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Kukka, Hannu, Case studies in human information behaviour in smart urban
spaces. 
University of Oulu Graduate School; University of Oulu, Faculty of Technology, Department of
Computer Science and Engineering, P.O. Box 4500, FI-90014 University of Oulu, Finland
Acta Univ. Oul. C 426, 2012
Oulu, Finland

Abstract

This dissertation aims to uncover emerging practices in how people seek information while on the
move in augmented urban spaces. The backdrop for a majority of the work presented here is the
City of Oulu in Finland, where we have installed a variety of new ubiquitous computing
infrastructure and services including, among others, a network of large interactive public displays
called UBI-hotspots. The hotspots serve as a versatile platform on top of which new types of
services can be developed, deployed and tested in an authentic urban setting with real, non-
coached users and a sufficiently long timespan to truly evaluate the impact of such services on the
everyday life and practices of the city and its citizens.

The case studies presented in this dissertation aim at understanding the effect of such highly
visible additions to the urban space from the point of view of human information behaviour. I seek
to understand the underlying information seeking strategies people employ while foraging the
hotspots for information, and the types of information people see as valuable while attending their
daily business in the downtown area of the City. Questions such as how do people utilize the new
sources of information in their daily information seeking tasks, and what is the preferred medium
for information delivery, are addressed. The theoretical framework for the studies is derived from
both ubiquitous and urban computing, and from the field of human information behaviour
research. 

The main findings of the presented studies indicate that people have adapted the new
infrastructure and services as parts of their daily information seeking tasks. The detailed usage
data logged by all hotspots provide insight into the browsing habits of users, and analysis of inter-
session navigation show that various latent strategies of information seeking exist. Further,
findings indicate that there is a clear difference between the types of services people perceive as
useful prior to using the hotspots, and services that people actually use on the hotspots. Also,
findings indicate that people are willing to download information items from the hotspots to their
mobile devices for later reference, thus adding information to their personal information
repository. 

Keywords: human information behaviour, in-the-wild research, large public displays,
longitudinal evaluation, mobile applications, real-world deployment, ubiquitous
computing, urban computing





Kukka, Hannu, Tapaustutkimuksia ihmisten informaatiokäyttäytymisestä
älykkäissä kaupunkitiloissa. 
Oulun yliopiston tutkijakoulu; Oulun yliopisto, Teknillinen tiedekunta, Tietotekniikan osasto, PL
4500, 90014 Oulun yliopisto
Acta Univ. Oul. C 426, 2012
Oulu

Tiivistelmä

Tämä väitöskirja pyrkii löytämään ja selittämään uusia tapoja joilla ihmiset etsivät informaatio-
ta älykkäissä kaupunkitiloissa. Tausta suurelle osalle työstä on Oulun kaupunki, jonne olemme
asentaneet erilaisia jokapaikan tietotekniikan laitteistoja sekä palveluja. Erityisesti väitöskirjas-
sa tutkitaan suurten julkisten näyttöjen – ”UBI-näyttöjen” – verkostoa. UBI-näytöt toimivat
monipuolisena alustana jonka päällä uusia palveluja voidaan kehittää sekä testata autenttisessa
kaupunkitilassa todellisten käyttäjien toimesta riittävän pitkällä aikavälillä, joka puolestaan mah-
dollistaa palveluiden todellisen merkittävyyden arvioimisen suhteessa ihmisten jokapäiväiseen
informaatiokäyttäytymiseen sekä informaatiotarpeisiin.

Väitöskirjassa esitetyt tapaustutkimukset pyrkivät ymmärtämään tällaisten erittäin näkyvien
tietoteknisten laitteiden vaikutusta ihmisten käyttäytymiseen informaatiotutkimuksen näkökul-
masta. Tarkastelun kohteena ovat ihmisten jokapäiväiseen tiedonhakuun liittyvät strategiat hei-
dän käyttäessään UBI-näyttöjä, sekä erilaiset informaatiotyypit joita ihmiset pitävät tärkeinä hoi-
taessaan jokapäiväisiä asioitaan kaupunkitiloissa. Kysymykset kuten kuinka ihmiset käyttävät
uusia informaation lähteitä etsiessään tietoa jokapäiväisiin tarpeisiinsa sekä millä laitteilla ihmi-
set mieluiten etsivät ko. tietoa ohjaavat suurta osaa tutkimuksesta. Tutkimuksen teoreettinen vii-
tekehys muodostuu jokapaikan tietotekniikan tutkimuksesta, urbaanin tietotekniikan tutkimuk-
sesta, sekä ihmisten informaatiokäyttäytymisen tutkimuksesta.

