
 
 
 
 
 

Proceedings of the  
GeoHCI Workshop 

 
in conjunction with ACM CHI 2013 

 
 
 
 
 
 

                        supported by  



ikonings
Getypte tekst

ikonings
Getypte tekst
I



ikonings
Getypte tekst
II



ikonings
Getypte tekst
III



ikonings
Getypte tekst
IV



Author Index

Adams, Anne 9

Bentley, Frank 1
Brumby, Duncan P. 46
Buhalis, Dimitrios 57

Capra, Licia 42
Chalmers, Dan 33
Cramer, Henriette 3
Cutrell, Edward 54

Dedual, Nicolas 5
Delikostidis, Ioannis 23
Dix, Alan 7

Fatah Gen. Schieck, Ava 46
Feiner, Steven 5
Fitzgerald, Elizabeth 9

Gatzidis, Christos 57
Giannopoulos, Ioannis 12
Goldberg, Daniel 14
Gorman, Sean 49

Haklay, Muki 16
Hochman, Nadav 19
Hölscher, Christoph 21

Kiefer, Peter 12
Kray, Christian 23

Lima, Antonio 25

Manovich, Lev 19
Masli, Mikhil 27
Minock, Michael 30
Mollevik, Johan 30
Montello, Daniel 21

Musolesi, Mirco 25
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Investigating the Place Categories Where  
Location-Based Services Are Used  

Frank Bentley 
Motorola Mobility Applied Research Center 

Libertyville, IL 
f.bentley@motorola.com  

 
ABSTRACT 
Location-based services are being used in a wide variety of 
places. However, not all services are used in the same types 
of places with the same frequency.  We are beginning to 
investigate the place categories where a variety of location-
based services are currently used.  This position paper will 
begin by analyzing the differences between Foursquare and 
our location-based video sharing platform StoryPlace.me, 
highlighting key differences in places of use that arise 
based on the focus and design of each service.  

Author Keywords 
Location-Based Services; Place; Urban Computing. 

ACM Classification Keywords 
H.5.m. Information interfaces and presentation (e.g., HCI): 
Miscellaneous.  

General Terms 
Human Factors; Design. 

INTRODUCTION 
Mobile location-based services are becoming increasingly 
popular. Services such as Foursquare have over 25 million 
users [1] and are being integrated into the places of daily 
life. These new services require specific user interactions to 
share location information and differ from earlier systems 
that continuously shared location in the background. A 
variety of these new services exist and each has its own 
community, interaction style, and supported uses. These 
factors can impact not only with whom a person decides to 
use a particular service, but also the types of places where 
the service is explicitly used. Some services might be used 
more in restaurants and bars as a way to invite others or 
share favorite spots, while others might be used in parks or 
zoos to share media of family experiences with relatives. 

It is these differences in places of use that we are interested 
in and will begin to explore in this position paper. We will 
explore two quite different location-based services, 
Foursquare and StoryPlace.me, and investigate the 
differences between the place types where they are used. A 
larger activity of investigating usage data from other 
location-based services is an ongoing activity that we hope 
to be able to report on at the workshop. 

 

THE SERVICES 
Many location-based services exist in public use. For this 
initial analysis, we will choose two that are quite different, 
but we are also interested in exploring differences between 
services that have similar use cases and interaction styles. 

Foursquare 
Foursquare is a location-sharing service that enables users 
to “check-in” to specific venues to share their location with 
friends, create a record of the places they visited, and to 
earn points and badges. The use of the service in daily life 
has been studied by Cramer et al [4] and Lindqvist et al [5]. 
As of late 2012, the service had over 25 million users and 
was supported on a variety of mobile operating systems 
including Android, iOS, Windows Phone, and Blackberry. 

In this analysis, we will use a Foursquare data set from 
2011 [6] that was released to the Wall Street Journal. This 
data set includes all checkins in New York City and San 
Francisco, two cities where the service is heavily used, in a 
one-week period. 

StoryPlace.me 
StoryPlace.me [3] is a location-based service that we 
originally designed to promote the sharing of family stories 
between generations. The system allows users to record 
videos and save them to real world locations for 
specifically-designated recipients. When a recipient walks 
near the location of a story, their phone vibrates and they 
can watch the video in the real-world location where it was 
saved. Currently, there are over 1,200 registered users.  

There are two data sets from the StoryPlace.me system. The 
first comes from privately shared stories. While we do not 
have access to the content of the videos, we do have access 
to the metadata for the location of each story and the title. 
Based on this, we have manually classified 139 stories into 
the Foursquare location categories for comparison. 

The current public-beta version of the system also supports 
professional content and several content owners, such as 
WTTW and WNET (public television stations in Chicago 
and NYC), the Chicago Office of Tourism and Culture and 
The Points of Light Foundation in Washington DC, have 
contributed location-based videos to the system for others 
to discover. This second StoryPlace.me dataset contains the 
number of views on the 261 videos provided by these 
professional content sources.  

Copyright is held by the author/owner(s). 
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INITIAL FINDINGS 
The distribution of place types where each service was used 
can be seen in Figure 1. Several differences are 
immediately apparent. StoryPlace.me is used much more 
frequently in parks, outdoors, arts, and entertainment 
venues, while Foursquare is used much more frequently in 
food and nightlife related venues. Within the StoryPlace.me 
data sets, there is a higher representation of arts and event 
places in the professional content over the personal content. 

There are many reasons that can lead to these differences. 
The focus of Foursquare is more about instantaneous 
sharing, which here is shown by its prevalence in food, 
nightlife, and travel categories. These are places where 
others are likely to meet up and sharing these locations can 
aid in coordination of later meet-ups. In contrast, 
StoryPlace.me is more focused on sharing important life 
events with others. These are more likely to be larger, more 
memorable events and, as we showed in [2], important 
places in the city tend to exist in these categories. 

DISCUSSION 
Various aspects of a service can impact the places where it 
is used. As HCI researchers, we should be studying not just 
the interactions on the screen, but also the interactions in 
the real world that the on-screen interactions afford. 
Various types of services will lead to heavy use in 
restaurants, bars, and other everyday locations while others 
may be more prominently used in places such as arts or 
parks.  

When designing a service, understanding the types of 
places where it will be used can help to create a better 
interaction for the user. Understanding the types of people 
that users are likely to share with in different locations as 
well as the type of content that they would like to share 
there become important aspects of the design. In quieter 
environments of parks and outdoors, it is easier to capture 
audio or video, for example. Or in more social 
environments such as restaurants and bars, quick 
interactions become increasingly important so as not to 
distract from the other people that one is there with. In 

some places, awareness and real-time updates might be 
important to increase the chance of spontaneous meet-ups. 

A deeper investigation into the place types where services 
are used as well as the features of each system is necessary 
to better understand the interaction between a service and 
the place categories where it is used, and this is ongoing 
work. By the time of the workshop, we expect to have data 
about other services as well as a comparison to other types 
of “important” places, such as those from the Milgram Map 
studies. Understanding where location-based services are 
used helps to move beyond the analysis of the on-screen 
interactions towards how these services integrate into the 
places of our everyday lives. 
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Cramer for discussions on place types across services. 
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Figure 1: Place types where Foursquare and StoryPlace.me are used. Each bar represents the percent of use that occurred in a 
specific category for a particular service. 
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Understanding ‘there’ on a human scale. 
Henriette Cramer 
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ABSTRACT 
This position paper outlines a number of lessons learnt in 
studies surrounding location-based services, with methods 
ranging from the collection of personal hand-drawn maps, 
photos and stories, and workshops, to web-scale analysis of 
millions of local data points. These all emphasize the 
importance of focusing on the ‘human scale’ when 
designing for new local experiences and using local data.  

Author Keywords 
Location-based services, mobile, urban, maps, geo 

INTRODUCTION 
Location-based services have gained a huge amount of 
attention, and location and ‘place’ are hardly new research 
topics in HCI. However, we still operate in relative 
isolation from the fields that have long-standing traditions 
in understanding people’s relationships to the built 
environment. Below a number of challenges are outlined, 
ranging from implementation of the concept of ‘location’, 
usage of location-based services and the creation of local 
(mobile) experiences, using the web-scale data that they 
generate, to people’s ties to their local surroundings, where 
shared efforts would be much welcome.  

THE WORLD ISN’T A COLLECTION OF POINTS  
Cities are not simply collections of destinations. Cities have 
character, and there’s ‘life between buildings’ (Gehl, 2010). 
The pleasure of visiting a city does not lie in just visiting 
the venues within it, it is the experience of traversing its 
streets, experiencing its potentially unique atmosphere. The 
potential of cities lies in their human meetings, not in their 
physical buildings (Glaeser, 2011). However, it appears that 
many of us in HCI and developers of location-based 
systems focus on getting to end-points, venues, rather than 
the experience of ‘being there’ and the journey along the 
way. While this often is a rather practical decision, it does 
seem an opportunity is being lost. As stated by Doersch et 
al, (2012): “‘the look and feel’ of a city does not depend on 
a few famous landmarks, but on a set of stylistic elements, 
the visual minutiae of daily urban life”. And this does not 
even address yet the experience of actually being in a city, 
rather than just seeing its parts. 

Location is not just ‘a data point’.  
Even from an implementation perspective, it is not a trivial 
question what ‘location’ is. For mobile services there is the 

question of whether location matters in whatever it is that a 
user wants to accomplish. When a ‘local intent’ is 
established, location can be sourced in a variety of ways.  
Users can ‘check-in’ at semantically named venues, or 
explicitly indicate ‘where’ they are looking for. Location 
can be implicitly inferred from e.g. user search input, from 
existing user profiles and cookies. Location can be gathered 
from user devices, gained from GPS, cell and wifi 
networks. Local circumstances, as well as user behaviors 
specific to a locale can play a role. Location cannot be 
considered separately from the dimension of time, even in 
just a practical sense of its last update. Additional issues 
arise when processing geotagged content (Rost et al., 2012), 
or when aiming to connect data with physical ‘things’ to 
facilitate interactions with the physical environment. A one-
size-fits-all location model doesn’t exist - and these 
practical notes do not even begin to touch the discussions 
on the core of space and place in the CHI community that 
many of us are familiar with, let alone the emotional and 
social experience in place. 

Being able to surface local content is not necessarily 
addressing the experience in place. One particularly 
interesting example are location-based recommendations, 
now standard practice across many platforms; mobile ads, 
foursquare, Yelp, etc. Interestingly, research on people’s 
experience of local recommendations in situ is still lacking. 
At a recent workshop at RecSys (Cramer et al., 2012), we 
found that even local recommendation researchers, 
encountered new issues when using recommendations to 
‘walk around and go places’ in social, outdoors contexts.  

HUMAN-SCALE LARGE DATA 
Web-scale data streams which include location offer a 
wealth of opportunities in analyzing human behavior, local 
differences and trends ranging from characterizing 
neighborhoods based on user-generated venues within them 
(Cranshaw et al., 2012), to using social media and transit 
data to infer deprivation (Smith, 2011; Quercia et al., 2011). 
We do need to be well aware that both sensor and user-
generated data do not necessarily mirror all human activity. 
One of the insights from work analyzing location-sharing 
data, specifically working with foursquare check-ins (Rost 
et al., 2013), was that rather than asking whether data is 
‘representative’ of local activity, we should first understand 
what the data represents itself, and the communicative 
patterns that it is the result of. Users for example have a 
variety of motivations to share or not share their location; 
and turns location from a ‘property’ that users have into a 
social performance that affects which data points are 

Copyright is held by the author/owner(s). 
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present, and which are not (Cramer et al., 2011). This 
makes it absolutely crucial to have human-scale qualitative 
studies inform large-scale data analysis.  

GETTING AT THE PERSONAL & SMALL 
To get more insight in people’s views of their cities, and the 
potential influence of technology usage, we performed 
adaptation of the 1970s Mental Maps study by Milgram. 87 
participants drew us a map of Chicago, and answered 
questions about the city’s neighborhoods (Bentley et al., 
2012); a follow up in Stockholm, Sweden, involved 80 
participants. Interestingly, outdoors spaces and arts were 
most represented categories, different from the focus of 
most location-based services. We found that individual 
differences were bigger than tech influence. Participants 
also reported not knowing most of their city ‘well’, in 
Chicago for example participants reported only knowing 
2.1 neighborhoods listed by name, landmarks from 5.3 
neighborhoods on average (out of 95). A general 
opportunity for discovery close to home is available, and 
many participants shared stories and characterizations of 
places, neighborhoods that are currently not represented in 
location-based services, but it can be challenging to get at 
the essence of the elements included. 

Small Spaces  
To further get at the places that people we conducted an 
online survey in spring 2012 to investigate small spaces in 
cities that evoke particular emotions. Among other 
questions, we asked participants (avg age 31, mostly EU & 
US) to describe places that made them happy/sad/surprised 
them/etc. 63 participants provided us with information on 
places that made them happy (see fig 2 for example 
uploaded pictures).  Striking was not only that the ‘happy 
places’ were mostly outdoors (54/60) as opposed to sad 
places being a more mixed set, but the combination of 
seemingly opposed characteristics: “[...] everybody takes a 
break there: hip-hop kids, young parents, elderly ladies with 
their shopping. What makes it special is that it is like an 
oasis in the middle of this huge Allee. It is calm, friendly 
and populated at the same time.” (right, fig 2). Many of 
these were also about memories, and history that could not 
be captured by simply analyzing the characteristics of the 
location of its own. Input from architecture, urban design, 

social geography etc. is crucial in going further than just 
these first steps.  Urban designers such as Jan Gehl (2010) 
offer a wealth of criteria for designing ‘good public spaces’; 
how these can be ‘translated’ for our purposes is 
challenging. We need to further develop the ways to get at 
these essential characteristics, while combining them with 
larger-scale projects. 

IN CLOSING 
There is enormous potential in analyzing large-scale data 
streams, in building local apps and physical experiences, in 
responsive architecture, and data-informed urban design. 
We however need to attend better to the aspects that really 
matter on a human scale, and for this, our disciplines need 
to familiarize ourselves with each others’ methods - and 
this includes not being afraid of being chastised by 
researchers in other fields with longstanding traditions in 
areas we are just discovering.  

ACKNOWLEDGEMENTS 
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Louise Barkhuus, Barry Brown, and Mattias Rost. 
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Fig. 1 Stockholm participant drawing (ingen aning=no 
idea, kalt=cold, coolt=cool, mysig =cozy etc.) 

Fig. 1 Example uploaded photos ‘happy places’ 
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ABSTRACT 
How can we design effective urban visualizations in aug-
mented reality when there are large numbers of points-of-
interest (POIs) to display? We present three issues we have 
encountered as we tackle this problem in our own research: 
inadequate support for browsing, limited visual real estate, 
and minimal use of abstraction.  

Author Keywords 
Augmented reality, information overload, urban visualiza-
tion. 

ACM Classification Keywords 
H.2.8 [Database Applications]: Spatial databases and GIS; 
H.5.1 [Information Interfaces and Presentation]: Multime-
dia Information Systems—Artificial, augmented and virtual 
realities; H.5.2 [Information Interfaces and Presentation]: 
User Interfaces 

 
INTRODUCTION 
Over the last few years, the amount of georeferenced in-
formation accessible to consumers has increased signifi-
cantly [8]. This can be attributed in large part to the mass 
adoption of “smart” mobile devices, which have popular-
ized the use of location-aware applications such as Face-
book, Yelp, Foursquare, Instagram, and Flickr. Some of 
these applications (e.g., Yelp) use augmented reality (AR) 
to visualize georeferenced information, such as “points of 
interest” (POIs). As AR becomes more pervasive across 
mobile and other platforms, we believe that location-aware 
AR applications will be the standard way to explore spatial 
information in the real world.  

In fact, there are already a number of commercial applica-
tions devoted specifically to browsing geospatial infor-
mation in-situ through AR (e.g., Junaio, Wikitude, and 
Layar). These “AR Browsers”, however, have not been 
widely adopted because of technical limitations causing 
poor registration, a paucity of relevant content, and a lack 
of information structure to help the user navigate the visual-
ization [6]. Regardless of these limitations, it is our belief 
that current AR visualization techniques are not adequate 
for presenting large numbers of POIs in a way that reduces 
the likelihood of information overload. Further, tasks that 
use large numbers of POIs will be commonplace in urban 

areas. 

In this position statement, we share some of the issues we 
have encountered in visualizing data in our urban AR 
testbed. As part of this work, we are experimenting with 
hundreds of POIs we have collected from a set of data 
sources including Yelp, Bing Search, Foursquare, 
CityMaps, and NYC 311 OpenData for the Flatiron district 
in Manhattan. 

ISSUES  

Inadequate support for browsing  
Browsing is “the process of exposing oneself to a resource 
space by scanning its contents” [3]. Browsing thus goes 
beyond simply presenting information to the user. It is a 
complex task whose mechanics are not well understood by 
most users [3]. In the spirit of Shneiderman’s visual infor-
mation-seeking mantra, Bates [1] and Chang and Rice [3] 
recommend that browsers need to support four stages of 
information exploration: 1) Glimpsing the information in 
the environment; 2) Selection and sampling of this infor-
mation; 3) Examining selected information in more detail; 
4) Deciding whether to keep or discard the selection. When 
interacting with a large number of POIs, it is crucial to be 
able to browse through them. 

Limited visual real estate 
Deciding on a visualization technique is not enough. AR 
presents both the real and the virtual world, which limits the 
effective area available for rendering the virtual world.  

One way to address this would be by calculating the small-
est number of pixels needed to effectively render a single 
POI to be able to identify it and interact with it. This is de-
termined in part by the visualization and interaction tech-
niques used, the display resolution and size, the location of 
the user’s eyes relative to the display, and the user’s visual 
acuity. How we filter POIs is also crucial. 

Minimal use of abstraction 
Passini [9] argues that, in the real world, anchoring signs 
and maintaining them in a consistent spatial organization 
assists users in creating their own cognitive maps, which 
greatly facilitates navigating and understanding the real 
world.  

Numerous AR browsers, from the Columbia Touring ma-
chine [5] to the majority surveyed by Schall et al. [10], fix 
their visualizations to positions in the real world. While this 
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is suitable for viewing geospatial information whose pro-
jected POIs do not overlap as seen from the user’s view-
point, this is rarely the case when viewing information at a 
distance, as POIs can cluster and occlude one another. View 
management techniques [2] are useful here, as they can 
ensure that POIs do not occlude one another. However, if 
users rely on the visualizations as a means of orienting 
themselves, view management techniques that change the 
position of a projected POI in the view plane may prevent 
users from forming consistent cognitive maps.  

One way to address this would be to render POI visualiza-
tions spatially wherever the POIs are situated, as long as 
they are neither obstructed by other visualizations nor oc-
cluded by the real world. Otherwise, POI visualizations 
would be abstracted, each representing a collection of POIs 
rather than a single one. This abstraction would be in both 
content and placement. POIs are abstracted in content by 
utilizing a visualization that encompasses the collection of 
POIs. While the abstraction of POIs in content is similar to 
level-of-detail interfaces [4] and to the filtering techniques 
of Julier et al. [7], each icon in these previous works instead 
represents at most one POI. POIs are abstracted in place-
ment when, once they have been abstracted by content, they 
are allowed to move over an area in the environment with 
which they are associated [2]. Figure 1, which is generated 
using our testbed, shows the Flatiron district with POIs ab-
stracted in both content and placement, and represented as 
pictograms. 

While the Nokia City Lens browser 
(http://conversations.nokia.com/2012/09/10/nokia-city-lens-
comes-out-of-beta/) provides a degree of abstraction 
through the clustering of POI visualizations, we believe that 
it should also be possible to abstract a group of POIs using 
a single visualization. If this is done recursively, each level 
of abstraction removes a level of specificity both spatially 
and contextually. Yet, this poses a number of problems: 
How should the levels of abstraction determined? (For ex-
ample, in depicting restaurants, we could partition based on 
many factors such as: cost, cuisine, rating, or reservation 
availability.) How should the decision to abstract POIs de-
pend upon task domain, user preference and real-world lim-
itations?  

CONCLUSIONS 
To summarize, there are numerous concerns that need to be 
addressed, as we seek to represent large numbers of POIs in 
AR. To create effective AR experiences using real-world 
data, further research is necessary to determine which tech-
niques and methodologies are most effective. 

ACKNOWLEDGMENTS 
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Figure 1. Grouped POIs rendered through a video see-through 
HWD viewing a table-top display in our urban visualization AR 

testbed. Each pictogram represents an abstracted category of 
services associated with the building on which it appears.  
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ABSTRACT 
Spatial and geographic cognition are not only important for 
designing mapping and mobile applications, they also 
underlie, at a metaphorical and neurological level, many 
other aspects of abstract and digital reasoning.  Digital 
maps need to respect this rich human understanding of 
space, which is not always found in the Cartesian regularity 
of standard maps.  Instead it is often embodied in quirky 
and irregular local maps and effective use of these 
alongside 'standard' maps is not only good for interaction, 
but can also be a statement of community empowerment.  
These and other issues are being explored in the author's 
ongoing practical work on mobile local heritage 
applications and a three month, 1000 mile, IT-focused walk 
around the entire periphery of Wales. 

Author Keywords 
maps, mental models, local empowerment, mobile user 
interfaces 

ACM Classification Keywords 
H.5.2 User Interfaces ; K.4.2 Social Issues; J.5 Arts And 
Humanities 

General Terms 
Human Factors; Design  

INTRODUCTION 
I have four reasons for interest in this workshop and topic, 
two dating back many years and two recent and current. 

First, I have a life-long love of maps: as a tiny child 
wondering at the coloured dots on a metal globe; on family 
holidays buying maps of seaside towns when others would 
choose sticks of rock; as a teenager finding old cloth maps 
of Welsh valleys and Turkish coastline amongst the old 
shoes and abandoned clothes after church jumble sales; and, 
still, the feel of folded paper, the magic of seeing clustered 
contour lines and enigmatic icons and finding myself, in 
imagination, transported to a distant place, the land under 
my feet and the vistas growing from the page into my mind. 

Second, for something like the last 15 years, I have had a 
professional interest in the way human spatial and 

geographic understanding and metaphors are intimately 
connected with our understanding of all information, and, in 
particular, how they inform the design of digital 
information 'spaces', whether 'navigating' menus, working 
out 'where you are' in an interface or (a now half-forgotten 
phrase) 'lost in hyperspace'. 

Third is the practical development of a mobile map-based 
application for opening up the archives of An Iodhlann, the 
local island heritage centre on Tiree, to make them 
available to visitors as they walk and drive in the landscape 
... a task made more complicated by the total lack of mobile 
signal on the majority of the island. 

Finally, in the months following CHI, I will be walking 
around the entire periphery of Wales, over 1000 miles of 
hillside and valley, rugged coast and wind-swept dunes, 
fading seaside towns and industrial docklands.  The walk is 
taking an IT focus, considering both the walker's experience 
and the local communities through which I pass. 

