 
report_00019(mod) 4.26 2.64 16.46 7.79 7.55 Y 
report_00020(mod) 5.71 55.14 4.73 21.86 28.83 Y 
report_00021(mod) 9.09 0.37 1.89 3.78 4.66 

 report_00022(mod) 4.10 4.83 1.86 3.59 1.55 
 report_00023(mod) 0.72 0.76 0.57 0.69 0.10 
 report_00024(mod) 0.93 5.05 0.76 2.25 2.43 
 report_00025(mod) 4.17 0.25 0.25 1.56 2.27 
 report_00026(mod) 25.87 5.79 3.70 11.79 12.24 Y 

report_00027(mod) 0.36 0.59 0.51 0.49 0.12 
 report_00029(mod) 0.27 0.13 0.17 0.19 0.07 
 report_00030(mod) 1.07 0.37 1.07 0.84 0.41 
 report_00031(mod) 0.60 1.83 2.07 1.50 0.79 
 Average Positional Error 6.01 7.09 3.55 5.55 2.86 
 Average Positional Error 

(Areal Features 
Removed) 

2.53 2.18 1.66 2.12 4.15 
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Figure 22. A representation of the positional errors associated with two obstacle reports. 
The black circles represent the obstacle location chosen by the moderators, while the 
asterisk represents the obstacle’s actual location, as determined by the project leader. 

 

Six of the ninety-three moderator obstacle reports had positional errors of greater 

than 20 meters. There are a few explanations for this, related to the limitations discussed 

previously, but also because some obstacles are not adequately represented by a point 

location. For this study, obstacle reports are assigned a location based on a point rather 

than a line or a polygon. This presents an issue for obstacles that are very large, as 

demonstrated by Figure 23. In many cases, the hazards reported to the GMU-GcT consist 

of a large construction area or a large segment of sidewalk that is closed, which would be 

best represented by a polygon feature. The moderators for this study were instructed to 

assign the position of the obstacle report directly in the center of the obstacle, but then 

variances in spatial cognition associated with georeferencing become a factor in selecting 

the accurate position of the obstacle. Report_0007 (Figure 24) is an example of such 

scenario, which explains the positional error of 22.55 meters. Because of this 
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discrepancy, Table 4 has a column indicating whether an obstacle was an areal feature, 

and the overall positional error was recalculated with areal features removed, with an 

average positional error of non-areal features being 2.12 m.     

 

 
Figure 23. A representation of the limitations presented by assigning position as a point 
location rather than assigning position to encompass a larger area, as a line or polygon. 

 

 
Figure 24. Demonstration of a report that is difficult to position with a point due to it’s 
areal nature, resulting in a high positional error determined by the moderators. The 
obstacle being reported is an event occurring in the center of GMU’s campus, causing 
lots of pedestrian traffic and partially obstructed sidewalks.  
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The difference in average positional errors of all the obstacles and with large, 

areal obstacles removed infers that a point-based feature inadequately represents some 

obstacles. It is apparent that some obstacles would be better indicated by a polygon or 

polyline when moderated for position in the GMU-GcT. This functionality is enabled for 

regular moderation in the GMU-GcT, however, was not implemented in this study due to 

its potential for creating complications with the moderating process.  The regular GMU-

GcT moderation process will continue to use polygon geometries to represent obstacles 

that are larger and inadequately represented by a point, mitigating positional error caused 

by inadequate geometric representation. 

 Another issue that caused a large amount of error in positioning amongst the 

moderators is the limitation of georeferencing based off Google Maps orthoimagery 

rather than collecting GPS coordinates of hazards when field checking. The orthoimagery 

provided by Google is not leaf-off, which causes issues for positioning in some cases, 

such as report_000365 (Figure 25). Report_000365 consisted of a wooden walkway that 

routed the user around a pathway that required a detour due to construction, and is not 

reflected in the most recent orthoimagery or in Google Maps, making the obstacle even 

more difficult to locate on a map. 

 



 
 

56 

 
Figure 25. An example of a poorly positioned report, due to the limitations presented by 
using Google orthoimagery to georeference an obstacle’s position rather than validating 
position by GPS or through some other method. 
 
 

Categorical	  Consistency	  for	  Obstacle	  Type	  
Moderators remained mostly consistent overall when classifying obstacle type. 

