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} Barriers:  Print and Movement
} Wayfinding and Accessibility
} Non-visual mapping interfaces
} Rice et al. (2005), Golledge et al. (2005, 2006)
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} Accessibility facilitates equity, participation, access to 
public space, transit, employment

} Geoaccessibility uses maps, geospatial information, and 
GIS to understand obstacles and enhance access 

} Key: high-quality, high-resolution geospatial data and 
real-time updates

} Challenges: Modes of  communication, infrastructure, 
interaction dynamics 
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} Web application
} Google Maps, Sencha

Touch
} Purpose: data collection



} V.2
} Turf, Mapbox
} Primary: Obstacle interaction 

with movement
} Latency issues





} Swift for iOS
} Responsive
} Modes: Explore/Routing
} Chimes/cues
} 100 ft. interaction buffer 
} Stable trajectory/compass









Quality Assessment Studies:
} National Map Accuracy Standards, NSSDA, GIS
} Haklay (2010), Girres and Touya (2010): Horizontal Positional Accuracy of  

OSM data is +/-6 meters   [“Haklay Distance”]
} Goodchild & Li (2012) Quality Assessment methods for VGI
} Camponovo & Freundschuh (2014):  Accuracy of  attributes, categorization
} Good review:  Senaratne et al. (2018)

Elements of  Spatial Data quality (Guptill and Morrison 1995, Veregin 1999)

Positional 
Accuracy

Attribute 
Accuracy Completeness Logical 

Consistency
Semantic 
Accuracy

Temporal 
Accuracy Lineage Usage

https://onlinelibrary.wiley.com/doi/full/10.1111/j.1467-9671.2010.01203.x
https://doi.org/10.1016/j.spasta.2012.03.002
https://doi.org/10.1080/13658816.2016.1189556


Social Approach

Project researchers field 
check and moderate 
crowdsourced data

Crowdsourced Approach

Based on Linus’ Law; if  
enough people contribute, 
errors will be corrected 
(Haklay et al. 2010)

Geographic Approach

Crowdsourced data is 
compared to official data 
and known geographic 
phenomena

Elements of  spatial data quality (Guptill and Morrison 1995, Veregin 1999)

Goodchild and Li (2012) Three methods of  assessing VGI data quality:

Positional 
Accuracy

Attribute 
Accuracy Completeness Logical 

Consistency
Semantic 
Accuracy

Temporal 
Accuracy Lineage Usage

Our approach:  Social moderation à hybrid crowdsourcing













Haklay et al (2013) “How Many Volunteeers… ”
} Experimentation (2018, with T. Williams)

} 19-21 contributors
} Mobile phone-based app
} 13 features of  various sizes

https://www.tandfonline.com/doi/abs/10.1179/000870410X12911304958827




0 5 102.5 Meters

Location A: Clock Tower

17.1m

5.9m

11.0m

7.9m

7.2m

6.4m

10.6m 11.7m

13.0m

3.6m

9.2m

13.1m

2.6m

8.1m

30.4m

average error (n=21): 3.9m

average error (n=1): 8.4m

} 21 contributors

} Calculation of  
every subset

} n=1, 21!/1!*20!
} n=2, 21!/2!*19!
} . . . 
} n=21,

} n=1, 8.4m
} n=21, 3.9m



0 5 102.5 Meters

Location C: George Mason Statue

26.7m

7.2m

19.0m

16.9m

5.8m
7.0m

6.1m

8.7m

6.8m

2.3m
3.7m

5.2m

27.0m

27.5m

average error (n=1): 9.1m

average error (n=21): 4.7m

} n=1, 9.1m
} n=21, 4.7m







} Quality assessment of  collective data is essential
} 3 ways to do it: social moderation, geocrowdsourcing, 

rules-based approaches (Goodchild & Li 2012)
} Social moderation (moderator field check, fix errors) 

can work well for small areas, but is expensive
} Categorization is difficult, even for trained data 

contributors
◦ Problems: semantic, ontological, perceptual

} There is a need for a simpler system with automation
} Our current approach: image-based, collective 

positioning



} Our current approach: image-based, collective 
positioning

} 4-5 independent contributors achieved < 6.0m of  
positional accuracy 





} Old measure (1906)
} Fréchet Distance for curves P and Q, from Brakatsoulos

et al. (2005) 





} Web application
} Google Maps, Sencha

Touch
} Purpose: data collection



} Swift for iOS
} Responsive
} Modes: Explore/Routing
} Chimes/cues
} 100 ft. interaction buffer 
} Stable trajectory/compass





Obstacle 11

Platform:
Web App

Interaction
Walking Speed



Obstacle 11

Platform:
Web App

Interaction
Biking Speed



Obstacle 11

Platform:
Mobile App

Interaction
Walking Speed



Obstacle 11

Platform:
Mobile App

Interaction
Biking Speed





} Two barriers for persons with 
vision/mobility impairment: print and 
movement

} Physical accessibility can be facilitated 
with information from maps, GIS, 
spatial modeling, and geocrowdsourcing

} A major factor in the usefulness and 
quality of  this information is temporal 
relevancy.  

} Geocrowdsourcing is a key to  quickly 
gathering relevant data. 
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} Quality assessment (QA) methods, 
borrowed and modified from GIS, 
have been used successfully in many 
projects

} Recent QA approaches are based on 
image data and time/location elements 
from mobile apps

} Interaction dynamics, based on QA 
and GPS uncertainty, have been 
explored to better understand the use 
of  the collected data.

} Native mobile apps can provide 
proximity-sensitive warnings for 
crowdsourced obstacles



2012: https://apps.dtic.mil/sti/pdfs/ADA576607.pdf
2013: https://apps.dtic.mil/sti/pdfs/ADA588474.pdf
2014: https://apps.dtic.mil/sti/pdfs/ADA615952.pdf
2015: https://apps.dtic.mil/dtic/tr/fulltext/u2/1001943.pdf

https://apps.dtic.mil/sti/pdfs/ADA576607.pdf
https://apps.dtic.mil/sti/pdfs/ADA588474.pdf
https://apps.dtic.mil/sti/pdfs/ADA615952.pdf
https://apps.dtic.mil/dtic/tr/fulltext/u2/1001943.pdf
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