MAPS OF THE MIND 
There is obviously a close connection between the way we 
encounter spatiality and the rich way we talk about 
information and user interfaces.  While this language is 
sometimes metaphoric in a superficial sense, it almost 
certainly reveals deeper metaphorical connections of the 
kind Lakof suggests for simple spatial relationships [5].  In 
the past I have considered how this may help us as we 
design information spaces, both more spatially felicitous 
virtual realities and more schematic interfaces, from ATMs 
to the web [3].  It is known that many mathematicians use 
spatial parts of their brains as they deal with highly abstract 
concepts.  More speculatively, conjecturing that this reuse 
of spatial neurophysiology is both deeper and more general, 
I have investigated at a philosophical level the close 
relationship between the growing geographic understanding 
of the child and the way in which abstract concepts and the 
links between them form [4]. 

At a practical level, we have three zones of embodied 
spatial encounter with the world: a fully 3D body space; a 
2D/2.5D 'vista' space of what we can see, but need to walk  
to reach; and a more loosely topological and networked 
world of the obscured and distant.  The latter two are often 
conflated in discussions of spatial cognition. Maps,  

Copyright is held by the author/owner(s). 
GeoHCI Workshop at CHI 2013, April 27–28, 2013, Paris, France 
 

ikonings
Getypte tekst

ikonings
Getypte tekst
7



 

  

especially older, local and personally drawn maps, can 
reveal these internal spatial models, but maps are also a 
way in which we shift between these zones, bringing the 
distant out-of-sight world into body space.  

WONKY MAPS AND LOCAL EMPOWERMENT 
It has never been easier to create your own maps, creating 
data mashups with Google Maps and similar tools and 
embedding them in web pages.  This has benefited tourism 
and commerce, and has also revolutionised many areas of 
social activism, allowing open government data and other 
public (or leaked) data to be visualised in ways that may 
subvert or offer alternative views to the official narrative.  

However, like all maps, digital mapping embodies a 
particular politics and world view [6].  As you zoom in and 
out of a Google map the locality becomes no more than an 
insignificant fragment in a wider world, the lover's lane or 
skating pond reduced to WGS84 coordinates.  This is often 
seen as the true/proper/definitive map, but individuals and 
communities do not perceive the world in this Cartesian 
straitjacket: Steinberg's "View of the World from 9th 
Avenue" is not a Mercator projection. 

Local maps emphasise significant places and routes, 
'distorting' geometry or scale, maybe shifting a road slightly 
from the coastline to make it more legible, The An Iodhlann 
project and the Wales walk seek to use local maps (e.g the 
mural map, Fig. 1) as well as 'standard' Ordnance Survey 
maps, partly for reasons of familiarity and connection to 
existing paper leaflets and books, and partly as an 
expression of local identity and empowerment, rather like 
Common Ground's 'Parish Maps' project in the 1990s [1].   

I am using Delaney triangulation with linear interpolation 
(augmented to extrapolate to map boundaries) to perform 
rubber sheeting, as is common for historical maps [7], 
although always to geo-code features and location onto the 
map, not distort the map itself.  However, this is not perfect, 
sometimes introducing anomalies, especially when linear 
features, such as roads, are used as reference points. 

OUR FEET TELL OUR STORIES 
For the walk linear maps will also be needed.  Geography 
and narrative, place and identity are intimately bound.  This 
is common in older maps (e.g. [2]), and is also true today 
which becomes evident when you ask people to draw their 
own maps.  Routes are more about points of personal 
significance than geographic coordinates.  How can we 
create digital interactions that harness the power of GPS 
and global mapping and yet still invite a personal encounter 
with the path beneath our feet? 

WHERE PATHS AND PLACES MEET 
Recent conceptualisations of space and place are often in 
terms of threads or trajectories, the anonymous flows of 
strangers through airport or service station, or the long-term 
meeting of life paths of next-door neighbours.  The long-

distance walker, like the nomad, cuts across the bounds of 
space, threading together through movement the more 
tightly bound hanks of each location. 

As a researcher this is methodologically both deeply 
embedded and certainly embodied, and yet one is also 
stranger, interloper, outsider – spaghetti-western science.  
At a cartographic and interaction level how does one 
transition between the maps of movement and the maps of 
locality? 
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ABSTRACT 

This position paper gives exemplars of location-based ‘in 

the wild’ learning and their relationship to GeoHCI, and 

also describes the challenges and research questions 

inherent in doing so. We present several projects that 

encompass both formal and informal learning experiences. 

We discuss the issues arising from the use of outdoor in the 

wild ‘blended spaces’ to change geoscience practices, 

together with a suggestion that we should also be 

considering a more responsible and scalable approach when 

designing these interventions. 

Author Keywords 

Location-based learning; mobile media; mobile learning; 

GeoHCI; responsible design; research challenges. 

ACM Classification Keywords 

H.5.1 Multimedia Information Systems (Artificial, 

augmented, and virtual realities; audio input/output); H.5.3 

Group and Organization Interfaces (asynchronous 

interaction; asynchronous interaction; computer-supported 

cooperative work).  

INTRODUCTION 

Formally-managed field trips ‘in the wild’ are a popular 

way of providing students and school opportunities to carry 

out environmental fieldwork or to visit sites of historical or 

cultural interest. Likewise, visiting ruined castles, nature 

reserves or just wandering around a new city are popular 

leisure activities that can provide opportunities for informal 

learning by members of the general public.  However, 

designing effective educational experiences can be a 

challenge that technology can overcome. We need to know 

what resources are available and how they can be used 

appropriately to help learners achieve their tasks and goals 

in a timely manner. This paper gives examples of learning 

in outdoor settings and considers what the main research 

questions and issues are, in relation to educational GeoHCI. 

BACKGROUND 

The authors of this paper have extensive involvement in 

designing both formal and informal learning experiences in 

outdoor settings. Some of these are documented here: 

Distributed Fieldwork 

The Out There In Here (OTIH) project [1] looked at 

distributed technology support for collaborative geoscience 

fieldwork experiences. One group in a laboratory worked 

together with an outdoor field group, in real time. The 

project explored requirements of designing for distributed 

and co-located technologies (tabletops, large screen 

displays, tablets, mobile phones), issues of spatial 

coherence and deictic communication.  The project also 

identified how technology enhanced distributed 

collaboration increased field-based reflections. 

Geolocated Media and Augmented Reality (AR) 

Building on earlier work into placement and activation of 

geolocated media (e.g. mScape [9]), we developed further 

the overlaying of digital information on maps, often 

integrated with journeys through a physical environment. 

Augmenting the Visitor Experience (AVE) 

The AVE project investigated different hardware and 

software for effective place-based information provided to 

tourists visiting a National Park, carried out as part of a 

university  geography field trip [8]. The study used printed 

acetates, Personal Digital Assistants (PDAs), a head-

mounted display (HMD) and laptop, tablet computers and 

mobile phones and a range of software (Google Earth, 

mScape, AR apps such as Layar, and customized mapping 

apps). Innovative ‘high-tech’ solutions, such as the HMD, 

were less suitable for tourists, due to the weight and low 

robustness of the kit, high purchase costs and technical 

overheads in setting it up and maintaining it. However, 

simpler solutions (e.g. printed acetates and mobile phone 

apps) ranked highly, due to usability and relatively low 

costs. 

Place-based Audio 

The AVE project found that audio was often more 

compelling for learning in the outdoor environment than 

visual displays, due to issues such as screen glare and the 

difficulties for users in trying to shift cognitive focus 

between a large visually-stimulating landscape and the 

graphics seen on the small screens of handheld devices.  

Further work therefore examined the design of effective 

audio guides [6] and also compared a ‘person-led’ 

historical walk with a ‘technology-led’ equivalent, where 

handheld devices provided the same audio at the same 
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locational points in both studies. Audio narratives, on the 

1831 Reform Riot, were delivered by members of a local 

community history group [7]. Each walk offered different 

affordances but the use of authentic locations was a key 

feature for providing an immersive and engaging way of 

learning about local history. One important question arose 

from the work, questioning the issue of granularity in terms 

of what constitutes ‘local’ when considering historical data, 

events and sources and how this affects the learners’ 

experience.  

Situ8 

Situ8 is work in progress that examines how we capture 

and deliver geolocated media on-the-fly, authored by the 

general public, to promote and enhance engagement with 

our outdoor surroundings. Such engagement could result in 

ad hoc learning [5], location-based games or simply a way 

of  recording and reflecting on our experiences with our 

physical environments (a possible ‘next step’ from holiday 

photos – facilitating a rich multimedia scrapbook of 

memories). Initial development led to the creation of an 

Android app (see Figure 1); follow-on funding has enabled 

further development to create a related web portal. User 

trials planned for Summer 2013 will utilise citizen science 

and gathering field data as key scenarios for Situ8, and the 

results of this work will be published in due course. 

 

 
 

Figure 1. The Situ8 Android app 

 

WIDER QUESTIONS AROUND EDUCATIONAL GEOHCI 

Some intriguing questions have emerged from our work in 

location-based learning. These can be broadly considered 

under the following headings: 

Technology Promoting Environmental Engagement  

Situ8 is investigating how technology can facilitate use of 

the physical environment as a personally-meaningful 

resource so that we feel a deeper connection to our 

surroundings. But what are the benefits in doing so? Can it 

affect our health and well-being – or is it a way in which 

we can return to the pre-industrial days where we might 

have had a more symbiotic connection to our local 

environment? 

Relationship Between Place and Space 

The OTIH project asked what kinds of interaction turn an 

in-the-wild physical ‘place’ into a culturally and socially 

constructed ‘space’ [4]? How do the affordances of these 

differ and how are these differences important when 

designing for technology-enhanced collaboration and 

learning experiences? 

Affordances of Blended Spaces 

‘Blended spaces’, where physical and digital spaces come 

together [3], can provide rich environments for learning 

and were considered carefully into our work into place-

based audio. How can we design these spaces effectively so 

that interactions successfully combine these two 

components – either seamlessly or seamfully? 

Contextually-relevant Information 

In attempting to bring together location and digital content 

for learning, there is a danger that the quantity of 

information or the mode of its presentation becomes 

overwhelming for the learner. These were issues in both the 

place-based audio and the AVE projects. How can we (or 

should we?) adapt – or personalize – this information so as 

to reduce cognitive load and potential cognitive dissonance 

for learners whilst also enabling a stimulating experience? 

DESIGNING RESPONSIBLY 

Lastly, this research ties in with a recurring theme from our 

research: the notion of responsible scalable innovation. 

Much of our work has involved non-academic partners and 

one of the tensions we encounter is between technical 

innovation – what we have termed “catwalk technology” – 

and the way in which more “ready-to-wear” solutions can 

be used [2]. It could be argued that we have an ethical 

responsibility to consider impacts when a project finishes 

and the legacy we leave behind, or how the work might be 

sustained by partners.  

CONCLUSION 

This paper has presented recent educational projects where 

an ‘in the wild’ physical location has been a central aspect 

of both the work itself and the way in which we design for 

collaboration. Whilst some important findings have 

emerged, it is clear that we still have many unanswered 

questions around providing effective and usable location-

based technologies for learning. With the growth in 

ubiquitous computing, place and location are becoming 

more important than ever; what we now need is to 

understand how to utilize this for compelling technology 

enhanced learning experiences. 
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ABSTRACT 
This position paper considers location-aware mobile gaze-
based interaction. In this form of interaction three types of 
spatial information can be used: a) the user’s location, b) 
gazes at the geo-content displayed on the screen, c) gazes at 
objects in the real world. We summarize current work and 
outline future challenges. 

INTRODUCTION 
People frequently face mobile decision situations, such as 
wayfinding in an unfamiliar city. These situations can be 
supported by geo-spatial information, for instance maps or 
route instructions. We call the interaction with such 
information mobile geographic human computer 
interaction (Mob-GeoHCI). Note that Mob-GeoHCI can be 
considered as “geographic” in two senses: the user interacts 
with geo-spatial information while herself being situated in 
a geo-spatial context. Mobility poses a number of 
challenges different to non-mobile GeoHCI. These include: 
1) the small screen size restricting the spatial information 
visible on a map; 2) the input modalities available for 
standard mobile devices; 3) taking into account the mobile 
user’s task, time pressure,  and social context; 4) achieving 
at least “weak cognitive adequacy” [6] w.r.t. the mental 
spatial representation the user has about the environment, 
and supporting the creation of such mental representations.  

We propose using mobile eye tracking as an interaction 
method to tackle these challenges (location-aware gaze-
based interaction). Eye movements deliver new insights 
into geo-spatial thinking and problem solving, such as how 
people find their way in a city [4]. They can also be used to 
trigger new kinds of interactions. A number of gaze based 
approaches have been explored in the last 20 years, trying 
to incorporate eye movement interaction in a natural and 
unobtrusive way [2]. In the domain of GeoHCI, gaze based 
interactions for virtual [5] and real [4] spatial contexts are 
becoming prominent. 

The position of gaze adds a spatial component, which can 
be utilized in various ways. In the following, we explore 
location-aware mobile gaze-based interaction w.r.t. the 
three spatial components involved, summarizing current 
research and outlining future research directions. 
Copyright is held by the author/owner(s). 
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LOCATION-AWARE MOBILE GAZE-BASED INTERACTION 
In contrast to desktop-based eye trackers, mobile eye 
trackers are worn as head-mounted systems (see Fig. 1), 
which allows for gaze-based HCI in mobile real-world 
scenarios. In a typical architecture, the gaze data gets 
transferred to a laptop in the user’s backpack and processed 
immediately, which will then trigger a geo-spatial 
information service. 

The 3 Spatial Components 
Mob-GeoHCI has two spatial components that need to be 
considered: the spatial information interacted with, and the 
space interacted in. When using gaze-based interaction in a 
mobile scenario, we gain a third spatial component: the 
objects in the environment the user gazes at, such as 
buildings or street signs that represent the spatial dimension 
of gaze. If the hardware and pre-processing allows for the 
identification of these objects they can then be included in 
the interaction. 

We thus think about location-aware mobile gaze-based 
interaction w.r.t. three spatial components: 

a. The space the user interacts in (i.e., the position of 
the user) 

b. The spatial information the user interacts with 
(e.g., the information on the map) 

c. The space the user interacts with (i.e., the objects 
in the environment gazed at) 

 

 
Figure 1. Object of regard identification through eye, location 

and head tracking. 
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The space interacting in 
Location-based services (LBS) have been around for quite a 
while, and the assumption that the user’s spatial context can 
influence the interaction method to be used is broadly 
accepted. Eye tracking studies can provide behavioral data 
with which we can analyze places w.r.t. the typical visual 
behavior shown at these places, given a certain task. 

For instance, in an outdoor study we have previously 
identified places where the users of a tourist guide gaze at 
the map most often, which can be assumed to be confusing 
decision points [4]. An LBS could adapt its interaction 
method when the user approaches one of these problematic 
decision points. 

The spatial information interacting with 
Gaze tracking in a 2D environment, for instance on a map, 
offers a magnitude of possibilities for implicit and explicit 
interaction that can provide assistance, and also minimize 
cognitive load. For example, orientation on small display 
maps is often difficult because the visible spatial context is 
restricted. In our research we provided the history of a 
user’s visual attention on a map as a visual clue to facilitate 
orientation. Visual attention on the map is recorded with 
eye tracking, clustered geo-spatially, and visualized when 
the user zooms out. A user study on this implicit gaze-based 
interaction concept (GeoGazemarks, [1]) demonstrated a 
significantly higher efficiency than normal two-finger 
interaction without gaze marks. 

What if a map ‘knew’ which places, streets and objects the 
user focuses on? In recent work we have introduced gaze 
map matching as the problem of algorithmically 
interpreting eye tracking data with respect to geographic 
vector features, such as a road network shown on a map [3]. 
We developed a gaze map matching algorithm based on a 
Hidden Markov Model and evaluated it against purely 
geometric algorithms. This approach can be seen as a first 
step towards providing usage knowledge to a map, opening 
the way for natural dialogues with humans. 

The space interacting with 
In our current work we are trying to determine the object of 
regard (OOR), i.e., the object in the real world the user 
gazes at. One approach for determining the OOR consists of 
combining outdoor gaze tracking with location and head 
tracking. We developed a helmet that is enhanced with a 
smartphone and a mobile eye tracker. We use the sensors of 
the smartphone to retrieve the location of the user as well as 
the head position in space and calibrate this information 
with the gaze data in order to compute the intersections of 
each gaze point with the objects of a 3D model of a city 
(see Fig. 1). 

The obvious advantages of this system are twofold: on the 
one hand we can automate the analyses for recorded eye 
tracking data, while on the other hand it opens novel ways 
for interaction with the real environment.  

The gaze-based wayfinding assistant scenario 
An interaction scenario using all three spatial components is 
the gaze-based pedestrian wayfinding assistant: such system 
would detect from the gaze at decision points whether the 
user has problems reading the map. Gazes on the map and 
gazes in the environment would be included in the analysis. 
Such system could observe the visual matching process 
between the map content and the real world. If an incorrect 
matching takes place, e.g., a church symbol on the map is 
mismatched with a different church in the real world, the 
system should correct the user (“the church which will help 
you as a landmark is located to the right”). 

The steps needed to achieve this goal can be subdivided 
into interdisciplinary tasks that involve several areas, such 
as geography, cognitive psychology, and HCI, among 
others. 

FUTURE CHALLENGES 
A prominent problem in gaze-based interaction is the so-
called Midas Touch Problem which occurs when the user 
triggers an unintended interaction with her gaze. This is 
particularly relevant for city environments with a large 
amount of “gazable” objects. An interactive wayfinding 
assistant must recognize the user’s tasks, intentions, and/or 
plans. Using gaze for these recognition tasks is another line 
of research we are currently following. Related to this is the 
challenge of confusion and error detection. Environmental 
influences pose a big challenge for location-aware mobile 
gaze-based assistance: sensor inaccuracies on the one hand, 
and unexpected contextual changes on the other hand. The 
latter include objects in the environment that are 
temporarily visually occluded. 
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ABSTRACT 
Geographic data and processing capabilities are now 
available to researchers, practitioners, and consumers in an 
on-demand basis like never before. The web-enabled 
Geographic Information Systems (GIS), data, processes, 
and services which compose modern Cyber-Enabled GIS 
(CyberGIS) infrastructures now permit distributed 
computing and commodity geoprocessing at the push of a 
button. Designers and providers of these services struggle 
with two opposing goals - exposing the complex 
capabilities and parameters of geographic processes that are 
the powerful engine of GIS, while at the same time 
providing the casual, non-expert user with the ability to 
intuitively make use of the same system. This tradeoff 
presents an interesting and important design challenge that 
can only be overcome by the convergence of HCI and GIS 
research, practice, and education. This paper details one 
such CyberGIS example system that typifies what can go 
wrong when this tradeoff tips too far in one direction. This 
paper’s  goal   is   to   spark  discussion   that   leads   to  a   research 
agenda for blending these two worlds. 

Author Keywords 
CyberGIS; Analysis paralysis; Over-specification. 

ACM Classification Keywords 
H.5.m. Information interfaces and presentation (e.g., HCI): 
Miscellaneous.  
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Design.  

INTRODUCTION – POWER VERSUS SIMPLICITY 
Like any well-designed system, the draw of modern 
geoprocessing systems lies partially in the fact that they 
abstract away many of the low-level details that users do 
not need to care about in order to accomplish a specific task 
at hand. True, many would argue that it would be useful for 
a user to understand the details of the algorithm underlying 
a particular geographic operation in order to know how, 
when, and under what circumstances one particular 
operation should be applied instead of another.  

However, the ubiquity of web-based GIS data sources and 
processing capabilities and services – known collectively in 
many circles as the Cyber-Enable Geographic Information 
Systems (CyberGIS) infrastructure – has made GIS 
processing, data, and services a commodity for the majority 
of the internet-connected world. CyberGIS is a part of most 

people’s  daily  lives,  whether  they  know  it  or  not.   

CyberGIS is called upon every time a web search is 
performed to locate a retail outlet, identify locations around 
oneself in an area, or detect a fraudulent credit card 
transaction by analyzing purchases in both space and time. 
Mobile technologies have thrust CyberGIS into the 
forefront of the modern software ecosystem; just consider 
how  many   times  you  have  been  asked  “this  website  wants  
to use your computer’s location – allow/deny?”  when   you  
launch an HTML5 website that includes a map. Or, inspect 
the security settings of the applications installed on your 
phone for which have permission to access your location. 
These settings/permissions often help to improve the user 
experience in these instances by starting a search from a 
user’s  location, rather than requiring its manual entry. 

In a typical usage scenario, the web-surfing public does not 
even know that CyberGIS is involved in their applications. 
But, when using a geo-enabled or mapping application 
directly, CyberGIS tools are expected to be one-click, dead-
simple, easy-to-use operations despite the fact that 
CyberGIS and the data, processes, and services which 
power them are complex animals. GIS data are massive, 
GIS operations are rife with computational complexity, and 
GIS services are more often than not composed of 
numerous sub-processes, each with fine grained parameters 
to tune delicate models susceptible to minute assumptions. 

Purists – developers of these CyberGIS tools especially – 
are often loath to hide these complexities due to the fact 
that they have worked with these processes for so long in 
development, analyzed the minor (or major) impacts of 
varying one parameter ever so slightly, and agonized over 
getting that last little bit of performance enhancement in 
specific scenarios by exposing a knob to allow the expert 
user to account for and cleverly handle the full spectrum of 
scenarios that one could encounter. 

The tradeoff that CyberGIS system designers face is clear: 
balance system flexibility – allowing the user to change 
parameters in order to tune the processing to their specific 
scenario; with usability – not overly burdening the user 
with decisions and information and/or choices they do not 
care about or hope to understand. Although not all unique 
to CyberGIS, this issue is particularly relevant and timely in 
this context due to the recent explosion of CyberGIS data 
and services made available to support the meteoric rise of 
mobile location based services (LBS) as the computing 
platform  of  choice  in  the  majority  of  peoples’  pockets. 

Copyright is held by the author/owner(s). 
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GUILTY AS CHARGED 
Case in point: The geoprocessing services offered by the 
Texas A&M University (TAMU) GeoServices website [1]. 
This website (created and maintained by the author of the 
present work) offers a series of web-based geoprocessing 
services such as geocoding, address parsing, and point-in-
polygon intersection which can be run in batch mode over a 
user-uploaded database or through a set of application 
programmer interfaces (APIs). Each of the services offered 
on the TAMU GeoServices website is the result of in-depth 
research into one or more particular areas of geographic 
data processing, querying, representation, accuracy, 
precision, etc. representing a considerable investment of 
time and energy.  

This author spent immeasurable hours tuning the 
underlying algorithms to the utmost extent possible, 
parameterizing models and optimizing queries to account 
for the smallest, most intricate details in order to squeeze 
out the last, tiniest percentage increase in performance. As a 
result, the geocoding service for example – a service whose 
only job is to turn text into geographic coordinates; an 
operation  that  has  been  in  use  since  the  1970’s – has no less 
than 20 input parameters and 127 output parameters. The 
other services available on the site are similarly ridiculous 
in terms of fine grained processing control available. 