Tutkimuksen tärkeimmät löydökset osoittavat että ihmiset ovat ottaneet uudet tietotekniset
resurssit osaksi päivittäistä informaatiokäyttäytymistään. Yksityiskohtainen lokitieto yhdistetty-
nä haastattelu- ja havainnointidataan tarjoaa syvällisen näkemyksen käyttäjien tiedontarpeisiin.
Dataa analysoimalla olemme havainneet joukon strategioita joita ihmiset käyttävät etsiessään
tietoa kaupunkitiloissa. Tutkimus osoittaa myös, että ihmisten oletettujen tiedontarpeiden sekä
havainnoidun käyttäytymisen välillä on suuria eroavaisuuksia. Käyttäjät ovat myös halukkaita
lataamaan tietosisältöä matkapuhelimiinsa myöhempää käyttöä varten, täten lisäten tietoa omaan
henkilökohtaiseen tietovarastoonsa.

Asiasanat: informaatiokäyttäytyminen, jokapaikan tietotekniikka, mobiilisovellukset,
pitkäaikainen evaluaatio, suuret julkiset näytöt, todellisessa maailmassa tapahtuva
testaus, urbaani tietotekniikka
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1 Introduction 

“Totally ubiquitous computing. One of the things our grandchildren will find 

quaintest about us is that we distinguish the digital from the real, the virtual 

from the real. In the future, that will become literally impossible. The 

distinction between cyberspace and that, which isn't cyberspace is going to 

be unimaginable. When I wrote Neuromancer in 1984, cyberspace already 

existed for some people, but they didn't spend all their time there. So 

cyberspace was there, and we were here. Now cyberspace is here for a lot of 

us, and there has become any state of relative non-connectivity. There is 

where they don't have Wi-Fi... 

In a world of super-ubiquitous computing, you're not gonna know when 

you're on or when you're off. You're always going to be on, in some sort of 

blended-reality state. You only think about it when something goes wrong and 

it goes off. And then it's a drag” 

- Leonard, A. (2007). WILLIAM GIBSON. (Cover story). Rolling Stone, 

(1039), 162. 

Since the late 1980’s, there has been a considerable push towards a post-desktop 

paradigm of computing or, more specifically, human-computer interaction. This 

third major paradigm, following mainframe computing and desktop computing, is 

known by many names, the most common being ubiquitous computing and 

pervasive computing. The term ubiquitous (or pervasive) computing refers to the 

wide-scale proliferation of computing resources in our everyday environments, 

and the vision of ubiquitous computing has, from the very beginning, been 

making our environments “smart” by invisibly blending intelligence in various 

objects that can then communicate with us in various ways. 

While ubiquitous computing remained an academic curiosity for most of its 

early years, the first decade of 2000’s started to see an incremental increase in 

real-life applications and systems that adhere to the ideologies of ubiquitous 

computing. All the building blocks described by Weiser (121) are in place, so to 

speak, and ready for wide-spread adoption: wireless Internet access is already 

ubiquitous, at least in urban areas, thanks to cellular data networks and open WiFi 

hotspots situated in public spaces. Smart mobile phones that allow continuous 

data access and browsing have become affordable, and the percentage of such 

smart phones is continuously increasing. Large displays broadcasting digital 
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information have become pervasive in urban spaces, and have very nearly 

replaced their previous counterpart, analogue printed information. Further, on a 

more personal level, data is increasingly moving to the web – or cloud. Instead of 

having all our personal data on the hard drives of our personal computers, we 

store increasing amounts of it in online sources for quick, ubiquitous access and 

sharing regardless of time and place. The explosive popularity of online social 

networking services such as Facebook, Flickr, YouTube, etc., create entirely new 

opportunities for also utilizing this data in various scenarios that move computing 

away from the desktop and out into the environment. 