Given a score for each report (0=no match, 1=partial match, 2=exact match), the 

moderators were assigned a total score, being the average of scores for each report, of 

1.79, 1.76, and 1.70, with an overall average of 1.75. This entails that the three 

moderators were mostly in agreement, and have an overall 76.8% exact match rate, and 

an overall 98.0% match rate of at least one of the appropriate categories. The match rate 

for each moderator compared to the ground truth is illustrated by Figure 26.  

 

13.55

15.79

32.17

Average Positional Error: 20.50 m
Standard Deviation: 10.16 m

report_000365



 
 

57 

 
Figure 26. Overall agreement between the three moderators and the ground truth for 
classifying obstacles, each moderator represented by one histogram.  

 

While an exact match rate of 76.8% is quite good, there is some explanation for 

some matching errors and disagreement in obstacle classification. Though the moderators 

are trained and given a rubric that declares the criteria for each obstacle type, there is still 

some ambiguity. For example, poor surface conditions and sidewalk obstructions can 

easily be confused if a poor surface condition begins to fully or partially obstruct a path, 

in which it would be a sidewalk obstruction as well. Construction detours are also 

sometimes difficult to classify, because there are often reports for construction-related 

hazards, but they do not actually culminate in a detour. This was apparent for one 

obstacle, in which two of the moderators resulted in “no match” for correctly classifying 

obstacle type. The original report contained “construction detour, sidewalk obstruction,” 

though the obstacle would have been correctly classified as a poor surface condition. One 

moderator classified the obstacle correctly, while another moderator classified the 

obstacle as a construction detour, and another as a sidewalk obstruction. Figure 27 
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exemplifies some of the discrepancies for each obstacle type, with the most discrepancies 

being associated with sidewalk obstructions and poor surface conditions. 

 

 
Figure 27. Total count of obstacle type selections per each moderator, compared to 
original reports and the ground truth. 

 

This analysis is a progressive start to assessing categorical consistency amongst 

moderators. There is still much that needs to be done, such as employing inferential 

statistics in examining the data. It was also stated previously that reports were originally 

submitted with varying quality, though most of the reports did not need their obstacle 

type to be completely modified. When repeating this kind of analysis, the reports should 

be submitted with varying quality in a more methodical way to see if pre-selected 

classifications have any cognitive influence on the moderator’s selection.  
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Validating	  Position	  with	  Image	  Geotags	  
 

Three obstacles were photographed using the Nikon Coolpix S9500. While image 

geotags analysis would theoretically be a satisfactory method for validating the position 

of reported obstacles, it is currently inconsistent and unreliable. This is because the 

camera’s GPS is imprecise in each of the photos taken, and the camera direction was 

found to be inaccurate in each example. This is exemplified by Figure 28. An actual 

obstacle’s location is marked, along with several image geotags and their subsequent 

viewing direction.  
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Figure 28. The locations and camera viewing directions of geotagged images of an 
obstacle, exemplifying that this method of position validation is insufficient with the 
tools used. 

 

 There has been some research on current positioning capabilities of point-and-

shoot cameras. Park et al. (2010) explain that viewing direction data provided by a device 

with a digital compass is error prone because the device is sensitive to motion and 

magnetic disturbances. Park and Jain (2013) attempt to identify scene locations based off 

geotagged images and explain that the positional error caused by the triangulation from 

GPS satellites ranges from 10 meters to 30 meters.  The error and lack of dependability 
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associated with both the GPS positioning and camera direction provided by the digital 

compass make this method unsubstantial for identifying the actual position of an 

obstacle. However, image geotags can be used to supplement obstacle details by 

providing an approximation of the obstacle’s location. This is exemplified by Figure 29, 

in which the geotagged image locations shown in Figure 28 are used to create a spatial 

footprint around an obstacle. 

 

 
Figure 29. A series of geotagged image locations provides a spatial footprint for an 
approximation of an obstacle’s location. 
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Validating	  Position	  with	  Text-‐Based	  Georeferencing	  
Early efforts to validate obstacle positions through geoparsing are shown in 

Figure 30, which uses a detailed gazetteer of local feature names to automatically 

geoparse toponyms from obstacle location descriptions and create a convex hull based on 

the location description. This work, published in Rice et al. (2011, 2012) is notable for 

including slang, abbreviated, colloquial, and foreign language-based variant toponyms, 

and for being executable in real time. More recent work extends previous geoparsing and 

spatial footprints to include options for both convex and concave hull geometry for 

geoparsed placenames, produced with PostGIS (Figure 31).  