While Google Analytics tracking of the website reveals that 
the various API documentation pages and technical detail 
pages describing the TAMU GeoServices do continuously 
receive page views, this author is continuously inundated 
with technical support queries from current and potential 
users who are interested, yet completely baffled by the level 
of detailed technical tuning that can be performed.  

“What   does   the   ‘souatts’   parameter   do   and   why   would   I  
ever  want  to  or  not  want  to  use  it”? - (it controls the fields 
which are allowed to match on SOUNDEX equivalents 
rather than just full-text matches);  

“Why   are   there   four   different   output   fields   that   describe  
output quality”? - (well if you look close there are actually 
nine, AND one cannot really tell the quality unless you 
combine them all). 

The developer of the TAMU GeoServices website created 
the majority of the services offered therein during the 
completion of his PhD. Ironically, it has been mentioned on 
several occasions (by this author as well as by current, 
former, and potential users) that while TAMU GeoServices 
provides exceptionally useful services, one typically needs 
a PhD in order to be able to use them.  

This is the challenge faced by many GIScience researchers 
who seek to advance the state-of-the-art in a particular 
research domain: We are a highly skilled group of 
researchers making important contributions towards the 
next generation of tools and techniques that will help 
change the world; but few of us are trained in what a good 
interface is, does, or looks like, many times resulting in the 

comical case of 127 output parameters for a service that 
simply produces a latitude/longitude pair from an input 
postal address. 

TOWARDS A RE-SOLULTION 
As mentioned previously, this situation is not new and is 
not unique to GIS, CyberGIS, or any flavor of geographic, 
geospatial, spatio-temporal, or spatial sciences (yes, for 
those in HCI who are unaware, our community has an 
identity crisis). The field of Human Computer Interaction 
(HCI) has been developing methods, techniques, and tools 
to help address these problems since the earliest inceptions 
of user interfaces, and even before that if we consider the 
development and application intelligent design principles in 
general.  

The broad and rich set of theories and methods for 
evaluating and designing interfaces provided by the HCI 
community can and must be applied to the development and 
presentation of GIS and CyberGIS services if we are to 
avoid the analysis paralysis that users far too often end up 
suffering from in situations like the TAMU GeoServices 
example. Many of us GIScientists who develop and attempt 
to offer our technology to the broader scientific community 
know we are guilty as charged and have committed horrific 
HCI offenses, but we are actively seeking to build bridges 
and right our wrongs.  

HCI needs to become an integral part of the standard GIS 
curriculum to a greater extent than currently observed in 
most programs. The GIS Body of Knowledge (BoK) [2], 
one of the primary documents that describes the knowledge 
a GIS professional should have, does include user interface 
design in several key areas (Topic CV4-3 Dynamic and 
interactive displays; Topic CV4-5 Web mapping and 
visualizations; Topic CV6-5 Evaluation and testing; Topic 
DA6-2 User interfaces).  

However, the links between HCI and GIS training could 
and should be stronger by the inclusion of in-depth case 
studies and other resources highlighting good and bad 
designs for those GIScientists who seek to be GIS 
developers. Conferences and workshops that draw members 
from each of these communities are desperately needed in 
order to identify major challenges and start plotting a path 
towards addressing them in the short and long terms. 
GeoHCI offers such a starting place and will undoubtedly 
result in the production of new knowledge, research 
agendas, and the application of time-tested techniques to 
solving problems in new domains. 
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ABSTRACT 

In this contribution, the linkage between the fields of HCI 

and geography is outlined and explored mostly from a 

geographer’s perspective. In particular, the linkage between 

the areas of geographical information science and 

cartography on the one hand and HCI and usability 

engineering on the other shows that, while some attention is 

being paid to insights from both sides, there is a 

disciplinary gap that makes more integrated interactions 

challenging. In the places where there are sustained 

interactions, benefits occur to both sides. The paper ends 

with identification of some of the contributions that each 

side can make to the field of Geographical HCI (GeoHCI).    
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GEOGRAPHY AND COMPUTERS 

The very early use of digital computers, as part of code 

breaking efforts during World War II, was to identify 

geographical information – information about the 

movement of military forces or the location of submarines. 

Yet the use of computers was not to manipulate or handle 

geographical information but to deal with deciphering 

codes into meaningful messages. As computers started to 

emerge as powerful general purpose machines, the field of 

geography started to pay attention to them. Geography, with 

its interest in the detail of places, population and patterns, 

was attracted to the promise of manipulating ever-larger 

datasets that came from censuses of populations, automatic 

instruments and growing sets of observations. By the early 

1960s, geographers promoted the use of computers for 

geographical studies. Torsten Hägerstrand, [3] a famous 

Swedish geographer and one of the proponents of 

quantitative geography, captured the spirit of the period in 

his ‘The Computer and the Geographer’ (1967), in which he 

concluded that ‘… we have to develop sophisticated and 

efficient geographical techniques which fully match the 

new standards of observation and computation.’ (p.19). 

Since then, geographers have been developing geographical 

information systems (GIS) and, by the early 1990s, had 

defined a new sub-discipline dedicated to geographical 

information manipulation – geographical information 

science (GIScience) [2].  

Yet, the main focus remained on performing geographical 

analysis with computers, not the way that people interact 

with them or their outputs. One of the pioneers of computer 

use in geography Ian McHarg reflected that the quality of 

output from early GIS was: ‘Absolutely terrible. … there 

wasn’t a left-handed … technician who couldn’t do better 

than the best computer.’ [1]. In 1995, the same year in 

which McHarg reflected on early attempts, the first CHI 

paper to address GIS asked ‘Why Are Geographic 

Information Systems Hard to Use?’ [12] and Traynor and 

Williams identify these systems as complex and confusing. 

Not only were GIS hard to use, GIScience experts were also 

fighting for their place within the discipline. As a response 

to the ‘quantitative revolution’ of the 1960s, together with 

other disciplines in social science, geography went through 

a ‘cultural turn’ during the 1980s. This period is marked by 

a more humanistic and philosophical approach to the study 

of human geography, combined with a critique of positivist 

approaches. One of the results of these changes was a 

reduction of interest in maps and, in some quarters, disdain 

of GIS and related technologies due to their origins as 

military technologies and their use for assertion of power 

and control.  

HCI IN GISCIENCE  

HCI research in GIS can be traced back to 1963, when 

researchers of ‘Man-Machine Interaction’ at MIT were 

utilising the display of the latest generation of computers to 

manipulate oceanic geographical information [9].  

While the full history of HCI research within GIScience is 

covered elsewhere [5], it is worth noting that interest rose 

significantly during the late 1980s, when cognitive aspects 

of HCI for GIS were discussed at workshops of larger 

conferences or as sections of books on GIS. The 1990s, 

however, saw a strong international research interest, with 

four workshops in the US and Europe explicitly focusing on 
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HCI aspects in GIS, as well as two books [7, 8], and the 

Conference on Spatial Information Theory (COSIT) series 

which continue to this day. Since then, HCI has continued 

to be central to GIScience [6].  

HCI research in GIScience covers many research areas 

ranging from interface design to cognitive aspects of 

geographical information representation. Naturally, many 

of these areas have parallels in the wider HCI literature. 

Thus, the development of Collaborative GIS work is related 

to Computer Supported Collaborative Work (CSCW), and 

Geovisualisation is linked to information visualisation and 

visual analytics. In some of these areas – most notably 

geovisualisation – the influence is not unidirectional and 

innovations in GIScience have influenced HCI.  

Even so, GIS and the use of geographical information 

remained, until after the turn of the millennium, the 

preserve of expert users who used it for specific 

applications with emphasis on functionality and not on 

user-centred design. Any review of GIS packages or even 

public mapping websites revealed a plethora of usability 

problems. Thus, while mapping websites have been in 

existence since 1994 [10], Skarlatidou and Haklay’s [11] 

study in 2005 was one of the first published academic 

studies to compare these sites in terms of their performance 

with users who are GIS novices. 

MOBILITY AND GEOGRAPHY 

Following the emergence of Web 2.0 around 2005, the 

situation changed dramatically, heralding an era of Web 

Mapping 2.0 [4]. A combination of factors came together to 

allow for a new generation of much more usable geographic 

applications. The changes in the availability of Global 

Navigation Satellite Systems (GNSS) coverage and the 

reduction in the cost of devices that are location enabled; 

the development of technologies for the delivery of 

graphical information over the web and the ability to 

deliver maps that support direct manipulation; the 

proliferation of smartphones and, finally, the growth of 

social networking applications all contribute to the 

possibility of creating novel geographical applications. The 

marked increase in interest in maps and geographical 

information can be seen in the interest of leading 

technology companies (e.g. Google, Apple or Nokia), as 

well as the proliferation and success of applications that 

combine the abilities that are noted above (e.g. Waze, 

OpenStreetMap or FourSquare). This transition also 

influences geography itself, with a marked interest in these 

new applications [4]. Whilst the critique of naïve 

understanding of the power of maps is now directed 

towards technology companies, geography itself is going 

through a revival of interest in maps and geographical 

technologies.  

INTERDISCIPLINARY INSIGHTS FOR GEOHCI   

The new wave of geographical technologies renews the 

interest within HCI in geographical applications, and the 

impact of usability engineering methods can be noticed in 

the applications that are being developed and used. There is 

even a noticeable influence on traditional GIS vendors, 

who, through osmosis from the wider technology 

community, are integrating features and interactions that 

emerge from usability and HCI studies. In GIScience and 

cartography, there is also a new interest in the importance 

of usable geographical technologies. Interaction between 

geographers and HCI experts can bring new and important 

insights. For example, the series of workshops dedicated to 

the usability of geographical information explores aspects 

of geographical information itself – as opposed to the 

applications that use it. These workshops and other 

encounters demonstrate the importance of interactions 

between geography, cartography and HCI. In what follows, 

several examples of contributions are discussed.  

Geography brings to these discussions the multitude ways 

of understanding space and place, especially with the wide-

ranging theories that emerged from the ‘cultural turn’. 

These complex understandings of places should be used as 

an antidote to the reductionist (and unfortunately common 

in computer science) concept of a place as a pair of 

coordinates or the footprint of geotagged images. More 

closely to the empirical worldview are the insights from 

spatial analysis with its universal methods, such as spatial 

statistical methods to identify patterns and assess the 

clustering of observations. Another insight can come from 

the understanding of geographical and spatial scales. The 

same word is used to describe a computed scale of a map or 

the conceptual geographical understanding of a research 

participant, and hold varied meaning within the discipline.  

Cartography, has much to contribute through the 

accumulated knowledge on mapping and the creation of 

geographical representations for different media – not all of 

them in the form of maps. Understanding of generalisation 

– the process of reducing visual clutter of a map – is an area 

in which cartographers excel, and the interaction between 

cartographers and computer experts already shown to be 

fruitful, as OpenStreetMap demonstrate. In addition, 

cartographers understand the appropriate representation of 

thematic information, and in many web and mobile 

applications it is all too easy to notice cartographical 

mistakes that can lead to wrong inferences which can be 

rectified by using cartographic knowledge. 

Finally, over the past two decades, geographers and 

cartographers have studied methods that are widely used in 

HCI and usability engineering, and then tested them with 

geographical information technologies. Questions about the 

uniqueness of geographical information, and the ability to 

find parallels and insights from other specialised systems 

are highly valuable for those who are mostly interested in 

maps and geographical information.  
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ABSTRACT 
Using spatio-temporal visualizations of large sets of 
Instagram photos, we show how the collective volume, 
spatial patterns and aggregated visual features in specific 
time and place can offer social, cultural and political 
insights. 

INTRODUCTION 
Images are taking an increasing role in the massive growth 
of social media data. Visual social networks such as 
Instagram or Flickr, together with Facebook, Twitter and 
Foursquare–all offer large collections of geo-tagged photos 
that open new opportunities for the study of socio-cultural 
phenomena. However, while many computer scientists have 
already explored spatial patterns in user-generated 
photography, these works are mostly focused on identifying 
overall patterns and regularities in the data. How are we 
then to extract local socio-cultural insights from this type of 
visual material? 

In this work we examine how geo-tagged images can be 
used to answer social cultural questions on a large scale 
form a digital humanities perspective.  By looking not only 
at the aggregated spatial features of a place but also at the 
temporal and visual attributes of the data, we show how 
researchers can ask new socio-cultural questions as well as 
extract local insights. 

We exemplify this approach by showcasing an analysis of 
212,242 images taken through the mobile photo-sharing 
application Instagram in Tel Aviv, Israel during three 
months time (February-April 2011). Following an earlier 
work [2], we show how the collective volume, spatial 
patterns and aggregated visual features of Instagram photos 
in a specific time and place hold significant social, cultural 
and political insights. 

Our contribution is threefold: (1) the integration of spatial, 
temporal and visual attributes in the study of the data, (2) 
the development of new visualization techniques, and (3) 
the introduction of a humanistic approach to a cultural 
study of geo-tagged social media data. 

METHODOLOGY 
Our questions and methodologies are informed by the 
recently developed field of Digital Humanities where 
humanists work with computer scientist to apply data 

analysis techniques to large sets of cultural artifacts. 
Specifically, we adopt the methodology and techniques of 
Cultural Analytics, a paradigm developed within Digital 
Humanities for working with massive image and video 
collections [3]. By exploring large image sets in relation to 
multiple visual dimensions (brightness, saturation, color, 
texture, etc.) using high resolution visualizations, Cultural 
Analytics approach allows us to detect patterns which are 
not visible with standard interfaces for media viewing. 

DISSCUSSION 
The recent proliferation of visualization techniques, which 
show locations, check-ins, routes, and other social media 
data, aggregate large amounts of data into a single 
condensed representations (of a city, country or earth).  
However, while these representations aim to capture the 
“true” dynamic of a place by tracing social and places 
proximities (for example, where people check-in in 
confined areas) [1], they typically ignore the temporal 
nature of the data (when people check-in) and its 
significance for a more nuanced understanding of its socio-
cultural aspects.  

These representations do not trace or encapsulate real-life 
temporal changes. For instance, a visualization made up of 
routes of millions of people aggregated over months or 
years creates a convincing map of city, with major streets 
lighted up. But this “city” does not exist, because the 
individual traces which make it up do not necessarily 
occupy the same time. These traces do not correspond to 
any social reality which is shared by people. As we move 
through a city, we do not see traces made by other people in 
earlier times; we do not even see our own trajectory; and 
others do not see our path.  

Our visualizations which show locations of Instagram 
photos taken by individuals over time illustrate exactly that. 
When aggregated into a single visualization, an image of a 
city emerges (Figure 1). This image constructs an illusion 
of many people congregating in particular places at the 
same time (as captured by their Instagram actions), but in 
reality, most users have taken only a few photos over a 
specific time period, and these are widely distributed in 
time and space. How are we then to better trace, 
characterize and visualize the multitudes of users’ 
trajectories and photos, each following its own pattern? A 
possible way is to follow special times in specific places. 
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Figure 1. Plot Visualization of Tel-Aviv from 3 Months Data. 

We chose to examine three of the most emotionally, 
culturally, and politically charged days in Israel, and the 
ways in which these days where experienced in the city of 
Tel-Aviv-Yafo in 2012: Holocaust and Heroism 
Remembrance Day that took place on the 18-19th of April, 
and the Israeli Fallen Soldiers and Victims of Terrorism 
Remembrance Day that took place a week later (24-25th of 
April), followed directly by the Israeli Independence day 
(25-26th of April).  

By studying the geographical, temporal, and visual aspects 
of our data we address the following questions: What can 
we learn from Instagram photos on the socio-cultural 
character of these emotionally charged days? What type of 
insights can we extract from the ways individual users 
choose to spend their remembrance and celebration days? 
And finally, what are the relations between the spatial and 
the temporal representations of the data? 

As opposed to former visualizations that exhibit social and 
spatial proximities in aggregated forms–thus producing 
singular maps where the different origins of the data points 
are erased, our spatio-temporal visualizations allow us to 
compare patterns between days, hours, and particular users 
(Figures 2, 3). In this way we exemplify how the social 
status and function of a place change over “regular” and 
exceptional times.  

These new visualization forms allow us to better detect 
constantly changing sets of relations between Instagram 
photos across time or in exceptional times in specific 
places. We can articulate these visualized relationships as 
“time-based affinities”: a set of relations between places or 
users that are confined to the changing nature of their time. 
We can then see how these sets of relations or stable 
network of affinities breaks during exceptional dates. As 
our visualizations show, during exceptional times, we 
notice how the network of relations and connections 
changes, and the nature of this change has the power to 
explain the character of the time in which it occurs. 

CONCLUSION 

In this work we present an integrated approach using 
spatio-temporal visualizations for the study of local social, 
cultural and political phenomena. By developing new 
visualization techniques that combine the spatial, temporal 
and visual attributes of the data we offer a digital 
humanities approach to the study of geo-tagged photos. 

 

 
Figure 2. Plot visualization by time of day per user. A line is 
drawn between two pictures/dots that were taken within the 
same hour (Green-morning, Yellow-afternoon, Red-Evening). 

Figure 3. Plot visualization of 33,292 photos from Tel-Aviv 
between April 20-26th, sorted by time and hue. 
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ABSTRACT 
We describe our current research on HCI aspects of digital 
indoor navigation systems. We focus not only on traditional 
concerns of usability, but on basic behavioral and cognitive 
questions concerning spatial learning, reasoning strategies, 
and individual differences among users. We also stress the 
importance of analyzing the physical setting of wayfinding. 

Author Keywords 
Wayfinding; Mobile Maps; Indoor Positioning; Individual 
Differences; Space Syntax; Spatial Cognition 

ACM Classification Keywords 
H.5.m. Information interfaces and presentation (e.g., HCI): 
Miscellaneous.  

General Terms 
Human Factors; Design; Measurement.  

INTRODUCTION 
In recent years, navigating through outdoor environments 
(on streets and highways) has been largely augmented by 
the arrival of digital, often GPS-enabled, maps on 
smartphones and other devices, for use indoors. Only very 
recently has similar technology become available to the 
general public for navigating indoors, in the form of Indoor 
Maps for Google Maps on the Android platform. In 2012, 
our research team begun initial studies into issues of user 
experience, behavioral strategies, and spatial learning with 
digital indoor maps.  

Finding your way in a large public building can be a 
challenging task, and people frequently report frustration 
and failure not unlike that triggered by the poor user 
interfaces of some digital systems. Ultimately, human-
computer interaction is a type of human-artifact interaction, 
and HCI research is characterized by analyzing human 

behavior, cognitive processes, and task structures. 
Buildings can also be understood as artifacts, and humans 
interact with these artifacts in numerous ways. Both 
geographers and psychologists have studied human 
navigation, map use, and spatial learning since the 1970s or 
earlier, and especially in the last two decades, they have 
focused their interest on navigating with computational 
technologies [4, 5]. Wayfinding in the built environment 
shares a number of properties with traditional human-
computer interaction, although the metaphorical space of 
computer systems and databases is quite different than the 
real space of the earth surface. Identifying a reasonable 
route to a destination can be characterized as a planning and 
problem-solving task, involving general (background) 
knowledge about urban and building structures, specific 
memories about particular locations (spatial memory), as 
well as heuristics and strategies for turning spatial 
information into movement plans and action. Researchers 
[e.g. 1, 7] have identified building features like visual 
access, architectural differentiation, layout complexity, and 
signage as key triggers of navigation success or failure. 
These can be seen as the interface elements that determine 
how a building is ‘read’ or understood, and how people 
make movement decisions. Over the past 10 years, our 
research group has conducted a range of behavioral studies 
in real and VR-simulated buildings to untie the relationship 
between building features and user behavior; we have 
identified “usability hotspots” in building design with 
respect to orientation and navigation [1, 3]. Adding a digital 
device to the navigation process may or may not be 
beneficial for wayfinding performance and/or spatial 
learning, but it clearly makes the applicability of a HCI 
perspective on human navigation even more evident. 

In planning our own research on digital indoor maps we 
have identified a number of issues at the interface of HCI, 
psychology, and geographic information science that are 
relevant for other geographic HCI research and design 
projects, and thus can inform a discussion on the emerging 
field of geographic HCI (GeoHCI). First, we distinguish 
between analyzing a digital device with respect to its direct 
usability and interface on one hand, and the underlying task 
model and its impact on other core cognitive tasks on the 
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other hand. For digital indoor maps, the latter is addressed 
by looking at the impact of using a device on how people 
choose routes and learn about the environment. These are 
captured by established, partly standardized experimental 
procedures from behavioral science. This is an addition to 
more qualitative observation of how people interact with 
the device and specific user-interface features. In this 
context, behavioral experiments can reveal underlying task 
structures, behavioral strategies, and learning components 
that constitute basic research findings in their own right. At 
the same time, they can inform the future design of digital 
systems and serve as benchmarks for assessing new 
systems. 

Key for GeoHCI is that the human cognitive apparatus 
includes specific mechanisms for handling spatial 
information. The spatial-cognition community has spent 
several decades investigating these phenomena, from which 
the GeoHCI community can benefit. For example, 
psychologists have developed a range of standardized and 
validated psychometric measures (performance measures as 
well as self-report scales) to capture individual differences 
in basic spatial processes like mental rotation, and higher-
level composite skills like wayfinding competence. 
Individual differences have a particularly strong impact on 
wayfinding tasks, with respect to both actual performance 
and subjective competence and enjoyment. There may also 
be cultural differences in spatial processing. Therefore, our 
project aims to compare device use between U.S. and 
European participants who may differ, e.g., in their reliance 
on cardinal-directions vs. egocentric navigation strategies. 

Determining the usability of any device routinely requires 
one take into account tasks as well as characteristics of 
intended user group(s). In the case of wayfinding, the 
physical environment becomes a crucial factor in itself and 
must be taken into account. For example, asking users 
about their experience (or measuring their performance) 
with a specific device, for a specific task (such as finding 
the shortest route between locations) will be confounded 
with characteristics of the building(s) in question; 
separating out the relative impact of each factor becomes 
non-trivial. For user-experience questionnaires, this means 
developing separate items for aspects of the environment 
and device. And to compare results across environments, it 
is important to characterize environmental complexity. For 
wayfinding, whether outdoor or indoor, the environmental 
characteristics presented above provide a basis for this 
analysis, and analytic techniques like space syntax [3] can 
help measure behaviorally relevant properties. 

When investigating GeoHCI in a complex setting, it is 
highly desirable to collect several streams of data to support 
methodological triangulation and provide a rich basis for 
reconstructing user interaction with the environment and 
digital device. Devices like smart phones can produce 
logfiles of spatial positions as well as screen videos of 
interactions with the interface. Our group has developed the 

PeopleWatcher App [2], which allows real-time coding of 
events such as sign and map interaction, asking for help, 
etc. Human observations can be used to validate the spatial 
accuracy of the device’s logfiles (and vice versa). 