One consequence of the proliferation of technology in public urban spaces is 

that information presented in these spaces is also becoming increasingly digital. 

Previous analogue information sources such as public phone booths with phone 

directories and maps, or printed timetables in public transportation stops, are 

giving way to digital sources serving the same information in a richer format. For 

instance in Finland all major telecom operators quit their public phone booth 

businesses in 2006–2007, and so people can no longer utilize printed phone books 

as service directories and maps while on the move. Instead, people now 

increasingly refer to online sources for this information, either through their 

mobile phones, or through public information kiosks. Public transportation stops 

often feature displays showing the exact arrival time of the transport, possibly 

along with its current location and other real-time information. Shopping malls, 

airports, and other commercial spaces offer touch-screen displays to visualize 

their shops and services, and often allow people to browse for more detailed 

information, sometimes letting people download this data to their personal mobile 

devices for later reference.  

Regardless of the method of information discovery, urban environments 

remain high information-demand spaces where people rely on many types of 

dynamic information cues found in the environment and, increasingly, in the 

digital counterpart of the physical world. This dissertation aims to uncover 

emerging practices in how people seek information while on the move in 

augmented urban spaces. The backdrop for a majority of the work presented here 

is the City of Oulu in Finland, where we (the Urban Interactions Research 

Program) have installed a variety of new ubiquitous computing infrastructure and 

services including, among others, a network of large interactive public displays 

called UBI-hotspots. The hotspots serve as a versatile platform on top of which 

new types of services can be developed, deployed and tested in an authentic urban 

setting with real, non-coached users and a sufficiently long timespan to truly 



 15

evaluate the impact of such services on the everyday life and practices of the city 

and its citizens. 

1.1 The Urban Interactions Research Program 

The work presented in this dissertation has been carried out within the long-term, 

multidisciplinary Urban Interactions (UBI) Research Program. The UBI program 

is an umbrella term for various projects carried out under the same long-term goal 

of studying ubiquitous computing in public urban settings, with each project 

having its own distinct goals and methods for reaching said goals. The UBI-

program brings together academics from several distinct fields, universities and 

research groups including computer science and engineering, economics and 

business, cultural anthropology, architecture, and art and design.  

The ambitious goal of the UBI program is no less than to impose a visible 

and lasting change on the Finnish society by building a functional prototype of 

the future ubiquitous city in Oulu, Finland. The ubiquitous city is a smart urban 

space that provides rich interfaces between the physical, virtual and social spaces. 

The realization of the ubiquitous city is pursued by deploying new urban 

pervasive computing infrastructure in form of different wireless networks 

(panOULU WLAN, panOULU BT, panOULU WSN) and interactive public 

displays (UBI-hotspots, UBI-projectors) around downtown Oulu in collaboration 

with the City of Oulu. These heterogeneous computing resources constitute a 

large distributed system, which is virtualized by a middleware component called 

UBI middleware. It hides the differences and internal communication between 

underlying computing resources, and provides uniform and open interfaces to 

users and applications. This urban computing testbed is provided as an open 

horizontal resource to the whole R&D community. For more information about 

the UBI program, please visit http://www.ubioulu.fi/en/.  

1.2 Research questions and methods 

The case studies presented in this dissertation aim at understanding the effect of 

these kinds of highly visible technological additions to the urban space from the 

point of view of human information behaviour. I seek to understand the 

underlying information seeking strategies people employ while foraging the 

hotspots for information, and the types of information people see as valuable 

while attending their daily business in the downtown area of the City. The role of 
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mobile devices as information pick-up tools is discussed through a service called 

BlueInfo, which allows people to download various information items to their 

personal mobile devices over a no-cost Bluetooth connection. Thus, questions 

such as ‘how do people utilize the new sources of information in their daily 

information seeking tasks’, and ‘what is their preferred medium for information 

delivery’, are addressed and discussed. 