Figures 32, 33, and 34 show current work on validating the four versions of 

geocrowdsourced obstacle positioning, building on the positional accuracy assessment 

techniques, image geotag extraction, obstacle location text and associated spatial 

footprints from geoparsed toponyms. The three figures contain a red convex hull built 

automatically from geoparsed toponyms in the contributed obstacle location description, 

a yellow dot showing image geotag location, a blue dot showing the original report 

location as established by the user, and a green dot showing the obstacle report location 

as determined by the moderator. In each case, these three location characteristics fall 

inside the red convex hull, indicating consistency in positioning. Distances between the 

points are displayed in a table along with the obstacle description text, and can be used to 

assess validate and assess the quality of positioning for each report.  
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Figure 30. Obstacle footprints from geoparsed obstacle text (Rice et al. 2011, 2012) 

 

 
Figure 31. Convex (left) and Concave (right) hull geometries for "Fenwick Library" and 
"Krug Hall" 
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Figure 32. Geoparsing location text: footprints and obstacle locations using a provided 
location description message, geotagged image, user-contributed location, and 
moderator-positioned location. 
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Figure 33. Geoparsing location text: footprints and obstacle location using a provided 
location description message and a geotagged image. 
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Figure 34. Geoparsing location text: footprints and obstacle location using a provided 
location description message, geotagged image, user-contributed location, and 
moderator-positioned location. 
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CONCLUSION AND FUTURE RESEARCH 

Conclusion	  
This thesis provides insight into benefits and shortcomings of the social approach 

to quality assessment of VGI, as well as various methods of validating position in 

geocrowdsourced data. The study on moderator consistency supports developing quality 

assurance practices for local VGI applications that involve small user communities and 

datasets. Currently there are no universal standards for the positional and attribute 

accuracy of VGI, though studies such as Haklay (2010) and Girres and Touya (2010) 

provide a good benchmark, finding OSM road networks to be within an average of six 

meters from an authoritative data source. The positional data obtained from the GMU-

GcT through the moderation process was found to be, on average, within six meters of 

the authoritative data source, or “ground truth” data set. This demonstrates that the 

moderation process to quality assuring the position of crowdsourced data is consistent 

with other VGI quality assurance studies, as summarized by Table 1. Although the 

positional error in the GMU-GcT is consistent with these previous findings, the main 

importance is that positional error of reported obstacles is low enough for the data to be 

used in eventual routing. Because report locations are used in the GMU-GcT for routing 

purposes, it is crucial that obstacle reports intersect with the student-built pedestrian 

network, digitized from the center of pathways in the most current version of Virginia 

Base Mapping Orthoimagery from the Virginia Geographic Information Network 
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(VGIN). To ensure that obstacle reports intersect with the pedestrian network, they are 

buffered five meters from the obstacle location provided by the moderators. As long as 

moderators remain within the expected positional error of less than six meters, the 

technique used for validating position in the GMU-GcT is effective given the current 

procedures for routing. Currently, the proposed method has worked for alerting end-users 

of potential obstacles, so the GMU-GcT will continue to use this social method of 

evaluating the existing parameters of data quality, including position, obstacle type 

categorization, obstacle duration, and urgency.  

The use of additional positional descriptors, including image geotags and text-

based georeferencing, are also presented as effective methods of validating position in 

geocrowdsourced information. However, this thesis solely provides a preliminary 

investigation into the use of these methods for position validation. Several geotagged 

images of an object have the capability of providing an accurate location of the subject 

when the geotags are combined with the camera’s viewing direction, however, this is 

completely dependent on the accuracy of the GPS and digital compass. It may be 

advantageous to repeat the study but with better equipment that has more advanced GPS 

and compass capabilities. This thesis has also shown that text-based georeferencing is 

advantageous in providing a spatial footprint when using a detailed gazetteer. 

Other universities can gain insight from this research if they wish to improve 

overall accessibility on their campuses. According to Karimi et al. (2014), most 

American universities do not prioritize accessibility, stating that only 20 universities 

provide accessibility maps marking pathways that are compliant with the Americans with 
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Disabilities Act. There is a need for university campuses to be accessible for the 

community as a whole, including those who have mobility and visual impairments. The 

GMU-GcT can act as a prototype if other universities wish to implement crowdsourcing 

in reporting inaccessible pathways, as well as provide a method of ensuring that 

contributed information is valid and beneficial to the user through the moderation 

techniques utilized by the GMU-GcT.   