Another relevant issue is the impact of shortcomings of 
digital devices. From a research perspective, comparing 
traditional static maps to digital indoor maps is most 
promising when the digital device provides consistent and 
highly accurate self-localization and heading information to 
the user. On publicly available systems without specific 
instrumentation for each building – like Google Indoor 
Maps – reliability in this respect is quite variable. By itself, 
this triggers new HCI-oriented research questions, like how 
do people react to such irregularities? At the same time, this 
illustrates that different versions of a technology may be 
required for different research questions. 

While challenges for research and design will vary 
depending on the type of task or tool, GeoHCI needs to take 
a cognitive as well as technical perspective, and user 
characteristics and environmental properties must be 
appropriately modeled to capture phenomena of interest [6]. 
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ABSTRACT
This position paper outlines a central question at the 
intersection of geography and human-computer interaction 
(HCI): how to evaluate location-based services with users? 
Systems that incorporate spatial information and adapt their 
behaviour and appearance depending on where users are 
located, pose specific challenges for evaluation that differ 
from applications that are not intrinsically linked to spatial 
concepts. This paper outlines some of these challenges as 
well as potential approaches to address them and puts them 
into the wider context of integrating geography and HCI.
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MOTIVATION
Evaluating systems with users (e.g. for validation and 
comparison) is an essential activity in Human-Computer 
Interaction (HCI) research in general and increasingly seen 
as critical in Geosciences. While it is not always useful to 
carry out (formal) user studies and not at all stages of 
development [], in many cases such studies play a central 
role in evaluating interactive systems. There is a long-
running debate about what the best way is to evaluate a 
particular system with users. Two fundamentally different 
approaches exist and researchers have argued strongly in 
favour of (and against) either one: lab-based user studies 
(“in-the-lab”), which take place in the lab, and field studies 
(“in-the-field”), which take place in the real world. Both 
approaches have specific benefits and drawbacks, e.g. in 
terms of repeatability, realism or cost/effort ratios. A recent 
survey  of publications on mobile HCI during the last 
decade, revealed a shift from engineering-driven to 
empirical, evaluation-based research. The authors found 
that the context of use was not considered much in the early 

2000’s but by end of the decade, user-centred and context-
sensitive approaches have gained popularity. In 2009, lab-
based experiments appeared in 49% of the publications 
surveyed, while field studies accounted for 35%. According 
to , most of those experiments were conducted in largely 
controlled settings rather than real usage situations. 

OPEN ISSUES REGARDING EVALUATION
Unlike some mobile applications, location-based services 
(LBS) such as mobile guides, local recommender systems, 
or geocaching applications inherently and strongly depend 
on spatial factors in order to function well. Such factors 
include, for example, the configuration of the environment 
or the accuracy/precision of the measured position. 
Consequently, spatial factors need to be explicitly 
considered (and controlled) during evaluation and thus pose 
several challenges that still need to be addressed in 
research. Two examples are briefly discussed below:

Capturing and factoring in spatial aspects
To capture relevant spatial factors in real usage situations, 
the standard approach is to carry out tests with users in the 
field. By conducting this type of evaluation, a series of 
issues can be identified, such as the influence of “urban 
canyons” on GPS positioning accuracy and its effect on a 
LBS. However, solely logging the position of test persons 
during evaluation experiments is not often enough to gather 
a deep understanding of the users’ interactions with the 
system and the surrounding environment. From this 
information alone, it remains, for example, unclear whether 
a user was able to map their environment to the depiction 
(e.g. a map) on the screen of a mobile device. In addition, 
specific changes of positioning accuracy and other spatial 
factors can vary greatly from one participant to the next, 
thereby potentially influencing the results of a user study.

Spatial fidelity in the lab
Evaluation in the lab offers greater controllability but in 
case of LBS comes with the difficulty of recreating an 
adequate level of contextual detail during experimentation. 
Particularly with respect to spatial aspects of LBS usage, 
providing the test person with the feeling of presence in a 
real-world scene can be essential for obtaining valid results. 
To achieve that, a sufficient number of representative 
spatial cues should be provided to the test person. Classic 
lab-based evaluation however often fails to provide those 
cues, which can result in outcomes that significantly differ 
from those obtained in the real world.  Realistically 
simulating spatial aspects of real-world environments in the 
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lab is usually costly and time consuming (e.g. using 3D 
CAVE systems and virtual models of the world).

Figure 1. Immersive Video Environment

Figure 2. Snapshot produced by multi-camera recording system.

OWN RESEARCH CONTRIBUTIONS
In the past, we have studied Immersive Video Environments 
(IVE, see Figure 1) as a means to evaluate mobile 
applications in the lab (cf. e.g. []). This method has shown 
significant potential to overcome some typical 
shortcomings when evaluating LBS in the lab, for example 
when evaluating applications involving spatial referencing, 
such as landmark-based navigation systems []. In our 
previous work, we have also observed behaviours that 
indicate that participants experience a strong feeling of 
presence. For example, after only a few minutes inside the 
IVE, a number of people started to refer to the scenery 
shown on screen as if they were actually physically located 
at the location, where the footage was recorded. We are 
currently extending the IVE in several ways (e.g. by 
including a GPS-simulator that can also playback GPS 
signals previously recorded in the field) and are carrying 
out systematic comparison studies.

In addition, we have developed (and evaluated) a multi-
camera recording system for mobile LBS that seamlessly 
integrates footage from three cameras []. The recording 
system is very compact in size, and its parts (micro-video 

recorder, power sources, observation display, head-mounted 
and distant mini cameras etc.) can fit in a small backpack. It 
creates much less obstruction to the test person than other 
alternative recording solutions (e.g. normal video cameras), 
and offers long recoding duration (6 hours). The resulting 
footage contains a combined, synchronised view of 3 
different cameras and screen capture of the mobile device 
display (Figure 2). It also contains audio recording of the 
environment and the test person’s and experimenter verbal 
expressions (e.g. when Think Aloud method is used). 

Finally, we have started to investigate the use of the multi-
camera recording system inside the IVE, which promises to 
greatly facilitate the comparison of in-the-field and in-the-
lab methods. In addition, this combination allows for a 
more fine-grained recording and analysis of user behaviour 
within the video environment.

CONCLUSION
In this position paper, we highlighted evaluation methods as 
one particular area that sets location-based services and 
applications apart from other (mobile) systems. Using two 
examples, we argued that their inherent dependency on 
spatial concepts poses new challenges in Geosciences and 
HCI, and that this calls for improved/adapted evaluation 
methods. We briefly reviewed our own current research in 
this area, which aims at closing this gap, i.e. by using 
Immersive Video Environments and multi-camera recording 
systems. In our opinion, shortcomings, opportunities and 
future developments in this area could be an interesting 
topic for discussion at the workshop.
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ABSTRACT
One of the most interesting trends in the recent years has been
the re-discovery of spatial locality, i.e., of the here and now.
In a world of global spreading of information, location is as-
suming a fundamental role again. We can consider it as a sort
of “rebirth” of locality.

In this position paper, firstly, we present a brief summary
of our current work on models, algorithms, applications and
tools based on and for spatially-embedded social networks,
i.e., networks where the interacting individuals have a well-
defined position in space. Our work is focussed on global
phenomena that are experienced at a very local scale: we be-
lieve that the availability of real-time information about indi-
viduals at local, community and global level can be exploited
together in order to develop and support novel models, ap-
plications and systems. In the second part of the paper we
outline the challenges and the opportunities in this promising
area, discussing key open problems and research directions.
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OVERVIEW AND VISION
Advances in communication were expected to cause the so-
called “death of distance”, i.e., the end of distance as an ob-
stacle to interactions between people [2]. Today, distant inter-
actions are certainly easier than they were in the past, but we
certainly cannot declare the death of distance [10]. We are
also experiencing an interesting phenomenon, which is not
only related to the distance itself, but with the very fact that
people access information locally. Online services are grad-
ually moving towards a strong focus on what is close in time
and space to the user (i.e., hic et nunc). Some services are de-
signed to give online suggestions about what the user could
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do or might be interested in at specific times and locations.
Indeed, spatial locality is assuming an increasing importance
in socio-technological systems. We may consider this as the
rebirth of locality.

While users are presented with real-time suggestions tailored
to their interests, position and time, on the other hand, they
are also actually receiving a continuous stream of data as-
sociated to global trends, events, products and opportunities.
These streams of information are global but they are accessed
and consumed locally. Our work is focussed on global phe-
nomena that are experienced at a very local scale: we believe
that the availability of real-time information about individ-
uals at local, community and global levels can be exploited
together in order to develop new models, applications and
systems. These rich streams constitute a unique opportunity
for practitioners and researchers as their exploitation can lead
to novel applications and services and their analysis can pro-
vide unique insights about understanding human behaviour
and interactions at individual and collective scale.

We are currently working on the design, implementation
and evaluation of models, algorithms, applications and tools
based on and for spatially-embedded social networks, i.e.,
networks where the interacting individuals occupy a position
in a space. While this space is usually a geographic space,
it does not need to be a physical space, but it can also be
virtual, representing non-tangible aspects. For instance, the
individuals of an online social network can be positioned in
a geographic space, according to their usual hangouts, and in
a semantic space, according to their interests. In particular,
the use of geo-spatial information in social networks allows
to analyse individual and collective properties of the social
graph concerning individuals (or groups of individuals) in a
region or a set of regions.

For example, in [5] we present a set of measures that quan-
tify the effects of social links on the spreading of information
in a given geographic area. Every user is assigned a value
that indicates how much potential influence he or she has on
a particular region. This measure of influence might be used
for different purposes, such as political or marketing purposes
and for a variety of applications, from promotional campaigns
to the management of mass-events or natural and man-made
disasters. Intuitively, influence grows with the number of
friends that a user has inside the considered region. Key local
influencers can be identified using these techniques: it is pos-
sible to identify users which can spread messages on global
media in order to address very specific local requirements and
situations or to reach well-identified geographic areas.
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Another key area of our research work is the exploitation of
mobility information in order to augment the design of mo-
bile and networked systems. Recent results also show that hu-
man movement is predictable, both in the short [4] and in the
long term [9] and it is characterised by specific patterns [8].
In [4] the authors show that user mobility is potentially more
predictable when considering mobility of user’s social con-
tacts. A reliable prediction of future user position can also be
very helpful in improving the applications discussed above,
in marketing and disaster-recovery scenarios, and generally
for delivering information when and where is needed most.

CHALLENGES AND OPPORTUNITIES
In this section we summarise a series of challenges and op-
portunities in this research space, outlining a set of open ques-
tions for the research community.

Computational Issues. Data coming from popular online
services are usually extremely large; these data are not only
produced in large quantity at every instant, but they must also
be stored for very long periods of time, i.e., they are in a sense
longitudinally “big data”. Additionally, data about individu-
als are also generated by sensors embedded in smartphones
and in the urban fabric [3]. Therefore, nontrivial distributed
computational models and systems must be developed and
deployed for these services, in order to support run-time com-
putation. Also, as computational power of portable devices is
increasing, there is the possibility of distributing computa-
tional tasks to user devices. This is also an opportunity for
developing privacy-preserving services: smart devices could
process sensitive raw-data, possibly use anonymisation or ag-
gregation techniques, and send less sensitive data to the cloud.

Real-time Input, Real-time Output. The need for short pro-
cessing times also arises from the nature of these data. In
fact, sometimes data come in the form of endless streams,
which must be processed quickly in order quasi real-time out-
put. One example is the automatic detection of interesting
events [6]. Real-time processing of data is the first step to-
wards real-time self-adaptive systems that respond to sudden
changes in the environment. Which architectures and algo-
rithms can support real-time event detection? What are the
best ways of providing and visualising this information, also
considering the context of the user?

Getting Ahead with Prediction. For some application sce-
narios, it is possible to do even better than real-time, by using
prediction technology that is capable of getting ahead of time.
Research in this area is still at an early stage, but it is already
showing promising results [4, 9]. Applications range from
targeted information dissemination, based on forecasted con-
text conditions, to law enforcement, such as the identification
of future criminal hotspots.

Privacy. The use of data concerning human behaviour raises
non-trivial questions about the way they are treated, espe-
cially when they include fine-grained information about user
location over time [1]. How sensitive is real-time location?
Who has the right to store and process this information and
for how long? Is it possible to design anonymisation tech-
niques that preserve user privacy while having a small impact

on the functionality of services? Answers to these questions
are missing, while services are rapidly evolving and ignoring
these issues.

Multi-dimensional Linked Big Data The data generated by
online social networks and services can be often represented
as a network of interactions between entities [7]. Some en-
tities or interactions that are present in a dataset can actually
be linked to entities or relations available in others. This fact
opens the way to fascinating possibilities, since these multi-
ple sources of linked data can be used as a single rich dataset.
What are the best analytical models to represent these mas-
sive datasets? Is it possible to design algorithms that are able
to extract information from these heterogeneous data? What
are the most suitable algorithms for supporting real-time anal-
ysis?

Datasets and Benchmarks for the Research Community.
Finally, as strange as it might sound in this data-centric era,
there is a strong need for novel dataset sharing models. Com-
panies collecting and storing these large-scale datasets are re-
luctant to share them for understandable reasons, since they
represent a core business asset. As a result, scholars struggle
to get datasets by crawling small samples or asking them to
companies. Either way, they have to comply with Terms of
Services and Non Disclosure Agreements, respectively. This
data sharing model might undermine the principle of verifi-
ability of science in this field. It also de-incentivises intra-
and inter-disciplinary collaboration, constituting a high entry
barrier for newcomers.
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ABSTRACT

Geographical Social Production (GSP) is a recent phe-
nomenon created by the confluence of geographical and the
open content philosophies. In this position paper, we report a
few lessons we learned through our experience and research
with one such GSP system, Cyclopath, a route-finding ge-
owiki for bicyclists. We believe these lessons would help
drive critical thinking about how to make GSP systems better
and more efficient.
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INTRODUCTION

Social production communities are those in which large num-
bers of people freely collaborate on tasks and produce com-
mon goods. With the advent of the Internet, this phenomenon
has reached new heights and has revolutionized the way
content creation in the world works today. For example,
Wikipedia, has over ten million articles, and Yahoo! Answers
has received over a billion answers.

Geographical Social Production (GSP) is a more recent phe-
nomenon created by the merging of open content philoso-
phies and geographic content—Google Maps and its peers
have made easy-to-use and high-quality maps available to
anyone with a web browser, and their associated APIs
have supported several products that involve users submit-
ting location-bound information. GSP thrives at the unique
boundary between Geography and Human-Computer In-
teraction (HCI) and offers tremendous potential for inter-
disciplinary innovation.

Copyright is held by the author/owner(s).
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Figure 1. Cyclopath: cyclopath.org

This position paper focuses on one such GSP system: Cy-
clopath. Cyclopath (Figure 1) is an online geographic wiki
that offers route-finding services for cyclists in the metropoli-
tan area of Minneapolis-St. Paul, Minnesota, USA. Like any
wiki, users contribute information to Cyclopath in sets of ed-
its called revisions. When a user makes the desired edits in
the Cyclopath interface (e.g. add a point) and clicks “Save
Changes”, they are saved as a single revision associated with
the username of the user (if the user is logged in), IP address
and a time-stamp. All revisions are publicly visible and re-
vertible (via the Recent Changes list).

Each revision may contain edits to points, blocks, regions,
notes and tags. Blocks (roads and trails) are useful for route-
finding, points help define route endpoints, tags enable more
customized route requests (e.g., a route that is more scenic,
but less bumpy), and notes supplement blocks included in a
route with subjective information useful for evaluating the
route (e.g., “icy during the winter”).

Our analyses have found that user work has had a positive ef-
fect on route finding in Cyclopath—user input has decreased
the length of the average route by 1 km since Cyclopath went
live [3] in the Summer of 2008.

FACILITATING GEOGRAPHICAL SOCIAL PRODUCTION

The process of social production of geographical data is more
complex than that of textual data due to the inherent complex-
ity of the data being gathered. For example, contributing to
Cyclopath’s road network involves not only using the graph-
ical editing tools to add the road segments on to the map,
but also setting their attributes correctly and connecting them

cyclopath.org
ikonings
Getypte tekst
27



appropriately to the rest of the network. However, in our re-
search and experiencewith Cyclopath, we have found success
with several techniques that can help elicit more GSP and fo-
cus it in areas where needed.

Direct input. A straightforward way of facilitating GSP is by
direct data input. We found that visually highlighting areas
where work is needed elicited more social production than
not doing so [3]. Additionally, we found that directing users’
attention to areas more familiar to them resulted in more GSP
when the work involved required local knowledge, such as
rating the bikeability of a road segment. We speculate that
this is because rating a road requires familiarity, but repairing
connectivity at an intersection does not: users can examine
aerial photos to make such contributions.

Matching GPS data. The proliferation of GPS-enabled de-
vices in recent times provides an excellent source of informa-
tion on where users ride. We implemented an Android appli-
cation for Cyclopath with the aim to study how GPS traces
can help facilitate GSP. We extended an Hidden Markov
Model-basedmap-matching algorithm to handlemissing road
segments. We tested our algorithm using Cyclopath map data
and GPS traces obtained from real-world usage of the mobile
version of Cyclopath. We found that even for conservative
cutoff distance values, our algorithm still found a significant
amount of missing data per set of GPS traces [5].

Harnessing route feedback. When one requests a route
on Cyclopath (or any other system), one has a tendency to
develop an evaluation about the obtained route. We ana-
lyzed 488 instances of private route evaluation through man-
ual coding using crowd-sourcing on Amazon Mechanical
Turk. We found that 24% instances contained positive eval-
uations about roads/areas whereas 48% contained negative
evaluations. Combined, 57% contained either a positive or
a negative evaluation. These could potentially be translated
into bikeability ratings. We also found that 51% instances
contained some objective information about roads, their sur-
roundings or about vehicles on them—potential candidates
for translation into notes or tags. Finally, 39% instances con-
tained descriptions of alternative routes. These descriptions
may help us improve Cyclopath’s route-finding algorithm as
well as indicate road segments users like/dislike.

INTER-DISCIPLINARY BENEFITS

Unlike Open Streep Map, Cyclopath did not start out as a
blank map: Its database was initialized with the best existing
geographic datasets available to us – road and bicycle facil-
ity datasets provided by the Minnesota Department of Trans-
portation. As a result, Cyclopath was able to provide route-
finding services from the day it went live. This is a clear
instance of Geography benefitting HCI.

Cyclopath also experiences the otherwise: HCI benefit-
ting Geography. The recent years have seen the devel-
opment of several map-based, citizen science applications
that have been useful for planning purposes. For ex-
ample, FixMyStreet (fixmystreet.com) and SeeClickFix
(seeclickfix.com) empower citizens to report potholes and
local issues from their neighborhood on a map so that the city

authorities’ attention can be directed towards them.

We designed a novel bicycling route analysis tool built on top
of Cyclopath. It empowers transportation planners to ana-
lyze cycling routes and connectivity in the transporation net-
work by tapping into the local knowledge of citizens through
an easy-to-use web interface. Using this tool, planners can
perform tasks such as bikeability gap analyis and alternatives
analysis that help them decide where to focus their bike facil-
ity development efforts [1].

Route analysis on Cyclopath gets its distictive advantage over
other, similar, planning tools due to the underlying geowiki
architecture. First, Cyclopath’s transportation network is
maintained by citizen cyclists who often add shortcuts such
as parking lots (segments valuable to cyclists, but not found
on traditional maps that are designed for motor vehicles) to
the map. Second, user-gathered bikeability ratings make for
more personalized route-finding [4]. Together, these factors
make route analysis more accurate and closer to the ground
reality. Finally, user-gathered notes help in understanding the
results of route analysis tasks and in understanding why users
like or dislike certain road segments.

PRIVACY CONCERNS

Due to the geographic nature of Cyclopath activity, privacy
could be a concern. In most systems, selecting “where” to
view or edit means choosing a topic of interest, but in Cy-
clopath, it means choosing an area. The relationship between
editing and viewing is unusual because editing is public be-
havior but viewing is private. Therefore, to the extent that
viewing and editing are correlated, users’ private activity may
be inferred.

To see if viewing and editing activity are related, we looked at
the association between users’ viewport coverage—the frac-
tion of a user’s viewports that are intersected by any object
modified by that user—and the number of revisions made by
that user. We found that viewport coverage increases with
the number of revisions and approaches completeness for the
most prolific editors [2]. In other words, the more users edit,
the more they are revealing about their private viewing ac-
tivity. Follow-up studies with users are needed to investigate
how sensitive they consider their viewing activity to be.
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Umeå University, Dept of CS
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ABSTRACT
This position paper makes a case for the need topredict
pedestrian position andschedule communication acts in mo-
bile navigation systems. In our work, carried out in the con-
text of a voice guided city navigation system, we have found
that improperly timed route instructions are a major cause of
failure in guiding pedestrians in unknown environments. Fur-
thermore, the need to communicate other information while
guiding users on routes, as well as complications caused by
network latencies, occurs often enough to require that we be
able synchronize communication acts with user position as
they follow a route. This has led us to focus our efforts on
scheduling utterances to maximize route following success.

In this position paper we motivate this problem and present
our initial approach and findings which should be of interest
to others engaged in similar efforts in both the Geography and
HCI communities.

Author Keywords
location-based systems; natural user interfaces; navigation
systems; pedestrian interfaces; open street maps

ACM Classification Keywords
H.5.m. Information Interfaces and Presentation (e.g. HCI):
Algorithms, Design, Human Factors, Reliability

INTRODUCTION
The automated generation of route directions has been the
subject of many recent academic studies (see, for example
[10, 9, 4, 8, 11, 5, 2, 6]) and commercial projects (e.g. prod-
ucts by Garmin, TomTom, Google, Apple, etc.). While most
focus has been dedicated to automobile drivers, there has
also been an effort to provide route directions to pedestrians
(e.g. Google and SIRI). The pedestrian case is particularly
challenging because the location of the pedestrian is not just
restricted to the road network and the pedestrian is able to
quickly face different directions. In addition the scale ofthe
pedestrian’s world is much finer, thus requiring more detailed
data representation. Finally the task is complicated by the
fact that the pedestrian, for safety, should endeavor to keep
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Figure 1. Guiding a pedestrian on a route near GeoHCI’s venue.

their eyes and hands free – there is no room for a fixed dash-
board screen to assist in presenting route directions. We take
this last constraint at full force – following [1], in our proto-
type there is no map display; the only mode of presentation
is text-to-speech instructions heard incrementally through the
pedestrian’s earpiece.

Thus we focus on the problem of providing incremental spo-
ken route directions to guide a pedestrian from their current
position to a given destination. Such a problem yields a direct
metric of evaluation:what is the system’s effectiveness, mea-
sure in time to destination or minimized deviation from route,
in guiding pedestrians from a given initial position to a given
destination position?; The narrow position that we argue in
this paper is that measures on this metric will be boosted con-
siderably for systems that explicitly predict user positions and
use scheduling to synchronize utterances with user position.
We shall ultimately test this position by systematically com-
paring ascheduling approach with a reactive approach. The
broader position argued for in this paper is that general user
position prediction and scheduling of communication actions
can be supported in modular components that can, without
difficulty, be integrated into a variety of location-based navi-
gation applications.