As the focus of this dissertation is on understanding the ways in which 

information is sought, utilized, stored, and shared by people in public urban 

spaces, the theoretical framework is built on the field of human information 

behaviour research and, more specifically, theories related to information foraging 

and social information foraging, information scent, and everyday life information 

seeking and encountering. These theories, presented in detail in subsequent 

sections, provide a good starting point for understanding the basic ways in which 

human beings function in an information-rich environment, where several 

competing information sources exist, and a person has to make quick, often 

intuitive decisions on which information source would be the best fit in satisfying 

his/her current needs. 

The research questions related to each original article in this compilation 

dissertation are discussed in Section 1.2. The following research questions have 

served as over-arching guidelines when conducting a majority of the research 

done during the Ph.D project: 

Q1: What type of role can large interactive displays play in serving various 

information items in public urban spaces? 

Q2: Are there discrepancies between the types of information items people 

assume to look for while in public urban spaces, and the types of information 

they actually access when utilizing an information display? 

Q3: Are public displays suited for information pick-up, i.e. do people utilize 

the displays as information take-away points by downloading relevant 

content from the display to their mobile devices to use for later reference? 

As the conducted research has been highly iterative in nature, with tested 

prototypes and deployments varying in both maturity and testing environment, 

several research methods have been used. Early prototypes were tested in a 

usability laboratory, using very traditional usability evaluation methods, while 

more mature and public constructs such as the UBI-hotspots have required us to 

adapt methods from e.g. social sciences. These have included methods such as 
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unobtrusive observation and observational ethnography. However, as the public 

urban laboratory that has been built in downtown Oulu is a rather unique testing 

environment, we have come to find that existing evaluation methodologies for 

ubiquitous computing technologies tend not to scale very well to such a 

geographically large and highly public environment, where the tested services are 

made available to the general public on a 24/7 basis, and where researchers have 

very little control over how people utilize the technology. Most research methods 

utilized in the field of ubiquitous computing are, more or less, derived from HCI 

(97), and thus are all, to some extent, dependent on the researcher being able to 

control and manipulate certain variables and parameters in the experiment, and 

also often require the researchers to be able to identify the users, and link their 

actions back to some personal data such as age, gender, occupation, etc., for 

analysis. Early on in the project we made the conscious decision not to require 

users to create personal accounts or sign in in any way prior to being able to use 

our services, except in the case of the first version of the UBI-hotspot software 

where, in order to use the offered mobile services, people had to register as test 

users and collect a personal identification tag (RFID), as discussed in article III. 

Our hypothesis was that requiring people to create user accounts and log in prior 

to accessing any services would most likely dramatically decrease usage due to 

several factors such as lack of technical expertise or motivation, and also make 

serendipitous information encountering difficult.  

The lack of coherent methodology for longitudinally evaluating ubiquitous 

computing applications and services in a public environment has led us to begin 

work on extending the well-known ‘unobtrusive observation’ research method to 

better suit our rather unique research setting. We have dubbed our brand of 

unobtrusive observation ‘the invisible researcher in-the-wild’, and while far from 

complete, the basic principles and motivation behind this concept are introduced 

in Section 3.  

1.3 Original articles 

The original articles in this dissertation highlight several important factors in 

designing information services for the urban public. Moreover, another main 

contribution of the dissertation is a new grounding for designing and evaluating 

such information services by utilizing human information behavior theories to 

understand the strategies people employ when seeking information on a shared 

public display either for immediate on-screen consumption, or for taking 
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information to go to a personal mobile device. Researchers and designers building 

similar information services for urban settings can utilize the identified strategies 

and lessons learned.  

Article I introduces an architecture called BlueInfo, and several services build 

on top of this architecture. BlueInfo enables users to pull information items from 

Internet sources to their mobile devices using a no-cost Bluetooth connection, 

thus effectively bridging WPAN (Wireless Personal Area Network) and WAN 

(Wide Area Network) connectivity. The paper presents the first iteration of the 

BlueInfo architecture, and the first user trials of the system. User testing was done 

in a usability lab with the main purpose of uncovering user acceptance and 

usability issues with the system. The test was conducted as a comparative task-

based study, where users were asked to complete pre-defined tasks first by using a 

mobile phone with Internet connectivity and web browser, and secondly to 

complete the same tasks using the BlueInfo service. Results from the tests 

indicate that BlueInfo significantly reduces task execution times and the number 

of errors, and increases the success rate across all tasks. The problems found with 

the system relate to the user interface: as the prototype implementation relies on 

sending text-based commands to a BlueInfo access point in order to retrieve 

content, users expressed concerns about the initial cognitive load associated with 

having to remember several different keywords and parameters. As the first 

author my own contribution to this article is the design of the experiment, and 

analysis and write-up of the data. 