It is important to note that this research merely provides a preliminary look at the 

effectiveness of the social approach to VGI quality assurance. This thesis demonstrates 

how the moderation process is implemented and how it was tested for consistency 

amongst a team of three moderators, to see if this is truly an effective method for 

representing an authoritative data source. What can be gathered from the research 

presented is that social moderation processes are not 100% accurate, even with thorough 

training. Camponovo and Freundschuh (2014) note that categorical misclassifications can 

be mitigated if proper training and documentation are provided for those doing the 

quality assessment. The moderators for the GMU-GcT were thoroughly trained and 

instructed to follow a rubric when moderating reports, though there were some 

inconsistencies in positioning and obstacle type categorization amongst the moderators as 

well as compared to the ground truth. This may demonstrate that uncertainty is 

unavoidable, especially when relying on a small team.   

Another question raised by this research was the effectiveness of using a team of 

moderators. The GMU-GcT utilizes multiple moderators, though there are typically only 

one or two individuals who quality-check incoming reports, and each report is moderated 
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by only one individual. This study compared the individual modifications made by three 

GMU-GcT moderators, emulating a scenario in which each of the moderators would be 

acting as the sole moderator for the GMU-GcT. In assessing positional error there was 

one moderator who had a lowest average positional error by about two and a half meters 

(3.55 meters), and similarly, there was one moderator who had the best categorical match 

rate for obstacle type. This suggests that the use of multiple moderators in VGI quality 

assessment procedures may hurt the overall quality of the data when moderators are not 

making joint decisions. In small, local VGI services, it may be more beneficial to either 

have one individual responsible for making moderations, as long as they are good at it, or 

alternatively, implement a team of moderators who work together and make collective 

decisions for moderating position and categorical attributes for each report. Future 

research should investigate which of the two approaches produces better results. 

Though geocrowdsourced data always contains uncertainty, the benefits and 

potentials of crowdsourcing are significant. Crowdsourcing has enabled the George 

Mason University community to improve accessibility for the mobility- and visually- 

impaired by alerting the community of hazards in near real time, which otherwise might 

not be captured on a static map. The use of VGI in enhancing accessibility by providing 

information regarding temporary hazards has proven to be beneficial. In local VGI 

services, the social approach to ensuring quality information may be the best option, 

though this method does not provide the quality assurance benefits provided by millions 

of users, such as with services like Waze or OpenStreetMap. With the rapid increase in 

public data sharing and the shift towards using open data (as noted by Elwood et al. 2012 
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and others), it is critical that geocrowdsourced information becomes a reliable and 

credible data source through continued research on quality assurance methods for VGI. 

Future	  Research	  
This research demonstrates that the quality assurance method used for the GMU-

GcT is useful based on the data’s use and the resources available. However, it should be 

acknowledged that while the social method of ensuring data quality works for local 

projects like the GMU-GcT, it might not be as useful for other geocrowdsourcing 

projects. This is because utilizing a team of moderators can be expensive and resource 

intensive, and requires field validation, which suggests a small region that can be covered 

quickly. An increase in subsequent research should continue to address this issue in 

efforts to determine the best methods of ensuring geocrowdsourced data quality. More 

research can be done on how the use of multiple moderators can improve data quality—

does data quality improve if moderators’ edits are built upon one another? How can it be 

determined that moderation is a sufficient method for quality assurance? 

The effectiveness of team moderation in validating position was addressed in this 

research, though the effectiveness of evaluating categorical attributes, as well as the use 

of geoparsed text and image geotags in validating position, have only briefly investigated. 

Better methods of assessing categorical consistency for the GMU-GcT will soon be 

evaluated and assessed using inferential statistical methods. Also, the categorical 

consistency analysis should be redesigned with a more methodical approach, perhaps 

without pre-selecting obstacle type in the original report, to see if moderators rely on the 

influence pre-chosen obstacle characterization. The use of image geotags to validate 
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position should be further investigated using a more sophisticated camera, which will 

hopefully have better GPS and compass bearing capabilities. 

 Pertaining to the overall quality assessment metrics introduced in this paper, 

future research should also include what how to improve the provisional quality 

assessment metrics via a sensitivity analysis—which variables should be weighted more? 

Do the variables need to be weighted to provide an adequate quality assessment score? 