CONCEPTS
Consider Figure1. Here we see a map, based on an export
of OPENSTREETMAPS data[3], of a portion of Paris near to
CHI’s conference venue. We also observe a path that demar-
cates a route that the user is following (we shall follow the
terminology of [10]). On the right-hand-side of Figure1 we
see a record of utterances that have been issued to the pedes-
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trian to guide them along their path. Since our goal is to max-
imize the probability that the user follows the path, there is a
mix of simultaneousstrategies that are employed with little
rest between utterances.

While the main strategy is to describe the turning actions
(turn sharp right now!, you will be turning right in about 20
seconds), another strategy is to give positive feedback to en-
courage the user that they are pursuing the right path (e.g.You
are going the right way, continue walking.). Another strategy
is designed to inform the user that they are walking in the
direction of their goal (e.g.You are facing directly in the di-
rection of your goal. It is approximately 400 meters away).
Yet another strategy provides descriptions of what the user
should be seeing along the way (e.g.you should see a large
white building about 200 meters in the distance.).

THE SCHEDULED APPROACH
Let us consider how one could support these simultaneous
strategies and contrast two primary approaches: areactive
approach versus ascheduled approach. In the reactive ap-
proach, the system waits until the user arrives at certain points
or, more generally, their trajectories meet certain conditions.
At such points events are triggered which result in utterances
being generated and voiced on the device. If this is imple-
mented on the server side, then there will be some latency
before the actual voicing of the utterance. Also if a particu-
larly long utterance is being voiced, or if the user is moving
more quickly than anticipated (e.g. on a bicycle), then the
system may in fact miss presenting turn instructions in time.
We have implemented a reactive approach earlier [7] and it
often had such problems.

We contrast a reactive approach with a more sophisticated,
scheduled approach. In such an approach, a schedule of fu-
ture utterances is maintained. The most important utterances
are associated with turning actions at decision points. Still,
given that often the user will be traversing a path segment,
other strategies also have room for their associated utterances
to be scheduled. Utterances have start times, durations and
pragmatic effects (e.g. enabling the user to correctly turnat
a given branching point). The start times are projections into
the future for when a given utterance will be issued. Once
this time becomes equal to the current time, plus predicted
latency, the call to voice the utterance is invoked. Obviously
scheduled utterances may not overlap in time.

An interesting aspect of the scheduled approach is that within
it one must represent a model of the user from which to gener-
ate predictions. This includes predicting the pace that theuser
will follow the route as well as the effect that utterances will
have on their path. Such models can be more or less sophis-
ticated. A simple model, that we terminertial, assumes that
the user follows instructions perfectly and that their speed is
constant (determined by sampling). That is the user contin-
ues in their given direction at their given pace, and responds
perfectly to turn commands. Strictly speaking, such a model
does not compel anything other than the most basic turning
utterances. A slightly more complex model, where we as-
sume that the user has a probability of making wrong turns

(or failing to make turns), will explain the addition of ex-
tra utterances so long as these utterance’s pragmatic effect is
modeled as decreasing the probability that the user makes a
wrong decision. There are many interesting user models to
be developed around this problem, and much to be evaluated
empirically with real pedestrians. One particularly interesting
avenue of work will involve learning probabilistic models of
the user from large samples of observed user data.

Other interesting issues are algorithmic and systems oriented.
For example, in the most general case, we will wish to calcu-
late a schedule that maximizes expected utility over a prob-
abilistic user model. Note that the given user model may be
considered orthogonal to the scheduling algorithmic, so long
as it (the user model) is probabilistic. The computational
complexity of the scheduling algorithm must be reduced to
within bounds that allow real-time deliberation on modern
hardware. In addition we will consider what parts of the cal-
culation should occur on the mobile client and which on the
server. Finally there are a whole host of issues around decid-
ing when we should call for rescheduling of utterances.

INITIAL TECHNIQUES AND DEMONSTRATION
We have developed an Android-based platform for incremen-
tally presenting spoken route directions to guide pedestrians
to destinations. Our approach [7] makes heavy use of stored
procedures and triggers in an underlying POSTGIS spatial
database. In fact most of the ’intelligence’ of our prototype
resides in database stored procedures and tables. We have
a base line reactive system as well as an initial scheduling
approach. The initial scheduling approach uses an inertial
user model for predictions. We are actively developing newer
more sophisticated user models and we are also improving
our scheduling and rescheduling algorithms.

We will be able to demonstrate our system live to interested
GeoHCI participants in Paris. That we will guide interested
persons on a tour around the region of the conference venue.
In addition we will present a video demonstrating how we
built the spatial database for Paris including the definition of
tours and the authoring of various utterances.

CONCLUSIONS
We have presented here our ideas on the necessity to schedule
utterances for users of navigation systems. Embedded within
this requirement is developing user models that can be the
basis of prediction. We suspect that this argument will also
apply to more general multimodal interfaces as well. Finally
we anticipate that the scheduling part of the algorithm will
cleanly separate from the predictive user model part, and that
alternative configurations of these components will suit dif-
ferent architectures, platforms and applications.
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ABSTRACT 
Stadium events present ideal research opportunities to 
exploit pervasive technologies that can enhance visitor 
experiences. The Digital Stadium project is partnered with 
the brand new AMEX Community football stadium that is 
home to rising stars of the second tier of the English 
football leagues; Brighton and Hove Albion. As well as 
presenting an overview of our work we also draw attention 
to some of the key themes of the project that centre on both 
human and cultural geography and the study of our 
relationship with space and place. We also discuss the 
methods we are using in our research that form the 
backdrop to our software designs that aim to enrich the 
experience of the supporter community. 
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INTRODUCTION 
Researchers at eMarketer recently predicted the number of 
smartphone users in the UK will more than double between 
2012 and 2016, from 19.2 million to 41.9 million, and user 
behavior will change accordingly [3] As this increasing 
market penetration continues, the smartphone will become a 
central part of the customer experience in a wide variety of 
contexts.  

Considering the experience of a football match in a stadium 
environment, we are already seeing these mobile devices 
become linked to: 

• Ticketing – to search, order and hold the electronic 
ticket 

• Individual’s seat – for example, the recent London 
Olympics had wired connections that enabled 
devices 

• Direct marketing – such as food and merchandise 
offerings 

• Modes of transport – travel updates and timetables 
• Way finding – on the way to (maps and directions) 

and within the stadium (layout plans and 
directions) 

• Geography – weather and location information 
(local facilities) 

• Leisure – social networks 
• The event itself – scores, commentary, statistics 

and so on 
However, the numbers and density of people and their 
likely interaction patterns make it difficult to provide 
adequate bandwidth with larger range networks, which 
when combined with the concrete and steel construction of 
the stadium make network provision a serious technical 
challenge. The city of Brighton has approximately 155,000 
inhabitants and match attendance that is almost at 30,000 
which is a significant population migration that local 
infrastructures have to contend with. 

Broadly speaking our research is concerned with two main 
research problems. The first is to build a networking 
technology that can compensate for the impoverished 
capacity available within the stadium.  Our approach is to 
use a pocket switched network, using direct inter-
connection of the smartphones [7].  However, such 
technologies are still rare, and there are significant 
challenges to manage here; in particular users’ trust and 
willingness to share their connection with fellow fans as 
well as having their security concerns appeased.  We will be 
building on the implicit relationships between the fan, the 
football club and their fellow fans to engender the necessary 
trust. 

The second general area of our research is concerned with 
understanding the stadium visitors’ experience and enabling 
the provision of services across this network and its 
management. It is this area that blends HCI with Human 
and Cultural Geography that we discuss in this article. 

THE FOOTBALL STADIUM 
Football is the most popular sport in the world and brings 
the masses together in the stadium, and in front of 
televisions in homes or at bars. There are over 11,000 
stadiums with capacity greater than 10,000 visitors that are 
situated around the world [2]. The football crowd is a social 
construct that has a culture extending beyond the stadium 
and the sporting event. Nonetheless it is the stadium 
containing the event itself that is the primary focus of the 
fans’ experience. In 2006 during the UEFA World Cup in 
Germany a multidisciplinary team worked together on a 
seminar series made up from a variety of academic 
perspectives; geography, architecture, archaeology, history, 
sociology and philosophy [4]. Although technology use did  
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not feature in these essays it provides an intriguing array of 
perspectives on the ‘beautiful game’. One of the regular 
discussion points revolves around the notion of ‘topophilia’. 
Topophilia (literally defined as love of place) refers to a 
place that generates strong feelings of affection. The 
stadium and the journey to and from it on a match day are 
what outline the fans’ experience of these cultural events.  

Bale describes a series of ways in which the stadium could 
be constructed and interpreted such as; sacred place, scenic 
space, home, tourist place and finally as a place of local 
patriotism [1]. The stadium is both a social and a physical 
space that facilitates intense economic, social and cultural 
development. Traditionally (certainly in the UK) these 
stadiums were situated in the heart of a community, mainly 
built in the early 20th Century before the motorcar was 
commonplace. As such, the experience of going to the 
match there was a strong focus on the surrounding 
geography; the sites and spaces that made up that local 
community such as the pubs, shops, fast food, bookmakers, 
stall sellers, alleyways and streets formed part of the 
journey to and from the stadium [5]. 

“The stadium only takes effect as place through 
the spatial practices and rituals of football 
fans…the atmosphere of dense geography is 
created which leads to a strong bond between the 
fans and the stadium.” [4] 

OUR WORK 
We are running our project utilizing user-centered design 
principles central to HCI. Indeed HCI has a long history of 
embracing methods and techniques from a variety of 
academic disciplines and industries. Traditionally these 
have been from psychology, sociology, ergonomics, 
marketing and so forth, and quite naturally geography is an 
extension to these resources from which to draw. 

Stakeholder and fan engagement 

As we progress with this project between now and the 
summer we are running a series of user-research activities.  
We have already conducted an online survey polling season 
ticket holders via the Club that resulted in over 1,500 
individual responses. This provided confirmation that 
stadium connectivity issues are a problem, understand the 
kinds of devices people had and the extent to which they 
were used within the match day experience. 

From our data set we have canvassed 100 users from a 
single stand within the stadium who will partner in our 
research. We shall go on to undertake a variety of user-
engagement exercises in the development online services 

that will sit upon the shared network technology being 
developed as part of the project. These research activities 
include ethnographically based field-work; shadowing 
different fan profiles (e.g. father and son) on match day in 
order to fully understand how technology already plays a 
part in the match day experience and when there are 
opportunities for technology to ‘fill a gap.’ These activities 
will inform the development of the project prototypes and 
regular engagement and feedback sessions are planned 
during beta-testing and wider scale user-acceptance testing.  

As well as a physical connectedness to an area it is now 
familiar to have a digital connection to a particular place 
especially as location facilities are commonplace on modern 
mobile devices. Particular visualizations provided by 
geographic community such as modern mapping tools and 
way-finding services will be of particular interest to the 
project as it  

The seminar series around the 2006 World Cup in Germany 
demonstrates that this kind of high profile event can be 
viewed through a variety of lenses. Similarly the proposal 
for the workshop’s virtual tour of Paris could examine the 
history of Paris, its geography, architecturally and so on. 
How these different perspectives are presented to a user via 
current technology is of particular interest to our project. 

Our presentation will highlight our insights as we move into 
the week preceding the last game of the season and the final 
stage of this project.  
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ABSTRACT 
In this paper we argue for new investigations into the nature 
and value of geographic expertise in users recruited to take 
part in GeoHCI studies. Distinct from spatial ability, 
geographic expertise (GE) refers to the geospatial 
competencies that a user possesses. Our GeoHCI 
experiences suggest several research goals for 
characterizing GE and judging its value in GeoHCI studies. 
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INTRODUCTION 
Eliciting expert feedback is a central focus for many user-
centered design and evaluation activities of geospatial 
information systems (GeoHCI). While the use of non-
experts in GeoHCI studies remains common, most authors 
will highlight the fact that such studies would benefit from 
experts. It is taken for granted in the GeoHCI community 
that this is true. Here, our intention is to explore the nature 
of geographic expertise (GE) and to identify key questions 
that must be answered in order to better understand when 
having expert users is important, and the ideal ways in 
which we can measure or characterize their GE. 

DEFINING GEOGRAPHIC EXPERTISE 
The geospatial profession is growing rapidly in every way. 
In the U.S. alone, the Department of Labor estimates that 
more than 300,000 jobs in the geospatial technology sector 
will need to be filled over the next decade [4]. At the same 
time, what constitutes the geospatial profession continues to 
diversify. Remote sensing, cartography, spatial analysis, 
spatial software development, and location intelligence are 
just a handful of the sub-domains that constitute the larger 
geospatial profession. Recent efforts by the University 
Consortium for GIScience to define a body of knowledge 
for Geographic Information Systems and Technology 
(GIS&T) for use in education have yielded a compendium 
[2] that identifies over 1600 educational goals that are 
important for aspiring geospatial professionals to learn. 
Other recent efforts by the U.S. Department of Labor to 

define core competencies for geospatial professionals have 
resulted in complex, comprehensive models of geospatial 
industry [1] and geospatial management [3] skills. 

Amidst this broad range of forms of GE, the GeoHCI 
research community is faced with a fresh challenge to better 
define, disambiguate, and understand such expertise. In 
addition, we should explore its relative impact on the user-
centered design activities we wish to pursue. We need to 
know what GE is, and whether or not it matters. 

Here we define geographic expertise as the set of geospatial 
technology and methodology competencies that a user 
possesses. GE is distinct from cognitive spatial ability, 
recognizing the fact that a wide range of measures already 
exist for eliciting and understanding aspects of a person’s 
overall spatial ability, and the fact that spatially-able people 
are not necessarily involved in a geospatial profession. 

EXPERIENCES FROM GEOHCI STUDIES 
Geographic experts have played prominent roles in a wide 
range of recent GeoHCI studies. Typical goals for such 
studies are to elicit design requirements for new geospatial 
systems, to evaluate current/prototype systems to suggest 
future refinements, or to explore cognitive and perceptual 
processes that relate to geographic knowledge or systems. 
At Penn State, we have experience with these major types 
of studies; employing experts and non-experts to achieve 
these goals. Anecdotally, our most valuable GeoHCI 
experiences with experts have been projects that attempted 
to develop and iteratively refine systems designed to be 
used by experts [10]. Our studies on perception [6], and 
cognitive processes [11] seem not to suffer from a lack of 
expert involvement, compared to non-expert student 
participants. However, we have not completed the research 
necessary to draw clear distinctions regarding the value of 
expertise for different types of GeoHCI studies. 

RESEARCH PRIORITIES 
Here we present four research priorities for elaborating 
upon the nature and value of GE in GeoHCI. There are 
certainly other important questions beyond these. 

Can we categorize users based on types of geographic 
expertise? 
The aforementioned efforts to define a body of knowledge 
for GIS&T and core industry and management 
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competencies for professionals provide a range of potential 
mechanisms by which we could categorize GeoHCI study 
participants. We need to develop best practices for 
categorizing participants by expertise. We do not know if 
efforts to define discipline competencies fit well with real-
world user populations that we wish to engage for GeoHCI 
studies, and we lack the means to easily assess these 
competencies through pre-tests or other mechanisms.  

How does spatial ability relate to geographic expertise? 
A wide range of measures of spatial ability are available to 
characterize participant aptitude for spatial proficiencies. 
Future efforts should identify whether or not spatial ability 
relates in any manner to particular types and/or amounts of 
GE. One recent study found no relationship between spatial 
ability and expertise [5], although the study did not stratify 
expertise, relying instead on years of work experience 
alone. Furthermore, we need to know if it is possible that 
one or the other may better explain variation among user 
performance in GeoHCI cognitive and perceptual 
experiments where speed and precision can be measured. 

How much geographic expertise makes a difference? 
It remains an open question as to what extent a long career 
in a geospatial profession adds value to participant pools for 
GeoHCI studies. We need to understand how many years of 
experience, types of geospatial competencies, and types of 
geospatial professions a particular user may need to have in 
order to make a noticeable impact on our ability to conduct 
meaningful GeoHCI science. For example, previous HCI 
work has focused on understanding how many users it takes 
to identify most usability problems [8], and we argue here 
to explore the extent to which we can identify sweet-spots 
for recruiting experts (both in terms of numbers and 
professional diversity) for GeoHCI studies. 

Does geographic expertise explain perceptual and 
cognitive differences? 
Recent research has focused on exploring potential 
perceptual and cognitive differences between those who 
have GE and those who do not [9]. Much more needs to be 
known regarding the types of GE that may cause 
differences to appear in visual and cognitive processes as 
pertains to interacting with geospatial information. 
Advances in eye-tracking technology make new forms of 
perceptual studies more approachable than ever, while rich 
methods such as the long-term case study approach [7] may 
reveal deeper cognitive processes among experts. 

CONCLUSION 
While a great deal of progress has been made on 
understanding user’s spatial abilities and their impact, much 
less progress has been made on understanding geographic 
expertise. Such progress is essential to support the further 
development of efficient and effective GeoHCI methods. 
Given the time and capital associated with recruiting expert 

users, we need to know how to best utilize those 
participants. The nature of GE is already complicated, and 
the rapid growth of the geospatial profession will increase 
that complexity over time, thereby calling for a more 
nuanced understanding of GE’s impact on GeoHCI studies. 

REFERENCES 
1. DiBiase, D., Corbin, T., Fox, T., Francica, J., Green, K., 

Jackson, K., Jeffress, G., Jones, B., Jones, B., Mennis, 
J., Schuckman, K., Smith, C. and Van Sickle, J. The 
new geospatial technology competency model: bringing 
workforce needs into focus. URISA Journal, 22, 2 
(2010), 55-72. 

2. DiBiase, D., DeMers, M. N., Johnson, A. J., Kemp, K. 
K., Taylor-Luck, A., Plewe, B. S. and Wentz, E. A. 
Geographic Information Science and Technology Body 
of Knowledge. Assoc. of American Geographers, 
Washington, D.C. 2006. 

3. DiBiase, D., Kennelly, P. and Babinski, G. Geospatial 
Management Competency Model. URISA, 2012. 

4. Francica, J. Jobs, Jobs, Jobs, After All, It's About 
Geospatial Jobs. Directions Magazine (2012) 

5. Ishikawa, T. Geospatial thinking and spatial ability: an 
empirical examination of knowledge and reasoning in 
geographical science. The Professional Geographer, 64 
(2012). 

6. Li, R. and Klippel, A. Wayfinding in libraries: can 
problems be predicted? Journal of Map & Geography 
Libraries: Advances in Geospatial Information, 
Collections & Archives, 8, 1 (2012), 21-38. 

7. Lloyd, D. and Dykes, J. Human-centered approaches in 
geovisualization design: investigating multiple methods 
through a long-term case study. IEEE Transactions on 
Visualization and Computer Graphics, 17, 12 (2011), 
2498-2507. 

8. Nielsen, J. and Landauer, T. K. A mathematical model 
of the finding of usability problems. In Proc. CHI '93, 
ACM Press (1993), 206-213. 

9. Ooms, K., De Maeyer, P., Fack, V., Van Assche, E. and 
Witlox, F. Investigating the effectiveness of an efficient 
label placement method using eye movement data. 
Cartographic Journal, 49, 3 (2012), 234-246. 

10.Robinson, A. C. Supporting Synthesis in 
Geovisualization. International Journal of Geographical 
Information Science, 25, 2 (2011), 211-227. 

11.Roth, R. E., Finch, B. G., Blanford, J. I., Klippel, A., 
Robinson, A. C. and MacEachren, A. M. Card Sorting 
For Cartographic Research and Practice. Cartography 
and Geographic Information Science, 38, 2 (2011), 89-
99. 

 

 

ikonings
Getypte tekst
36



 

Collective and Individual Mental Maps of the City in Social 
Awareness Streams 
Raz Schwartz and Mor Naaman 

Rutgers School of Communication and Information 
{raz.schwartz, mor}@rutgers.edu 

 
ABSTRACT 
Geo-tagged social media data provide a way to uncover 
users’ perception of the city, namely, their mental map. In 
this article we examine the elements that assemble an 
online mental map and discuss the differences between the 
depiction of an individual and collective mental maps using 
these data. 

INTRODUCTION 
In recent years, we are witnessing an emerging class of 
communication and information platforms some call social 
awareness streams (SAS) [10] such as Facebook, Twitter, 
Instagram, Foursquare and Flickr that enables users to post 
geo-tagged content items. Most often, these items are 
associated with location coordinates in the form of latitude 
and longitude, or with the precise location of a venue. 
Consequently, studying the vast amounts of these geo-
tagged SAS data in a local context offers unique 
opportunities for understanding communities and people’s 
attitudes, attention, and interest in them. 

Utilizing methods from Artificial Intelligence, Information 
Retrieval and Natural Language, researches can now 
uncover a mental map of the city [9] based on geo-tagged 
SAS information. Although looking at depictions of mental 
maps through digital technologies has been studied before 
[7, 12], In this article we examine Lynch’s [8] five elements 
that make up an individual’s mental map of a city (districts, 
landmarks, paths, nodes, and edges) through the lens of 
SAS data and consider their application to geographic 
information systems (GIS). These include boundary 
definition and detection (districts and edges); computation 
of attractions (landmarks); derivation and recommendation 
of paths; and evaluation of points of intense activities, 
interests and temporal trends (nodes). Finally, we conclude 
by discussing the differences between the collective and 
individual mental maps and the implications of these 
differences to the design process of data retrieval and 
presentation in GIS. 

DISTRICTS AND EDGES 
The first mental map element we can retrieve from geo-
tagged SAS data is the computation of districts and 
boundaries. For example, Flickr had learned from the 
coordinates of photos and neighborhood metadata that were 
corrected by users to create outlines for various (known) 
regions and neighborhoods [1]. More recently, Cranshaw et 

al. studied Foursquare check-ins data to map the different 
areas of a city based on collective behavior patterns [3]. 
However, in SAS, exceedingly more geo-tagged 
information is made available about mundane, everyday 
activities, that will allow the modeling of temporal districts 
and regions, as well as help model these regions as they are 
seen by different communities (e.g. visitors vs. locals, 
young versus old). Note that this opportunity to distinguish 
between geographic meanings ascribed by different 
communities is true for all the elements listed in this article. 

LANDMARKS AND ATTRACTIONS   
SAS offers an opportunity to detect landmarks, reason 
about their attributes, and even their relative importance. 
These landmarks may range from widely recognized, 
prominent landmarks such as mountains, towers, or bridges, 
to local features such as plazas, statues, and even cafes. In 
early work using social media, Ahern et al. [1] created a 
World Explorer that used tags on Flickr geo-tagged photos 
to explore geo-specific tags on the world map, in any region 
and at any zoom level. Again, due to the type of content 
initially available (a fairly large proportion of tourist photos 
[4]), these detected landmarks are somewhat driven by 
tourist activity. For example, Foursquare offers 
opportunities to better understand various attributes of 
landmarks and their social use. Using information from 
SAS, GIS systems can create better models of landmarks 
like their area of “influence” and visibility, and their 
importance to various populations as well as create a visual 
summary improving the user interaction [6].  

