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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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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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