Current research on how to specifically measure quality is extremely limited, albeit is 

necessary when attempting to promote geocrowdsourcing as a respectable method of 

attaining data. 
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APPENDIX 

Moderator	  Rubric	  

Position	  
After report has been field checked, drag the locator icon on the map to the exact location 
of the center of the obstacle being reported. You will need to zoom in as much as possible 
in order to get the most accurate position possible. Once the locator icon is in the correct 
position, click on it to retrieve the latitude and longitude coordinates. Copy and paste the 
latitude and longitude coordinates separately into the appropriate fields on the moderator 
report form. 
 
 

 

QA Scoring 

Max = 1 
Min = 0 
 
Positional error values of less than 1 m will receive 
the maximum QA score of 1, while positional error 
values greater than 1 m will be calculated using the 
inverse. Positional error greater than 400 m will 
receive a QA score of 0.  
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Location	  Description	  
Correct obvious misspellings and mistakes. If given location description is insufficient, 
please add information (intersecting streets, which side of the sidewalk, outside of which 
building, etc.). Please be concise and use appropriate location descriptions (e.g. right side 
of sidewalk heading West on University Dr., approaching George Mason Blvd.; directly 
outside lower level entrance of JC; etc.).  
 
 

 
 

QA Scoring 0 = no text provided 
1 = text provided    
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Obstacle	  Type	  
 

 
 
Select the correct obstacle type. If an obstacle fits multiple categories, make sure all 
appropriate categories are selected (do this by holding down CTRL as you make the 
selection). When evaluating an obstacle, consider handicapped users (blind pedestrian or 
wheelchair-bound user). 
 
 
Obstacle Type Description 

Poor Surface 
Condition 

Something is wrong with the surface of the pathway, e.g. cracks, flooding, 
ice, mud, uneven surface, etc.  
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Obstacle Type Description 

Sidewalk 
Obstruction 

An object partially or fully blocks a pathway. 
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Obstacle Type Description 

Construction 
Detour 

Construction requires rerouting, may be indicated by signs. 
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Obstacle Type Description 

Entrance/Exit 
Problem 

Door to a building is inaccessible (including inactive automatic door 
buttons). 
 
 

 
Crowd/Event A crowd or event occurring that could pose as an inconvenience (includes 

event equipment). 
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Obstacle Type Description 

Other An obstacle that does not fit into any of the other categories. 
 

 
(e.g. broken crossing signal) 

 
There are many cases where there are two categories that the obstacle fits into. For 
example, most crowd/event obstacles are also sidewalk obstructions (an example being 
when event equipment is blocking a path). Contributors can confuse a poor surface 
condition with a sidewalk obstruction; a poor surface condition becomes a sidewalk 
obstruction additionally when the sidewalk is completely inaccessible. For example, mud 
washed over a surface would be considered only a poor surface condition if the path can 
still be walked through without too much hassle, however, if there is a large 2-3 in puddle 
completely blocking a path, consider it a sidewalk obstruction as well.  
 

QA Scoring 
0 = no match 
1 = partial match 
2 = complete match 
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Obstacle	  Impact	  
 

 
 
 

 
Obstacle 
Impact 

Description 

Visually-
impaired 

Obstacles that would affect the blind and/or visually-impaired, i.e. large 
surface drops, sidewalk obstructions that can be avoided using visual 
mediation, low overhangs (tree limbs, ceilings, pillars, signs protruding into the 
walkway at head height, etc.). 
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Obstacle 
Impact 

Description 

Mobility-
impaired 

Obstacles that would affect users who are in a wheelchair or have other mobility 
issues, i.e. small surface drop-offs, steep paths, poor surface conditions, door 
obstructions, faulty automatic door button, sidewalk obstructions, barricades, 
narrow doorways. 
 

 
 

Both Anything that will affect both those with mobility and those visual impairments, 
e.g. large surface drop-offs, construction detours 
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Obstacle 
Impact 

Description 

Neither Obstacles that may not specifically affect visually-impaired or mobility-
impaired persons but are still worth of being reported, e.g. traffic issues, 
crowd/events, etc. 

 

 
 

Do not know Refrain from using this option.  
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Obstacle	  Description	  
 
This field should be carefully modified to produce a short, clear, concise, accurate 
description. We are aiming for somewhere between 80 -140 characters. This obstacle 
description likely be broadcast on our website and via external data feeds to authoritative 
folks, so be concise, descriptive, and clear. Avoid any subjective or judgmental language. 
Be factual.  