PATHS  
Lynch’s paths are “channels” along which people 
customarily, or occasionally, move [7]. Indeed, beyond 
landmarks, SAS information embeds data about how people 
move inside different geographic areas. Two subsequent 
posts from the same user in different locations, can be 
combined into a segment; multiple segments from many 
people can help us reason about common paths between 
landmarks or places. For example, social media in the form 
of geo-tagged photographs was used to gain insight about 
the paths of tourists through cities, and to recommend 
itineraries for tourism based on other people’s paths [2]. 

NODES  
Jane Jacobs argued that it is the activities in cities and 
neighborhoods that make them attractive to people, both 
residents and visitors [5]. SAS data provides an opportunity  
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to discover, and model, human activities in specific venues. 
What activities do people perform in different locations, 
and what are the temporal regularities (or irregularities) of 
these activities? [4] SAS information can expose activities 
and interests of local communities, allowing us to 
understand the dynamics and patterns of urban and 
geographic activity. Moreover, these patterns can be 
associated with other key terms or sentences (using 
traditional NLP and IR methods) that explain them, or draw 
out differences between particular activities and times. 

COLLECTIVE VS. INDIVIDUAL MENTAL MAP 
By examining the five above-mentioned elements along the 
social ties data that is available on SAS, we can uncover 
two types of mental maps of the city: a collective and an 
individual one. Each represents different views of the city 
and can be used in changing scenarios by various end-users.  

Collective mental maps provide a bird’s-eye view of the 
city. This mapping often emphasizes the aggregation of 
data in the form of a tool to identify group patterns on large 
scale. Collective mental maps are beneficial to local 
organizations such as newsrooms, local government 
employees and urban researchers as they offer access to 
local insights that would otherwise be difficult to 
impossible to retrieve. Moreover, with the growing access 
to real time SAS data through various application 
programming interfaces (APIs), collective mental maps can 
now provide both live and historical representations of 
activity in the city. Consequently, these mappings can cater 
the needs of local journalists that seek information about 
breaking news as well as urban planners that trace activity 
patterns over time.  

Although this type of mapping is currently biased towards 
certain communities, the growing use of this technology 
can offer opportunities to represent important aspects of the 
city such as its diverse cultural groups, the changing 
character of various areas throughout the day and the effect 
of tourists activity on the city.  

Individual mental maps, on the other end, generate a 
personalized depiction of the city based on the user’s 
specific geographic activity and social ties. Although one 
might argue that mental maps, representing a distorted view 
of reality, can not be captured by longitude and latitude 
coordinate, SAS information does provide access to this 
type of skewed perception as users choose the venues they 
would like to share with their friends. This type of mapping 
offers a glance into the urban experiences of the individual 
user. Through this, GIS systems can recognize the unique 
elements (paths, districts, nodes etc.) that apply for each 
user and thus provide relevant information in the form of 
recommendations for places, people and activities. 
Moreover, individual mental maps provide users a way to 
evaluate and document their activity over time. 

Understanding and correctly modeling and designing these 
two types of mental maps based on their end-users’ 

requirements while taking into consideration each of their 
biases offers high potential in improving GIS systems. The 
association between people’s activity, the places they 
frequent and their social ties can advance the precision of 
GIS tasks such as detecting geographic references, tracing 
transportation and flows of people as well as ranking, 
presentation, and recommendation of local content. 

SUMMARY AND CHALLENGES 
This article outlines the way in which geo-tagged data from 
Social Awareness Streams can help reveal the mental map 
of a city. As technology companies already practice 
sophisticated individual social information retrieval as part 
of their search engine, social GIS systems can utilize the 
mental map concept to enhance their reach to both local 
groups and individuals. 

To summarize, by studying the various online elements that 
construct mental maps and understanding the difference in 
purposes and use between collective and individual maps, 
we have the potential to provide individuals and 
organization better GIS systems that will offer specific tools 
and customized results to the study and exploration of the 
urban habitat. 
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ABSTRACT
Mobile sensing - the idea to use smartphones as sensor

nodes - is picking up steam inside various communities. A
major challenge with mobile sensing is the uncontrollable
sensor movement. It depends on the people and they might
not measure where measurements are needed. Thus, the re-
sulting data can become almost unusable. The main research
question we want to ask in this position statement is: How
can we influence and improve the spatio-temporal coverage
in urban sensing applications? We will try to give some first
ideas, by sharing the experience we gathered implementing
Noisemap and the Incident Reporter application.

Author Keywords
Urban Sensing; Location-awareness; Spatio-temporal Coverage.

INTRODUCTION
Today everybody can be a mobile sensor. Through the

accelerated adaptation of smartphones mobile devices are
carried all day. They are equipped with an ever increasing
amount of new sensors. People take pictures, record sounds,
and share location information using their devices. Further-
more, the captured information can easily be shared using the
build in wireless connectivity. Hence, more and more peo-
ple are engaged as mobile sensors collecting data everywhere
and all the time. This data collection process is known as ur-
ban sensing, participatory sensing, human-centered sensing,
or opportunistic sensing [1].

Most of the times a urban map is created that provides
valuable information to citizens and other urban stakeholders.
But the collected data and the applications can be used for
different use cases. For example, applications have been im-
plemented for urban infrastructure (e.g., NoiseTube, FixMyS-
treet, NoiseSpy), disaster management (e.g., Outbreaks Near
Me, Ushahidi, RapidSMS), and health monitoring (e.g., Di-
etSense). Over the past years several key challenges of ur-
ban sensing [4] have been identified and investigated (e.g.,
energy consumption of mobile devices during sensing cam-
paigns, the recruitment of participants, and privacy issues).
One key challenge has not been investigated enough. In or-
der to enable more complex applications to take advantage
of the data we need to discuss the challenge of a controlled
spatial-temporal coverage. What does this mean?

The movement of a mobile sensor is controlled by the
user. From he perspective of the data collector this movement

Copyright is held by the author/owner(s).
CHI 2013 Workshop GeoHCI, April 27–28, 2013, Paris, France.

this might seem random and, more importantly, almost un-
controllable. This poses a set of hard challenges which we are
going to discuss in the next section. What we want is either
a high spatio-temporal data coverage and a high data quality
(e.g., for training machine learning models). Or, for sensing
campaigns (e.g., during disaster response and recovery) we
want a high peak in data density for a small set of specific
locations at a very specific time. In the past, some research
has focused on increasing the spatio-temporal coverage [5].
However, in order to increase and modify the spatio-temporal
coverage significantly, we have to take the user into account.

The challenges and design considerations we are going to
present are based on our previous experience with develop-
ing urban sensing applications for different use cases. First,
Noisemap [3] for measuring urban noise pollution. Noisemap
is a opportunistic sensing application with the goal of cover-
ing as much area as possible by people measuring whenever
there is a chance to measure. Second, the InfoStrom Incident
Reporter [2], which can be used for creating incident reports.
The reporter has a campaign model, where information from
specific locations is requested as the incident happens. These
experiences help facilitate the challenges and we hope they
provide some brainstorming ideas.

CHALLENGES IN SPATIO-TEMPORAL COVERAGE
Deriving valuable information from urban sensing appli-

cations is highly dependent on the gathered data set. Noise,
missing data or statistical bias makes creating highly accurate
machine learning models almost impossible. Sometimes it is
hard to even infer any result at all. In urban sensing applica-
tions most of the data is created in heavily trafficked road sec-
tions or at crowded places. In contrast, in much less crowded
regions or at uncommon time periods no or few data is gath-
ered. This phenomenon results in the main research question:
”How can we influence and improve the spatio-temporal cov-
erage in urban sensing applications?”. In the following para-
graphs we splits this into a number of smaller questions.

The first questions is: ”How can we make people aware
of the spatio-temporal coverage?” On one side, opportunis-
tic applications are running as background processes. Here,
people are unaware if they are gathering data at a common or
uncommon location. On the other side, the campaign model
requires direct feedback for the users on where she/he should
measure. The feedback needs to be unobtrusive. But, even if
users are made aware where they should measure, they might
chose not to do so. They need some extrinsic motivation to
change their usual measurement behavior.The definition of
good coverage also depends on the applications itself. Some
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applications need an equal distribution of measurements in
space and time (e.g., Noisemap). Other applications are only
interested in specific locations at certain times (e.g., Incident
Reporter). All of this has to be considered when trying to
guide people to the right location.

The second questions is highly related. It ask: ”How can
we provide a feedback channel to the user?”. Participants
are key to the sensing campaign. Mobile sensing’s unique
promise is to provide a scale not seen in any other sensing
approach today. But people must be motivated in order to
contribute. They need to receive a value from using the ap-
plication, either a real value or a perceived value. If user con-
tribute data to a project but there is no direct outcome it is
hard to keep them motivated. They will just stop using your
application. Currently there is some research looking at the
motivation to use an application. But the real question is not
about motivating users once but keep them using the applica-
tion over time. For that the experience shows that users need
to receive feedback on their absolute performance, on their
relative performance, and how their data is used.

Third, to increase spatio-temporal coverage, another im-
portant question is posed by the understanding of the exist-
ing data sets. This is used to identify open or low-density
measurement spots. Most of the times, measured data is dis-
played on maps, which are not sufficient in order to detect
these spots. This leads to a whole set of questions related to
preprocessing and analyzing the data. For other users such as
citizens or the city administration, it is more difficult or al-
most impossible to identify areas of low coverage, depending
on visualization. This leads to the question of: ”How to easily
identify spots of low coverage in the gathered data sets?”.

Fourth, there are systematic problems with user selection
in different areas, which have to be considered. There might
be a high user density in residential areas. Much higher as
compared to industrial or rural areas. But those users might
not be present during their daytime jobs. Noisemap sample
noise pollution and there might be a large different in day and
night noise levels in industrial areas. In those areas, however,
no sensor readings might exist at night. Furthermore, there
might be very crowded areas (e.g., shopping or city centers)
or rural areas. These aspects can be summarized in the ques-
tion: ”How to select and motivate appropriate participants to
increase spatio-temporal coverage?”.

IDEAS FOR SPATIAL-TEMPORAL COVERAGE
We present design considerations for coping with the

challenges presented in the previous section, from our past
experience in developing two different sensing application.

First, we can make a technical consideration. For some
applications it might be easy to guide people to areas of low
coverage (e.g., by displaying a map with traces or other navi-
gation aids). In contrast, some applications might collect data
in the background. In this case, easy navigation aids cannot
be displayed. Thus, it is necessary to guide people before
they join a sensing campaign or to use other types of interac-
tion like voice navigation.

Furthermore, depending on where open or low-density

measurement spots are located, appropriate participants have
to be found. People are more likely to collect data near their
residence. By inferring movement patterns the appropriate
participants can be found. This could for example be used to
guide people into regions a certain distance (e.g. 500m) from
their home or work location. In Noisemap something like this
was implemented. The users would see bonus areas scattered
in the same region they are most active. These bonus areas
would help them gather more points for the ranking. We ob-
served that users like incentive features as long as they are
unobtrusive. Other incentive features, such as achievements
or a ranking system worked much better, but only provided
a general, not specifically spatial, motivation. Both features
must be combined for a better spatial incentive system. Users
might get feedback on their measurement history, which dis-
plays open areas. Combined with a goal to achieve a 100%
coverage, traditional incentive mechanisms can be adapted.
Other ideas revolve around competitions between participants
in spatially restricted areas.

Without the use of incentives, people are intrinsically mo-
tivated to gather new data. In this case we can use the princi-
pal ideas of viral marketing. Here the action of an individual
influences the action or attitudes of other people. In social
media this is mainly triggered by word of mouth (WOM).
Attracting only a few (but the right) people in the beginning
of a sensing campaign, motivates other people to contribute
(e.g. during crisis situations). From past experiences we have
learned that these kind of mechanisms apply, but only if peo-
ple see a direct value as a result from their actions. Often
people report valuable information, but their is no feedback.
In this case a bi-directional channel between the moderator
of a campaign and the participant is helpful. Stating that a
problem was fixed, because you sent data to the local admin-
istrative or displaying the collected data on publicly available
platforms, is a good start. Nevertheless, though in these sce-
narios a high dissemination speed can be reached, there is
also a certain lack of control.
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ABSTRACT
Recent research has demonstrated that data collected from
ubiquitous sources can be exploited to estimate socioeco-
nomic factors. Here we discuss the kind of novel application
that can be built using this new understanding and the chal-
lenges presented.
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INTRODUCTION
The planet is undergoing a rapid population shift towards
urban environments, with an estimated growth of 5 million
new city dwellers each month in developing countries [13].
With rapid growth comes an ever increasing need for effec-
tive planning and management of urban infrastructure. To
efficiently allocate limited resources, policymakers and agen-
cies first need to identify which areas are in most need of
intervention in order to alleviate deprivation, where depriva-
tion is often a multifaceted concept such as the English Index
of Multiple Deprivation (IMD), which takes into account fac-
tors such as income, education and crime [8]. Currently, mea-
sures of socioeconomic factors are derived from survey data,
or summary statistics of data such as that pertaining to social
benefit claims and health, for example. A well known short-
coming of this approach is that measures can quickly become
out of date. For example, the latest version of the IMD was
published in 2010 yet pertains to data mostly from 2008 and
even partly from as early as 2001. Indeed, in many cases, full
censuses are undertaken only every ten years, and the larger
the assessment window, the more likely that problem areas
will deteriorate. Thus, developing new methods of identify-
ing urban deprivation swiftly, continuously and at low cost
would offer significant social and economic benefits.

Copyright is held by the authors/owner(s).
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The advent of large and rich datasets describing peoples mo-
bility and communication patterns, such as from telephone
call detail records (CDR), public transport usage and social
media, has instigated a plethora of research analysing hu-
man behaviour and the social networks reflected in these data.
Much of this work aims to discover features of human be-
haviour and relationships which relate to, and can thus be
used to identify, socioeconomic deprivation. Examples of
work in this vein include that by Kramer, who found that
the difference between the number of positive and negative
words used in Facebook status updates covaries with self-
reported satisfaction with life [6] and Quercia, et al., who
found that features of geolocated tweets [11] in London cor-
relate with IMD scores of neighbourhoods. The drawback to
relying on social media for determining community well be-
ing is of course the bias towards certain demographic groups
among the user base [9]. CDR offer a more robust, but still
somewhat biased, source of data from which to derive fea-
tures of communication and mobility patterns, such as in the
work of Frias-Martinez et al. who have investigated in detail
the use of CDR for producing estimated census maps [3].

A key element of the urbanisation process is the development
of public transport systems, many of which are adopting au-
tomated fare collection systems. These systems record the
travel history of passengers, making available a fine grained
and much more representative dataset depicting the move-
ment of people about the city. From this data we derived a
number of features with which we trained a classifier which
could identify areas of high deprivation. For example, by
modelling urban flow as gravity, we were able to quantify
flow restriction which provided a clue to the socio-economic
health of neighbourhoods [12]. The results of this research
are promising and suggest that before long we will be able
to provide up to date and continuous estimates of socioeco-
nomic factors, and indeed, provide forecasts based on the data
models. It is therefore important to consider what will be the
nature of the applications developed using these kind of data
models, who will be the users of these applications and the
ways in which users will be able to interact with the data.
Here we focus on a particular vision of a tool designed for
urban policymakers.

A MONITORING AND DECISION SUPPORT SYSTEM
For a reliable system to be developed which is able to high-
light areas likely to be suffering high deprivation, policymak-
ers would be concerned with having the most up to date es-
timate of an area’s socioeconomic level, as well being able
assess the effects of intervention and regeneration in differ-
ent areas. Creating a system that meets these requirements
would present a number of challenges. There is firstly the
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data mining challenge of discovering features in datasets and
determining the best performing models in terms of predic-
tive accuracy. Additionally, in order to be able to explore the
effects of intervention, it needs to be understood how differ-
ent areas affect one another. That is, how do the effects of
intervention (or indeed degradation) diffuse through differ-
ent interaction networks, for example through transport and
communication networks, or through simple adjacency (spa-
tial auto-correlation) or land use similarity.

Furthermore, we must consider what is the best way to rep-
resent these connections to the user. The second challenge,
or group of challenges, thus relates to the HCI aspect of the
system. A number of sources of uncertainty exist that need
to be appropriately conveyed to the user so that decisions are
not made under false pretences. Within the Geography and
Geographical Information Science literature there is a large
amount of work tackling the problem of how to communi-
cate the level of uncertainty in spatial data [4]. An example
of relevant work is that of Kardos et al., who identify three
kinds of uncertainty in the spatial visualisation of census data:
temporal, spatial and attribute uncertainty [5]. Temporal un-
certainty arises from data becoming out of date and thus is
largely avoided by the system under consideration. Spatial
uncertainty of census data is a consequence of aggregation
of individuals’ data to the area level. The true distribution
of an attribute within an area is unknown and the choice of
area boundaries can also affect the attribute values (Modifi-
able Unit Area Problem [10])). In our case spatial uncertainty
is introduced when defining how deprivation levels estimated
from interaction between nodes, (e.g., transit stations, tele-
coms antenna) relate to the surrounding area. For example, it
is not clear if the estimated value at a node should be assigned
uniformly to the area in which it is located (in which case the
choice of boundary will effect the results, or to a circular area
around the node, or a population weighted overlay of admin-
istrative areas and tessellation of the nodes. Finally, attribute
uncertainty in census mapping refers to the error due to sam-
pling or methodology in the census data acquisition, but in
the case of estimated values, the attribute uncertainty derives
from the error in the statistical models themselves.

A possible way to decrease uncertainty would be to over-
lay data models derived from the different kinds of dataset
mentioned above (social media, communication and mobility
networks), thereby increasing coverage and accuracy. This
would however increase complexity, thereby cementing the
‘black box’ nature of the system. The problem of complexity
in dealing with spatial data has led to the development of Spa-
tial Decision Support Systems (SDSS). These are GIS based
software tools that combine spatial data and algorithmic intel-
ligence, and which are designed to lubricate the spatial plan-
ning and problem solving process by enabling the exploration
of various alternate strategies through modelling, simulation
and prediction [1]. Examples of common use cases for SDSS
are land use planning [7] and urban infrastructure planning
[2]; problems which involve several conflicting criteria to be
satisfied. The kind of system we envisage could form part
of an SDSS that incorporates socioeconomic factors as new
criteria to be met.

In this position paper we have outlined a vision, and the
challenges in realising this vision, of a system which, by
building on the data mining methods developed in previous
work, can provide continuously updated estimates of socioe-
conomic factors, identify areas most in need of intervention
and forecast the effects of such intervention.
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ABSTRACT 
This paper discusses challenges of geolocating social media 
updates during crises, looking to the work of crisis mapping 
volunteers both to inform future computational solutions 
and as a design opportunity for GeoHCI researchers. 
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INTRODUCTION 
I did not intend to become a GeoHCI researcher. For me, 
there is nothing inherently interesting about geography, but 
there is something inherently geographical about my 
research area: crises. My work focuses broadly on the use 
of social media (SM) during natural disasters and other 
mass disruption events. The underlying hypothesis driving 
this research is that people experiencing crisis events are 
newly enabled to share information with each other and 
with the global audience, and that this information has the 
potential to improve situational awareness and help 
affected people and crisis responders make better-informed 
decisions [5]. Initially, I went searching for solutions to 
help make sense of what has become a flood of data 
flowing through these platforms during large-scale crisis 
events. That search led me to the digital volunteer 
communities working to assist during events by manually 
processing information from SM and other sources [2,3]. 
And those volunteers led me to the maps. 

Crisis Mapping Communities 
Several crisis mapping communities have sprung up in 
recent years. Often, these groups have emerged in response 
to a specific event. In some cases they have formalized into 
ongoing organizations. CrisisMappers, the Standby Task 
Force (SBTF), and the OpenStreetMap Humanitarian 
Operations Team (HOT) are all digital volunteer 
communities focused on creating maps during crisis events. 
While the latter group, heralded for creating the most usable 
map for responders during the 2010 Haiti earthquake 
response, concentrates on mapping static geographical 

information, the former groups work to map evolving 
humanitarian conditions during crisis events: Where are 
people? What do they need? These groups often rely on SM 
updates and other citizen reported information as primary 
sources. Volunteers, some trained and some not, work to 
identify actionable or otherwise useful information, verify 
it, and then to find GPS coordinates for it so they can add it 
to their public maps. Examining this crisis mapping activity 
reveals opportunities for GeoHCI researchers to contribute 
to solutions that help crisis responders and those affected by 
disasters by making the information shared on SM usable. 

Tweak the Tweet: A Resource for Digital Volunteers 
In 2009, we proposed Tweak the Tweet (TtT), a crisis 
reporting microsyntax that enables Twitter users to create 
tweets that are essentially machine-readable [4]. Though the 
syntax has proved hard for affected people to use, it has 
often been adopted by digital volunteers [2]. Assisted by 
my colleagues at the University of Colorado along with 
hundreds of digital volunteers, I have deployed TtT for 
more than 30 events since 2010. During these events, I 
provide a Google Map that displays TtT tweets 
automatically geolocated, primarily using location 
information in the text, by software built to support TtT. 
Many insights conveyed in this paper are lessons learned 
from efforts to support TtT and from interviewing digital 
volunteers who use the syntax. 

CHALLENGE: EXTRACTING PRECISE AND ACCURATE 
LOCATION FROM SOCIAL MEDIA UPDATES 
For SM information to be useful in the crisis context, it 
must be geolocated with both accuracy and precision. 
Extensive research on digital volunteer communities, 
including an extended period as a participant-observer 
within Humanity Road, a virtual organization that often 
participates in crisis mapping efforts [3], along with lessons 
learned from more than 30 deployments of TtT, has 
exposed some of the complexity of this problem as well as 
some strategies for solving it. Superficially, there are two 
methods of geolocating SM updates: 1) using geolocation 
information imbedded in the metadata of messages; and 2) 
extracting location from the textual content of messages. 

Using Geolocation Information in Metadata of Updates 
Many SM platforms allow users to automatically add GPS 
coordinates to the metadata of their updates. This method of 
geolocating, addressed through user preferences and actions 
within SM client applications, is perhaps ideal for reporting 
information from the ground of crisis events. However, 
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currently only a small percentage of SM updates have this 
geolocation information in their metadata. For example, on 
Twitter, perhaps the most popular platform for crisis data 
reporting, only 0.8% of messages about the 2012 Colorado 
fires contained GPS coordinates. We found, through TtT 
deployment efforts, that Twitterers had a hard time 
activating geolocation, especially through their mobile 
devices where they had to change preferences in two 
separate locations. However, other SM sites have a higher 
percentage of geolocated updates. During the Colorado fires 
event, 8% of Instagram photos that were also posted to 
Twitter had geolocation information in their metadata. This 
suggests, not surprisingly, that the design of SM services 
and the client applications that access them affect the 
likelihood of updates being geo-stamped. It also suggests 
Instagram may be an important, usable source of info 
coming from the ground of crisis events in the future, 
though recent changes that complicate its connection to 
Twitter [1] may dampen its value in this context. 

Another problem with automatic geolocation of SM updates 
involves the posting of secondhand information. This can 
occur when an affected person posts a message about a 
location after they have evacuated; when an account owner 
acts as a proxy for another person, posting on their behalf; 
or when remote volunteers post information about places 
where they are not. For TtT, we found that we needed to 
preference textual location (where present) ahead of 
metadata location, because TtT tweets were far more likely 
to be composed by someone outside the affected area. 

Extracting Geolocation from Textual Content 
Extracting geolocation from the textual content of SM 
updates solves many of the issues with automatic 
geotagging. It doesn’t require individuals to turn on 
geolocating services, and it alleviates the secondhand 
problem, as it geolocates the area referred to in the 
message, not where the message came from. However, even 
leveraging the power of existing libraries for matching text 
to location, there are several challenges with this strategy. 

One major issue is disambiguating location information. 
For events like hurricanes that strike a large area, this can 
be especially vexing. Every city has a Main Street. Every 
coastal state has a Newport. We often confront this problem 
during TtT deployments. For example, when a tropical 
storm hit Louisiana in 2011, we struggled to differentiate 
between street names in New Orleans (e.g. St. Charles) and 
parishes by the same names, which were often miles away. 
Disambiguation work had to be done manually. 

Another difficulty is identifying where location information 
is within text. TtT solves this with human computation, by 
asking Twitterers to mark tweets with a #loc tag to 
designate where location information is within the tweet. 
Automatic techniques may be able to locate city names or 

neighborhoods, but may not be able to pick up more subtle 
pieces of location information, lowering precision. 

LEVERAGING THE WORK OF DIGITAL VOLUNTEERS 
Research on crisis mappers and other digital volunteer 
communities shows the state of the art in geolocating SM 
updates to rely heavily on human computation. Members of 
these communities use a variety of different strategies to 
find actionable information, verify it, and get it onto their 
maps. Studying how these volunteers work may illuminate 
possible solutions for enhancing our collective ability to 
map this potentially valuable information. Future research 
should look towards developing better computational 
strategies for automatically geolocating SM updates as well 
as designing tools to help digital volunteers and other 
crowdworkers better do this work themselves. 

Previous research on crisis mapping work suggests that the 
best approach may be a holistic one, combining information 
from textual content in a current SM message with that 
account’s history including any updates that have 
geolocation metadata, along with profile location, friend 
networks, etc. Volunteers mapping Twitter information 
currently do this work manually, reading through tweets 
and profiles, combining street address location in tweets 
with city and neighborhood location in profiles, and reading 
tweet histories where available to determine if the source is 
actually on the ground in the area. We can learn from these 
strategies to design tools to automate some of this work. 
However, complete automation of the process may not be 
desirable, as the difficulty of disambiguation and the safety-
critical nature of the domain mean that even highly accurate 
machine learning techniques (e.g. 90%) may not be good 
enough. We should therefore also continue to design to 
support crisis mapping volunteer work. 

REFERENCES 
1. Lunden, Ingrid. What the Twitter/Instagram Standoff 

Has Meant for Traffic to Instagram. TechCrunch, 
December 17, 2012. 

2. Starbird, K. & Palen, L. “Voluntweeters:” Self-
Organizing by Digital Volunteers in Times of Crisis. 
Proc. of CHI 2011, 1071–1080. 

3. Starbird, K. & Palen, L. Working & Sustaining the 
Virtual ‘Disaster Desk.’ Proc. of CSCW 2013. 
Forthcoming. 

4. Starbird, K. & Stamberger, J. Tweak the Tweet: 
Leveraging Microblogging Proliferation with a 
Prescriptive Syntax to Support Citizen Reporting. Proc. 
of ISCRAM, 2010. 

5. Vieweg, S, Hughes, A, Starbird, K, & Palen, L. Micro-
Blogging during Two Natural Hazards Events: What 
Twitter May Contribute to Situational Awareness. Proc 
of CHI 2010, 1079-88. 

 

ikonings
Getypte tekst
45



  

The Path is the Reward: How can Social Networking be 
used in Pedestrian Navigation Systems to contribute to 

the pleasure of Urban Strolling? 

Martin Traunmueller, Ava Fatah 
gen. Schieck, Johannes Schöning, 

Duncan P. Brumby 
University College London 

London WC1E6BT, UK 
martin.traunmueller.11@ucl.ac.uk 

 

Johannes Schöning 
Hasselt University 

tUL – iMinds 
Expertise Centre for Digital 

Media 
3590 Diepenbeek, Belgium 

 
INTRODUCTION & MOTIVATION 

Typical online map services, such as Google Maps, Tom 
Tom and others, were designed to deliver the most time, 
distance and fuel efficient route from point A to point B to 
car drivers. They have been extended to provide route 
description to pedestrians and cyclists using a similar 
algorithmic approach. These circumstances constitute a 
problem when it comes to the walking experience itself. 
Tourists, visitors to or inhabitants of   a city like Paris, 
London or Vienna are often looking after a flaneur-esque 
experience (urban strolling) – they want to soak up the city 
and see hidden sights that are unique to the fabric of the city 
they are visiting. The question naturally arises how 
technology can be designed to better support this kind of 
urban exploration. With little attention to the walk itself, the 
user follows the generated path not knowing what he or she 
might miss out along the walk that gets degraded to a 
spatial necessity. At the same time social networks have 
become strongly location-based tools. They allow users to 
share not only their location [5] but also their opinion about 
certain places by using voting and commenting systems, 
which leads to the creation of a rich data set of geo-located 
user choices and crowd feedback sprawling over the 
cityscape. 

In order to animate people for more walking within the 
urban landscape, we investigate if and how this data can be 
translated into the urban space to contribute to the walking 
experience. The investigations rely on the development of a 
wayfinder application – the Space Recommender System 
(SRS) – for the metropolitan area of London and other 
similar urban environments, which often have hidden back 
paths off the main roads. Locals often take these routes but 
visitors rarely – in contrast it is the visitor who is most 
likely to use standard mobile navigation devices 
(smartphones and tablets). Hence there is an opportunity for 
systems to be developed to support the idea of urban 
exploration informed by local knowledge. 

RELATED WORK 

Mobile pedestrian navigation systems have been studied a 
lot within the (mobile) HCI community [4]. Various 
researchers have also explored how route descriptions can 
be enhanced for pedestrians and tourists. Raubal and Winter 
[7] have investigated how to enrich wayfinding instructions 
with local landmarks to support navigation at decision 
points. More recently Schöning combined with WikiEar [8] 
a routing service with a tourist guide system. Different 
Wikipedia article snippets were automated organized 
according to the narrative theory and executed as a location 
based audio tour. With GetLostBot [2,3] Kirman suggests a 
tool to break out of static movement patterns. Final 
outcome showed limitations of user’s willingness to follow 
the suggestions generated by the system. Serendipitor 
(http://serendipitor.net/ ) is another system that generates 
random paths between two defined points. It adds tasks 
designed by celebrates for the user to complete along the 
way and must be seen therefore more as game rather than a 
navigation system. As further example, Walkit.com 
(http://walkit.com/ ) is a website that includes modeled air 
pollution data into the route finding process.  

What is novel in our work is the strong integration and 
usage of existing data from virtual communities. Online 
social networks open up new opportunities for further 
research within that field. To our knowledge our work is 
novel in engaging pedestrians with their environment by 
using crowd-sourced feedback of facilities around them. 
Using Facebook’s ‘Like’ data our research refers to the idea 
to incorporate social data in recommendation models [9]. It 
explores the combination of methods known from digital 
media, social media and a pedestrian navigation system in 
order to develop a new methodology for urban pedestrian 
navigation based on pleasure rather than transfer time. 

SPACE RECOMMENDER SYSTEM 

Our pre-studies (more extensive results will be presented 
during the workshop) showed that the participants saw a 
great potential of urban strolling and agreed on the general 
importance towards gaining pleasure while walking 
avoiding main roads and exploring interesting sights. They 
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agreed that social networks are often one of the main 
recommendation sources for locations and would take a 
longer detour into account to be able to walk along a 
pleasant route. Based on these findings, we have developed 
a desktop prototype using Processing (http://processing.org/ 
) showing a map with the interactive UI components on the 
right side of the screen. The user can choose which types of 
places he is interested in visiting on his route, including 
retail shops, coffee shops, museums, pubs, galleries and 
restaurants. He can make the route longer or shorter by 
changing the number of route points that defines the output 
route. A user can select a start and endpoint by simply 
clicking the map (geo locating will be available on a future 
mobile application). The route is generated as self-
organizing map. After route generation, waypoint 
coordinates are automatically exported to Google Maps in 
order to receive the routing relating to the physical 
environment. While walking, the user can also feed 
information back into the SRS by voting and commenting 
his geo location. The route description is then dynamically 
updated. Space Recommender System on Vimeo: 
http://vimeo.com/54149010  

INITIAL EVALUATION 

Thirty participants were asked to walk twice from a 
location to a defined destination using two different routes 
in London/St. Pancras during three overcast working days 
in summer 2012. Route A was generated from our SRS, 
whereas route B was suggested by Google Maps. After 
having finished both walks, the participants were asked to 
fill out a questionnaire to compare the two routes according 
to their personal experience. Questions relate to their 
general route preferences and their opinion about using the 
routes generated by the SRS every day. 

RESULTS 

When walking along the testing directions, route A 
(generated by SRS) was sensed and described by 23 
participants as exciting while more than half of the 
participants found route B boring. Route B was also 
experienced by the majority of the participants as 
monotone, while a third found route A ‘very diverse’ and 
almost half of the participants still ‘diverse’. More than half 

experienced route A as calm, whereas route B was sensed 
as stressful and noise. In terms of pleasure more than 75% 
of participants were very ‘highly pleased’ with the walk on 
route A. Route B only can earn points in terms of distance 
and time efficiency, whereas 48% of the participants were 
‘pleased’ and 42% being ‘very pleased’. Nevertheless, 83% 
of participants think that the detour was worth doing route 
A, only 17% of users tend to see the longer route as a waste 
of time. 

DISCUSSION AND FUTURE WORK 

Evaluation show that using open source online voting data 
of social networks as input can open up possibilities to 
generate new experiences for the urban pedestrian. 
Therefore our methodology can act as animator for people’s 
walking behavior. While positive results support the idea of 
such an approach, there are some unanswered questions that 
keep space for further research. One can question how far 
our approach supports this idea of the flaneur [1] by 
suggesting a route leading into dense areas of places of 
interest. Related projects [2, 3] point out the importance of 
understanding peoples behavior towards serendipity. The 
project picks up on those findings with the aim to engage 
people with the walking experience. 

One limitation of the system is that it ran on a desktop to 
allow for ease of prototyping the general idea. While this is 
an obvious limitation we plan to further extend the SRS to 
mobile devices. In addition we want to further improve the 
route recommendations. The current prototype takes 
general ‘Like’ data as input. Recommendations are highly 
individual and differentiate from person to person therefore 
it is crucial to make this procedure more precise in terms of 
filtering, without navigating through a “Filter Bubble” [6].  

FIELD ACTIVITY 

The GeoHCI workshop at CHI 2013 is a great opportunity 
to test and evaluate our SRS as mobile application in the 
wild by professionals. The system will be available as 
Android application for workshop participants in order to 
explore the city of Paris with open source online voting data 
and to give us feedback on approach and usability. Besides 
feedback of randomly picked people off the streets as 
mentioned in our evaluation, feedback of professionals can 
bring up other important points for further research. 
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ABSTRACT 

This position paper describes the observations and activities 
in the design of neogeography oriented interfaces that 
encourage easy collaboration with the goal of open data and 
emergent communities. By comparing and contrasting the 
community-driven open information sharing site 
GeoCommons with the expert oriented and organization-
based ArcGIS Online we will identify the characteristics of 
interface design that encourage personal and communal 
behaviors for the purposes of shared insight and decision 
making. By combining together neogeography to encourage 
personal, even playful, exploration of geospatial data, 
organizations can become collaborate with and further 
improve these emergent communities. 

Author Keywords 
Neogeography; collaboration; design; user experience; data 
sharing; web; geoweb. 

ACM Classification Keywords 
H.5.m. Information interfaces and presentation (e.g., HCI): 
Miscellaneous.  

General Terms 
Human Factors; Design. 

INTRODUCTION 
Neogeography is the domain of techniques and tools that 
enables people to share their perspectives, individual 
stories, and engage in personal portrayal of their social 
context [1]. Whereas GIS and geography interfaces 
typically focus on accuracy and methodology, 
neogeography emphasizes experience and exploration. This 
underpinning fundamentally determines the appropriate 
interaction for each group, despite potential overlap in their 
end goals and desired actions.  
For example, a citizen neogeographer creates a map of her 
neighborhood to see traffic and accident information in 
order to determine a better biking route to her work. Her 
focus is on localized and particular data relevant to her 
context, from data that appears to be useful and accurate. 
Her high-level decision process provides likely candidate 
decisions that can be vetted through action. By comparison 
a city planner may use the same traffic and accident data to 
evaluate citywide infrastructure and road design. Specific 
decisions will be made to alter signals, road directions and 
signage. Both groups seek a similar goal with the same 

data: minimization of traffic accidents, but evaluate through 
unique perspectives and with different decision actions.  
These two groups of users, the neogeographer who is a 
member of, and encourages her community, and the official 
member of the government organization both encompass 
important aspects of collaboration and consensus decision-
making.  
Communities & Organizations 
The composition and operation of these two groups have 
fundamental differences that drive them. An organization 
by design is highly structured and typically exists within a 
rigid hierarchy driven by process. Their tools must conform 
to these processes that proscribe data information 
development and publication. In particular geospatial data 
within and published by organizations typically require 
strict metadata and quality control metrics. Members of 
organizations are defined and have clear roles, 
responsibilities and capabilities.  
By contrast communities are typically ad-hoc in their 
formation and operation and their tools reflect their values 
and experience. The choice of geospatial platforms is 
driven more by aesthetics, usability, and freedom of choice. 
There now exist a myriad of platforms and sites to publish 
and explore geospatial data and as such users will typically 
give only cursory testing in order to determine if they will 
further engage with the site. The role of members of 
communities can vary and change over time as they shift 
into and out of the community as well as gain technical 
expertise with the tools and technology.  
A community will consist of many organizations and 
similarly organizations, at least its members likely will 
belong to many communities. Communities and 
organizations are not mutually exclusive but in fact can 
reinforce and make each other stronger. Organizations 
participate in communities for a variety of reasons - most 
pertinent to geospatial platforms is the sharing of data and 
knowledge in order to achieve a common goal. Ultimately 
collaboration enables better decisions and consensus that 
solve their individual and ideally joint problems. 
A community platform should be driven by clear and 
reinforced principles. Any user entering the system should 
understand and nominally agree to these values in order to 
be an effective contributor and user. In our work we have 
derived what we refer to as the "Huffman Sharing 
Principles" [2].  
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1. Create immediate value for anyone contributing data, 
2. Make contributor’s data available back to them with 
improvements, 
3. Share derivative works back with the data sharing 
community. 
Practical Designs and Experiences 
GeoCommons is a public and open web site for publishing, 
sharing, visualizing, and analyzing geospatial data. Explicit 
in the name, GeoCommons was designed to encourage use 
by users untrained or inexperienced in GIS methodologies 
[3]. The goal is to enable any type of user: academic 
researcher, citizen neogeographer, expert domain analyst, 
or others to effectively make decisions through capable but 
simple tools. Launched in 2006, GeoCommons hosts over 
150,000 datasets that are accessible and usable through a 
variety of tools to answer specific questions. Subsequently 
all generated information visualizations and analyses are 
also publicly shared and discoverable through the designed 
interface as well as through public web searches and 
embeddable in external social and collaboration platforms.  
ArcGIS Online is another geospatial platform that provides 
a hosted platform for GIS professionals to quickly and 
easily publish their information products. Primarily aimed 
for professional organizations, ArcGIS Online emphasizes 
accuracy, metadata, provenance, and web services for 
experts to develop and share high-quality geospatial 
analyses. Additionally software developers can extend the 
platform using a suite of programming interfaces, software 
toolkits, and open-source website templates for customized 
applications. Adopted by thousands of organizations, 
ArcGIS Online provides a trusted platform for the sharing 
and publication of organizational trusted information. 
Through our experiences these two platforms demonstrate 
alternative methodologies for geospatial publication and 
collaboration. For example, geospatial data was observed in 
GeoCommons to be a common pivot point for communities 
to discover one another. Through shared usage of data to 
answer disparate problems new insights were achieved and 
inspired new visualizations. In the path of a community 
member uploading data to build their own visualization 
they also provide data for other members to find and reuse. 
This encouraged investigation and combination of datasets 
together to explore new ideas relating to the community. 
Through automated metadata capture and trackback the 
originator of the dataset and any users could discover one 
another.  
The table below highlights a few of the design decisions 
each platform accentuates to serve its particular users.  

 Table 1: Comparison of feature capabilities between 
platforms 

Conclusions 
GeoCommons and ArcGIS Online are two examples of 
geospatial information sharing applications that serve 
communities and organizations. Through our experience by 
providing a platform that conforms to the operational 
expectations of an organization while also allowing the 
experiential and exploratory desires of a community, a 
common interface for the sharing of insight can be 
achieved.  
Lastly, through these collaborative platforms and the 
combination of official government and domain 
communities with citizen neogeographers geospatial 
platforms become a venue for important discourse and 
consensus building of solutions to difficult problems. 
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ABSTRACT 
While new technologies have expanded users’ ability to 
submit and view geographic data, most users are still 
excluded from GIS design and decision-making. Local 
Ground addresses this gap by combining the accessibility of 
volunteered geographic information (VGI) tools, with the 
process-oriented, inclusive emphasis of Participatory and 
Qualitative GIS. Users start by capturing tacit observations 
of their environment through drawings, pictures, and audio 
interviews.  Once submitted, this qualitative data can be 
inductively coded, allowing users to discover emergent 
categories. Users can design their own data collection 
instruments, collect data, visualize results, and combine 
visualizations with qualitative data and narrative elements 
to communicate with diverse stakeholders. We believe that 
involving users at each stage of the bottom-up, iterative 
inquiry process can increase their sense of ownership and 
control, while creating new learning opportunities. We are 
testing these hypotheses by working with youth community 
data initiatives in Oakland and Richmond, California. 

Author Keywords 
Participatory GIS, qualitative GIS, participatory planning, 
paper interfaces, Internet mapping, urban planning, youth 

ACM Classification Keywords 
H.5.2. [Information Interfaces]: User Interfaces – input 
devices and strategies; prototyping; user-centered design 

General Terms 
Human Factors; Design  

INTRODUCTION 
Geographic Information Systems (GIS) are often used to 
inform place-based decision-making, helping users to 
characterize spatial patterns and trends, generate predictions 
and make principled, data-driven decisions.  However, GIS 
has also been critiqued as “the language of planning power” 
[3] because it requires extensive technical knowledge and 
devices, and privileges quantitative and categorical ways of 
knowing over more qualitative and experiential ones. This 
empowers the already powerful to frame the terms of 
discourse, and limits the extent to which community 

members can exercise control over their own data.  Though 
GIS is a “powerful mediator of spatial knowledge” [3], it 
can also disempower or exclude numerous voices – 
including those of racial and ethnic minorities, the poor, 
women and youth [5][8][2] – from articulating their ideas 
and concerns on their own terms. 

RECENT INNOVATIONS 
Recent technological advances, including GPS-enabled 
smart phones, open geospatial standards, free and publicly 
available geo-location, visualization, and data APIs, and the 
new geo-tagging capabilities of social media, have created 
an enabling infrastructure for developers to build innovative 
new geospatial tools.  These tools have empowered the 
casual technology user to collect and consume volunteered 
geographic information (VGI) within a variety of domains, 
from disaster management and citizen science to the built 
environment [4]. 

On a related trajectory, Participatory and Qualitative GIS 
researchers and practitioners have been working to 
incorporate a greater diversity of perspectives, 
representations and processes that can be supported in GIS.  
These developments include integrating qualitative data, 
coding tools and practices into GIS [6][7], and involving 
communities in designing, operating, and managing their 
own GIS, drawing from the inclusive and process-oriented 
traditions of participatory mapping and planning [9].  

However, many qualitative GIS tools still exist in the expert 
domain of desktop GIS software, limiting their utility and 
reach [1].  Furthermore, though the number of open source, 
geospatial tools continues to grow, control over how data is 
collected, analyzed, and represented within these systems 
remains in the hands of domain experts or elites. 

LOCAL GROUND 
Local Ground is a web-based mapping platform that 
combines the accessibility of contemporary VGI tools with 
the process-oriented, inclusive emphasis of Participatory 
and Qualitative GIS.  Local Ground leverages publicly 
available data and visualization APIs, open source tools and 
paper-based data collection interfaces to support a bottom-
up, user-centered, iterative, data-driven inquiry process. 

Scaffolding Inquiry-Based Discovery 
Local Ground enables place-based inquiry [1], by engaging 
users in the following iterative processes: 

1. Observing the Physical Environment:  users walk around 
and observe the area of interest; draw and take notes 
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using paper forms and maps; photograph scenes and 
record audio interviews; and upload and geo-reference 
the resulting qualitative data. 

2. Determining Relevant Indicators and Categories:  users 
collaboratively code and analyze qualitative data to 
determine categories, themes, indicators and hypotheses 
of further interest. 

3. Designing Data Collection Instruments and Strategies:  
users design tables, forms and surveying strategies to 
investigate emerging research questions and themes. 

4. Collecting and Combining Data: users gather various 
forms of data, including data from other sources. 

5. Interpreting the Results:  users visualize the results 
spatially and graphically, looking for evidence 
corroborating or contesting the original hypotheses. 

6. Communicating the Outcomes:  users combine 
visualizations with qualitative data and narrative 
elements to communicate research outcomes to diverse 
stakeholders, including parents, teachers, government 
officials, etc.   

Design Principles 
Local Ground extends the reach of GIS by adhering to the 
following design principles: 

Prioritizing Accessibility 
Users can capture drawings, audio clips, photographs, or 
even forms-based information using a variety of low-cost 
devices and tools, including paper and inexpensive camera 
phones, and submit this information via email or through 
our web-based interface. Our system automatically extracts 
and geo-references hand-drawn map annotations [10]. 

Supporting Qualitative and Quantitative Data  
Because qualitative accounts are often the primary 
mechanism for everyday people to contribute their own 
expert local knowledge to place-based initiatives [3], Local 
Ground does not privilege one form of data, but supports 
both quantitative and qualitative data representations.  Both 
can be geo-referenced and overlaid together on the same 
base map.   