 

 

 
 

QA Scoring 0 = no text provided 
1 = text provided 
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Image	  Quality	  
 
Moderator Assessment Guidelines for Image Quality 

Quality Rank QA Score Description 

Missing 0 Image was not provided 

Low 1 Image has multiple issues 
Photo does not fully encapsulate obstacle and does not provide 
a reference point for obstacle’s location, or photo is blurry or 
of otherwise low quality that hinders ability to tell what the 
obstacle is or where it is located 

 

 
Medium 2 Image may have one issue but is useful has overall quality is 

good 
Photo may be missing a reference point to determine location 
(too zoomed in, no buildings in background), photo may be 
taken at night so it is difficult to see obstacle detail, or photo 
does not fully encapsulate obstacle 
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Quality Rank QA Score Description 
High 3 Image has no barring issues 

Photo was taken during the day, not blurry, provides a 
reference point (such as a building in background), fully 
encapsulates obstacle 
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Duration	  
 
Duration Description 

Short ( < 1 day) Obstacle will likely occur for less than 24 hours (most 
crowds/events, weather-related obstacles, etc.). 
 

Medium (1-7 days) Obstacle will likely occur for at least one day to up to a week.  
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Duration Description 
Long ( >  7 days) Obstacle will occur for over a week (most construction 

projects, etc.)  
 

 

 
 

QA Scoring 

0 = duration selected is not adjacent (short vs. long) 
1 = duration selected is adjacent (short vs. medium or 
medium vs. long) 
2 = correct duration was originally selected 
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Urgency	  
 

 
 
Use your best judgment when assessing urgency. Low urgency usually just indicates an 
inconvenience, while high urgency indicates a threat to safety for anyone. Medium 
urgency is anything in-between. 
 
Urgency Description 

Low Reports that are a minor hazard and inconvenience, but not a clear 
direct threat to safety, e.g. minor flooding, most poor surface 
conditions, etc. Low urgency obstacles can be easily avoided.
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Urgency Description 
Medium Reports that are a moderate hazard and/or require some rerouting. 

Obstacles that prevent a wheelchair from passing through the area 
are of medium urgency. 
 
 
 
 
 
 
 
 
 
 
 
 

High Reports that are a clear threat to safety and require a re-route, e.g. 
improperly fenced construction sites (open fences), un-barricaded 
holes/excavations, obstructions that would require end-user to 
navigate through the street, sharp/dangerous objects, etc. High 
urgency obstacles may be unavoidable. 

 
 

QA Scoring 

0 = urgency selected is not adjacent (low vs. high) 
1 = urgency selected is adjacent (low vs. medium or 
medium vs. high) 
2 = correct urgency was originally selected 
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Status	  
 
To confirm report, change the status code from 1 to 2. Once the map is refreshed, the 
report should have changed from yellow to red. 
 

Status Code Description 

1 Unconfirmed report 

2 Confirmed report 
3 Sub-obstacle 
4 Test report/trash 
5 Closed report 

 
If a reported obstacle is no longer relevant (the obstacle is not there anymore), moderate 
the report to the best of your ability, confirm the report (status code 1 à 2), calculate 
quality score, and then close the report (2 à 5). 
 

Moderator	  Score	  
 
This is subjective, with 5 essentially entailing a perfect report requiring no corrections, 
and with 1 being a report that contains no useful information whatsoever (and will be 
marked as status code=4). Use the table below as strict guidelines. 
 

Score Description 

1 Report contains no useful information whatsoever  

2 Report contains one useful piece of information but overall is not a 
good quality report, most fields needed correction 

3 Report is useful but missing some pieces of information such as an 
image or text description or was not in the correct location 

4 Very useful and complete report, but is missing some piece of 
information or required few corrections 

5 Nearly perfect report, does not require any correction 
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Weighting	  for	  Quality	  Assessment	  
 
Quality Assessment Variables Score Ranks Weight (%) 
QA: Temporal Consistency 0,1 7 6 
QA: Location (X,Y) Min=0, Max=1 2 17 
QA: Location text 0,1 8 5 
QA: Image Quality 0,1,2,3 3 15 
QA: Obstacle type 0,1,2 5 11 
QA: Duration 0,1,2 6 10 
QA: Urgency 0,1,2 4 12 
QA: Completeness 0-100 scaled to 0-1 9 4 
QA: Moderator Quality Score 1-5 1 20 

   100 
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