Involving Users at Every Stage 
Involving users at each stage of data collection, analysis 
and presentation process provides them ownership and 
control, while creating new learning opportunities. 
Qualitative methods, such as inductive coding, are 
supported through our tagging interface, allowing users to 
discover emergent categories, rather than requiring them to 
determine the precise aspects of their data collection 
methodology a priori. Based on themes that emerge, users 
can design their own data collection forms, and iteratively 
refine their data collection methodology. Users can also 
combine multiple data representations for presentation. 

CASE STUDIES 
We have iteratively designed Local Ground with active 
input from youth and other stakeholders, working closely 
with three youth-centered, community data initiatives in 
Oakland and Richmond, California.  

Planning a Local Park 
Youth from a high school social studies class used Local 
Ground as a planning tool to imagine the future of a local 
park and a public housing development. Students collected 
data about existing assets, hazards and risks; created 
models; and used this information to advocate for a future 
neighborhood design plan.  Finally, they used Local 
Ground to present their findings at a public meeting at City 
Hall [10]. 

Analyzing Air Quality Data 
Working with science experts, youth participating in a 
summer science research program used Local Ground to 
analyze air quality in the San Francisco Bay Area.  Students 
devised a data collection methodology; collected air quality 
data using various sensors; and took field notes and 
photographs.  Students used Local Ground to help them 
visualize spatial patterns in air quality in conjunction with 
their notes and photos.  Students presented their data and 
findings to the Port of Oakland and to the local transit 
commission. 

Ground Truthing Civic Data 
Working with a local school district and several community 
organizations, youth from different neighborhoods in 
Oakland used Local Ground to assess the accuracy of an 
existing “grocery store” dataset. The platform allowed 
young people to submit photos, audio clips, comments, and 
ratings of the stores they visited, and communicate to the 
school district that only about a third of the stores in the 
“grocery store” data set provided even moderately healthy 
food options. 

Future Directions 
Though youth are frequently excluded from participating in 
such planning initiatives, they are the most frequent users of 
public spaces and are capable of contributing valuable 
community knowledge, when given the opportunity [2].  In 
the future, we hope to determine whether Local Ground 
increases young people’s agency and autonomy in 
communicating place-based ideas as they engage in 
community research.  In particular, we are interested in: 

1. The role that handwritten notes, photographs, and audio 
clips play in helping participants to identify emergent 
categories and themes.  

2. How participants use these emergent categories to 
design and inform community data collection, analysis 
and visualization strategies. 

3. How the various representational formats that Local 
Ground supports – stories, thematic maps, charts, etc. – 
are combined to reflect upon and communicate ideas, 
and in what contexts. 

4. The extent to which novice end-users can design and 
manage a community GIS using Local Ground. 
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ABSTRACT 

In this position paper, we discuss the importance of adding 

location data to the information collected using Interactive 

Voice Response (IVR) systems in the developing world. 

We also discuss various approaches to input location data 

using basic phones, as well as open research questions.  
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INTRODUCTION 

While location data is easy to collect using high-end tablets, 

smartphones, and 4G Internet connections, in remote rural 

areas of a developing country like India, the only pervasive, 

accessible and robust technology interface is a basic mobile 

phone.  There has been limited study to date on how users 

with limited education can report location data using a low-

end phone. While SMS is available, low literacy and 

limited font support makes it difficult for many 

disadvantaged communities to leverage SMS. 

For many users in the developing world, the most natural 

mode of interaction with mobile phones is that of voice.  

These communities have digit literacy and know how to 

answer an incoming call and make an outgoing call from 

ubiquitous basic mobile phones. Interactive Voice 

Response (IVR) systems are more usable than text and can 

offer an intuitive interface for providing information to and 

collecting data from underserved rural and urban 

communities. In recent years, various researchers and 

practitioners have used IVR systems for citizen news 

journalism [1], agricultural discussion forums [2], 

community dialogue, user-generated maps, access to health 

information [3], outreach to sex workers [4], rural 

employment exchange, and viral entertainment platforms.  

In this paper, we discuss the need for mapping IVR data, 

and various ways to input location on basic phones. 

  
NEED FOR MAPPING IVR CALL DATA 

There are several advantages of adding location data to the 

calls coming into an IVR system. Let’s understand each 

advantage with the help of a scenario. 

Visualizing Data on a Mapping Platform 

Consider an IVR system that aids disaster relief initiatives: 

people can call a number to report the progress of relief 

effort, pressing 1 if they are satisfied with the efforts and 

pressing 2 if they are unsatisfied.  The consolidated data 

visualized on a mapping platform would be pivotal to track 

the overall progress of the relief efforts and to identify areas 

where additional efforts are needed.  As another example, 

consider an IVR system for citizen news journalism, where 

citizen journalists can report the location corresponding to 

the reported news. The reports can be visualized on a 

mapping platform to create an early epidemic warning or to 

evaluate the state of law and order in a region. 

Location-Aware Playback of IVR Content 

Presently, there is no mechanism to provide location-based 

voice data to the users of an IVR system. In the case of a 

nationwide citizen journalism IVR system, a citizen 

journalist in a village in Karnataka may be more interested 

in news reported by others from nearby villages. Having 

location data corresponding to each story will enable the 

IVR system to play data intelligently for the callers. It is 

important to prioritize playback order because either the 

caller or IVR service provider is paying for every second 

spent on listening to the content on an IVR system. 

APPROACHES TO GET LOCATION DATA 

In this section, we are documenting all possible methods to 

get the location data when a user calls an IVR system.  

Automatic Inference of Location 

There are limited ways to get location data without any 

explicit action from a basic phone user. We cannot use a 

smartphone application to send GPS data to the IVR server 

as GPS-enabled smart phones aren’t used by the target 

demography. Precise location data can also be fetched by 

using cell triangulation which is done by Mobile Network 

Operators. However, they neither have permission nor have 

any incentive to share users’ locations with third parties. 

Another approach is to use callers’ mobile phone number to 

infer their calling region. For example, information in [5] 

can be used to infer the calling region of a caller in India. 

However, the location data obtained from this approach has 

coarse granularity (only up to a state level). Moreover, due 

to new schemes like free roaming services and mobile 

number portability, the information in [5] will be diluted in 

coming years. The last approach is to use Cell Broadcast 
Copyright is held by the author/owner(s). 
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Service (CBS) messages which are broadcasts sent by cell 

towers to all phones in its range [6]. A cell tower typically 

broadcasts the locality name in a CBS message. Though the 

location mapped using this approach is quite accurate 

(within a range of 500 meters), a programmable phone is 

needed to run an application to decipher the location from 

received messages. Unfortunately, the target demography 

does not have programmable phones, and even if they did, 

there is not a good ecosystem for them to discover and 

download the application.  

Manual Entry of Location 

In this section, we propose some approaches to solicit 

location data directly from the user.  

Use Postal Code 

In rural India, the majority of the population still relies on 

postal mails for long distance communication. Hence, it is 

probable that they know the postal code of their area or can 

find it easily. In periurban and urban India, it is relatively 

easy to find the postal code as some shops and buildings 

print postal codes on their sign boards (along with their 

name and address). Location information collected using 

this approach is accurate to the operating geographical 

boundaries of a post office. Information can also be easily 

inputted using DTMF or speech input. However, 

remembering or finding the postal code of a location is 

certainly an overhead. 

 
Use Fixed Line Area Code 

Another approach is to ask callers to enter the fixed line 

area code to specify the location. Though this information 

has relatively coarse granularity as location is accurate to 

the city level, it can easily be inputted using DTMF or 

speech input. However, with increasing proliferation of 

mobile phones and reduction in the number of fixed line 

phones in developing countries, it is possible that people 

may not know or be able to easily find out the fixed line 

area code. 

 
Use SMS 

This approach relies on callers to send a text message 

specifying their location to the IVR number as soon as they 

finish calling the IVR system. Needless to say, people with 

limited text literacy would struggle to send an SMS. 

 
Use Audio Recording 

The most intuitive way for callers to provide location 

information is to just say the location name. This data can 

be transcribed by a moderator or by using a crowdsourcing 

platform. Moreover, the granularity is a function of the 

information provided by the caller. On the downside, a lot 

of resources and time is required to transcribe the speech 

input. The approach is not scalable if crowdsourcing is not 

used for transcribing the locations. Also, the information 

cannot be visualized immediately on a mapping platform as 

some time would be taken by the moderator or the crowd to 

transcribe the locations. 

Use Numeric Keyboard on an IVR System 

The number keys on a phone can be used to spell out a 

location over IVR, in the same way that the keys can be 

used to spell out a location in an SMS.  Either multi-touch 

or predictive text entry could be appropriate for the IVR 

setting, or it might be possible to enhance the text entry to 

be more amenable to IVR.  For example, each letter could 

be read back to the user, with an audio prompt, as soon as it 

is entered.  However, this method nonetheless requires 

literacy and familiarity with text entry on phones. 

Once we have location data in the form of postal code or 

fixed line area code or location name, we can use existing 

databases like [7] to find geo-spatial coordinates, and then 

visualize the IVR data on a mapping platform. 

OPEN RESEARCH QUESTIONS 

In this section, we highlight open questions which Geo-HCI 

researchers working in developing regions need to address. 

1. Do people in rural, periurban and urban India know 

their postal code? How difficult is it to find the postal 

code of a location? 

2. Do people in rural, periurban and urban India know 

their fixed line phone area code? How difficult is it to 

find the information for a location? 

3. Are the answers for (1) and (2) the same for other 

developing and underdeveloped countries? 

4. What is the granularity of a postal code? Is the 

granularity of postal codes the same for various regions 

in a country? Is the granularity of postal codes same for 

various countries?  

5. What are the design recommendations for IVR 

mapping systems? Which approach offers: 

 The finest granularity of location data? 

 The minimum education/effort needed by callers? 

 Optimal processing so that data can be visualized 

quickly? 

 The lowest cost of processing the data? 

In order to address these questions, we are doing a 

quantitative user study that surveys underprivileged low-

literate users as well as high-income users with respect to 

their knowledge of postal codes, fixed line area codes, and 

their ability to input various information on the phone. 
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ABSTRACT 
Augmenting the physical environment with virtual geo-
referenced information is a current research theme in both 
the Geo-Information and Human-Computer Interaction 
domains. In this paper we draw from our work on 
augmentation of urban tourism destinations in order to 
identify the most important open questions, issues and 
challenges for the GeoHCI field.      
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environments; tourism; 
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H.5.1. [Information interfaces and presentation]: 
Multimedia Information Systems – Artificial, augmented 
and virtual realities; H.5.2 [User interfaces]: User-centred 
design. 

INTRODUCTION 
Mobility in everyday life often exposes us to unfamiliar 
environments where the fast retrieval of information 
associated with places and objects is fundamental for our 
decision-making and learning. This scenario is also relevant 
to tourism, where unique and memorable experiences 
extend beyond effective navigation as tourists look for ways 
to become more intimately familiar with a destination [1]. 
Augmented Reality (AR) [2] has been identified as a 
promising visualization paradigm to access location-based 
content. In a hypothetical scenario, a tourist points a 
smartphone device towards an object (e.g. a building). 
He/she is then able to see information about it in a spatially 
registered virtual “balloon”, called an AR annotation [3] 
and overlaid on top of or near the actual physical object 
(see Figure 1). These types of smartphone AR applications, 
called AR browsers, are similar to multimedia cartography 
products since they can communicate spatial relations and 
distance, but also function as an interface to underlying 
(geo)spatial and attribute data. 

Cartographic literature inspired research that investigates 
the optimal placement [4] and layout [5] of AR content. 
Results, however, do not scale well to AR annotations 
delivered in urban environments due to the vast number, 
density and complexity of objects that can be augmented 
with virtual information. Our research is directly relevant to 
GeoHCI as it investigates the usability and utility of current 

AR content when it comes to (geo)spatial knowledge 
acquisition in unfamiliar urban environments.    

 
Figure 1. The official tourist map and an augmented video feed 

of the city centre of Bournemouth, UK 

USER-CENTRED DESIGN OF SMARTPHONE AR 
ANNOTATIONS FOR TOURISM 
Adopting a User-Centred Design (UCD) approach, the main 
aim was to generate design knowledge relevant to effective 
support for (geo)spatial knowledge acquisition. The 
research activities were divided in four stages: (1) 
theoretical, (2) requirements analysis, (3) design and (4) 
evaluation. The theoretical stage consisted of design space 
mapping and identification of context parameters that 
influence work with AR browsers. Trials with photo diaries 
and further fieldwork showed that quasi experiments [6] 
would be most suitable to gather early user requirements. 
The field study investigated: (i) to what extent tourists are 
able to match virtual annotations with their physical 
counterparts; (ii) to what extent the provided information in 
virtual annotations answers the location-based questions of 
tourists; (iii) what are the problems tourists experience with 
AR browsers. The experiments were conducted in the city 
centre of Bournemouth (UK) on a predefined route. 
Fourteen tourists, unfamiliar with the city, walked the route 
and were stopping in 7 key locations, where they were 
asked to: (i) identify the physical objects of interest; (ii) 
formulate questions; (iii) carry out four types of tasks; (iv) 
think-aloud; (v) discuss the results of each task. There were 
four types of tasks: match (find the annotation for a 
physical object), reverse (find the physical object for an 
annotation), reverse overview (understand what is around), 
and decision (decide on the next stop based on information 
on the screen). The tourists worked with four commercial  
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AR browser applications, which are different in design: 
Junaio [7], LocalScope [8], Wikitude [9] and AcrossAir 
[10]. The data were collected through a mobile field-testing 
minicamera system, developed by [11] and enhanced by 
contextual inquiries [12], post-test interviews and 
background questionnaires.  

The results suggest that the location-based information 
needs of tourists are mainly influenced by the visual 
perception of physical objects and their inferred non-visual 
attributes. This process influenced also the (effective) 
association (matching) between the physical world and 
virtual content. In most cases the tourists were unable to 
match a specific AR annotation with a target despite its 
precise position on the screen of the smartphone (near or 
over the object of interest). Our results suggest that position 
influences the time, rather than the success rate of the task, 
as users used other visual cues inside the annotation (name, 
symbol, keywords, distance) to match virtual information 
with the perceived visual and inferred non-visual attributes 
of the physical object. Some of the major problems that 
prevented effective association included: incomplete or 
unclear names, unclear symbols, errors when estimating 
distances, or misinterpretation of keywords. These results 
suggest that, apart from the proper placement of 
annotations, the design and structure of their content needs 
to be considered carefully. Finally, additional application-
specific problems also influenced the time for completion 
of tasks and included overlap, clutter, and legibility issues.  

Further work was directed at developing several design 
alternatives based on the identified problems and 
requirements. Finally, a more quantitative user-based 
laboratory study will be carried out in order to draw 
conclusions about the developed designs and the effective 
strategies to deliver geo-referenced information through AR 
browsers.    

MOBILE GEOHCI ISSUES AND CHALLENGES 
The synergy between Geoscience and HCI triggers many 
new and interesting questions, issues and challenges. 

Acquiring knowledge about the user population 
A fundamental principle in HCI, and an important first step 
in UCD, is to gather information about the user population. 
The challenge for GeoHCI is to define a preliminary set of 
relevant user characteristics that need to be incorporated in 
design or serve as experimental factors that influence 
empirical work. Apart from demographic variables and 
domain expertise our work suggests that it is important to 
assess the extent of exposure, experience and familiarity of 
users with a specific type of (urban) environment. 
Familiarity is still an elusive and difficult to quantify 
construct, often assessed through proxy parameters, such as 
years of residence in a location [13]. Identification and 
assessment of such complex, multi-dimensional and 
dynamic constructs require further theoretical and empirical 
grounding and operationalization.   

Specifying the context 
Context is a fundamental concept, relevant to the 
development and design of information systems. But how 
do we conceptualize context within an inter-disciplinary 
field? Current debate on this concept is structured around 
listing the most important context parameters that influence 
the use of smartphone information systems [5,14]. 
Difficulties arise when multi-disciplinary work requires 
merging abstract and very high-level context models 
developed in different fields, which are all relevant to the 
design process. In our work we documented more than 100 
potentially relevant context parameters within the domains 
of HCI, Environmental Psychology, Tourism, AR, Mobile 
Cartography and Mobile Spatial Interaction. Our experience 
shows that the identified context parameters were either too 
broad (e.g. location), or less relevant (e.g. moderator 
position) to the use of AR browsers in unfamiliar urban 
environments. It seems that one fruitful approach would be 
to adapt already-developed models [14] to the specific 
needs of research in the GeoHCI domain.  

Methodological issues 
The picture becomes even more unclear when the design 
process enters the evaluation stage. To date, there has been 
little agreement or research on the influence of context as a 
confounding factor in field-based studies that investigate 
the use of geo-information appliances. The strategies for 
selection and randomization of places, routes and targets 
are substantially different and little is known about the 
effect of this on the data obtained. One particular difficulty 
is being able to generalize the results to different locations 
(many different urban destinations) and targets (many 
different types of targets within an urban environment). As 
a relatively new visualization paradigm, AR is often 
associated with a vast and unfamiliar design space and, 
therefore, low-fidelity mock-ups are seen as a useful 
starting point [15]. Prototyping within GeoHCI, however, 
leaves many open questions. Would the use of augmented 
photos or augmented videos influence the obtained results?  

CONCLUSION 
Embracing multi-disciplinary research within GeoHCI is an 
exciting endeavour. In this paper we identify some of the 
theoretical and methodological open questions that still 
need to be addressed. Developing, validating and pursuing 
further this type of research agenda can bring a greater 
understanding of the fruitful inter-relationships between the 
dynamic fields of Geoscience and Human-Computer 
Interaction. 

As part of the GeoHCI workshop, a field activity will be 
organized with the objective to elicit some of the problems 
that emerge when users work with geo-referenced content 
in AR browsers and to allow participants to obtain practical 
experience with field-based evaluation of such applications.  
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ABSTRACT 

In this position paper, we firstly discuss our opinions on the 

questions related to the GeoHCI workshop. Then we 

describe our work of understanding user spatial behaviors 

and human-place interactions.     

Author Keywords 

Spatial behavior,  human-place interaction, trade area 

analysis 

ACM Classification Keywords 

H.5.m. Information interfaces and presentation (e.g., HCI): 

Miscellaneous. 

General Terms 

Human Factors; Measurement 

 

POSITION STATEMENT FOR GEO-HCI 

One of the most important aspects that mobile computing 

brings to HCI research is location. Several fields of research 

center around this new perspective, including but not 

limited to location based recommendations, mobile 

mapping and navigation, crisis informatics, and augmented 

reality. Coming from the traditional HCI field (specifically 

information seeking, social network dynamics, and data 

science), our research specifically focuses on studying 

people’s spatial behaviors and human-place interactions 

captured in mobile devices. 

The fundamental principles in our area is user spatial 

behaviors models, such as gravity model, entropy 

maximizing model, or spatial choice-behavior model. To 

study human-places interactions, we borrowed concepts 

from trip modeling, network theory, and information 

seeking and foraging theories. There are many open 

questions related to Geo-HCI in this area. The important 

ones include but not limited to: 

 What are the characteristics and limitations of 

using mobile data to study user spatial behaviors and 

human-place interactions? 

 What are key factors and rules governing human 

spatial behaviors, trip sequences, and places visiting 

choices? 

 How should we handle location related privacy 

issues in research and development? 

The methodology we adopted includes exploratory spatial 

data analysis and spatial statistics (on general understanding 

of spatial data collected), spatial behavior analysis (on 

individual user behavior).  We are also developing new 

methods based on previous work, such as trajectory 

network analysis for studying trip sequence, extended trade 

area analysis for studying human-store interaction), and 

spatial patch analysis for studying user spatial behavior.  

The datasets we use include public collectible data such as 

geo-tagged tweets, Foursquare check-ins, and business 

partner data such as Call Detail Records (CDR) from 

mobile carriers. The tools we use include open source tools 

such as spatial related packages in R as well as our 

commercial software and datasets such as spatial 

visualization and analysis tools (i.e. MapInfo Professional 

[4]) and Geocoding/reverse geocoding/routing services, and 

property datasets like business location points, residential 

locations,  demographic information, and traffic 

information of given locations.  Making all of these data 

easily accessible is a daunting task, but combining it 

together adds weight to our analytics that could not be 

achieved by individual datasets. 

The area of our research is interdisciplinary, our methods 

and literature comes from many fields, including but not 

limited to HCI, GIS, Social Science, Urban Planning, Retail 

Business, and Marketing.  We found that a good grasp of 

spatial analytics concepts and techniques are the key to 

processing and analyzing the data collected, related spatial 

behavior models in social and retail science are the key to 

developing a solid theoretical foundation, and related 

theories in HCI and information science guide our research 

direction and the design of new location related services.  

This area needs stronger collaborations from different 

disciplines as well as between academia and industry due to 

rapidly emerging needs, available datasets, analytics 

tools/services, and a lack of cross-discipline expertise. As a 

research group from industry, we are eagerly looking for 

collaboration opportunities. 

 

OUR RESEARCH   

Our research follows two lines of inquiry: making sense of 

user spatial behavior and understanding human-place 

interactions. 
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Understanding User Spatial Behaviors 

Our research has focused on spatial behavior analysis on 

the patch-level [1]. The analytic unit of previous research 

was limited to geographic point level (i.e. a store or a place). 

We propose a new unit of analysis that was originally used 

in animal foraging theories. Patch-level analysis extends the 

findings of existing research by taking into account spatial 

segmentations in geographical environment (e.g. change of 

landscape, retail agglomeration, administrative district), in 

daily activities (e.g. home area vs. office area), and in 

human’s cognitive map (e.g. a safety residential area, or a 

shopping area with luxury stores). This new perspective 

reveal behavior patterns that point-level analysis fail to 

detect, agglomeration and segmentation being two 

examples. 

 

Figure 1. Several regularly visited patches (denoted with 

different colors) in a foursquare user’s location histories  

 

 

Figure 2. A person’s location history has a network structure 

and reveals many hidden patterns of the person’s spatial 

behaviors   

We are also working on applying social network analysis 

into trip trajectory analysis [3].  The general idea is that if 

we link all locations a person has visited by their time 

sequence, the network structure will reveal hidden patterns 

of behavior such as the location hubs (frequently visited 

places like a coffee shop), trip triads (daily routines), and 

long paths (multiple purposes trips). 

 

Human-place interactions --- Trade Area Analysis 

Another focus of our research is human-place interaction, 

specifically how the user generated mobile location data 

can be used in Trade Area Analysis (TAA) [2]. We have 

created a new framework and series of analytic methods to 

identify the activity center of a mobile user, profile users 

based on their location histories, and model user 

preferences by probability. Extensions to traditional TAA 

are introduced like customer-centric distance decay analysis 

and check-in sequence analysis. Analyzing visits to a retail 

store in the context of a customer's daily life has significant 

academic and commercial implications. 

 

Figure 3. Analyzing trade area of a MI IKEA store by applying 

drive-time analysis and distance decay analysis on the 

foursquare check-in data of this store 
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