Article II introduces the concept of a 'UBI-hotspot', a concrete realization of 

new ubiquitous computing infrastructure in an urban space. The UBI-hotspot is 

effectively a versatile computing platform, comprising of a 57" full-HD 

touchscreen display, a high-end control PC, an RFID reader, and access points for 

several different networks including WiFi, Bluetooth, and WSN (Wireless Sensor 

Network). The paper also describes the first version of the underlying software 

architecture that enables the hotspots to function as networked nodes, and to 

dynamically load services from Internet sources. Further, the paper describes the 

first longitudinal deployment of 11 hotspots and associated services in downtown 

Oulu. Results from the longitudinal deployment indicate that the hotspots are a 

welcome addition to the cityscape, and usage statistics indicate that people see 

value in the offered services. My own contribution to this article, which 

undeniably covers a very large amount of work, comes from the design of the 

software platform and service selection. As the technical lead in the project, I was 

responsible for designing the major building blocks of the system. I also designed 
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many of the available services, and was involved in the implementation in a 

managerial role. Further, I was heavily involved in the actual field testing and 

data gathering from the 1st UBI-pilot and, later on, in the analysis of the data.  

Article III focuses on the utilization of mobile devices in conjunction with 

UBI-hotspots. The paper discusses several distributed applications that utilize the 

mobile phone as a private user interface, and the hotspot as a large, shared 

interface. The discussed distributed applications utilize the hotspot display in 

different ways, with some having interactive elements on both modalities (hotspot 

and mobile), and some limiting the interaction to one or the other. This article 

also describes the first public deployment of BlueInfo, and the system 

architecture behind the way distributed mobile/public display services were 

offered to the general public (i.e. using RFID identification and dedicated 

software packages on mobile devices. This article is an important link in the 

thesis, as it clearly illustrates the impact of difficult sign-up and login 

mechanisms have on service usage: once this mechanism was removed, usage 

increased dramatically. Further, the paper discusses the other mobile services that 

were available as part of the first version of UBI-hotspots. Data for this paper is 

gathered through a longitudinal study in an authentic setting, including both 

qualitative and quantitative data. Main findings from the study indicate that 

distributed user interfaces are suitable for building and deploying multi-modal 

services in urban spaces, and that these services make it possible for people to 

collaborate in new ways. My own contribution to the work presented in this 

article lies, again, in the design of the system, namely the interaction model where 

readers are placed in the environment, and tags are attached to the mobile device. 

This type of interaction model was, at the time, rather uncommon, as most studies 

utilizing RFID always used readers in the device, i.e. the few Nokia phones that 

came equipped with RFID readers. I was also involved in data analysis and 

writing of the paper. 

Article IV continues the evolution of the BlueInfo architecture. In the paper, 

several new BlueInfo prototypes are introduced and tested in varying settings. 

First, two prototypes utilizing different interaction modalities, namely pull and 

proximity based, are discussed and data from testing in a university campus 

setting is presented. Secondly, a final BlueInfo prototype utilizing UBI-hotspots 

as a user interface for requesting information content is presented, and data from 

a longitudinal deployment at downtown Oulu is discussed. Findings from the 

longitudinal deployment show that BlueInfo invites a lot of curiosity usage, and 

some "curious users" find enough added value in the service to become active 



20 

users. Further, results show that usage varies greatly based on location and 

context, and also to time of day, day of the week, and time of the year. As first 

author, my contribution to this paper is the design of the experiments, analysis of 

data, and writing the article. 

Article V takes a holistic view on the second iteration of service selection 

available through the UBI-hotspots. The article discusses the service selection 

from the point of view of information shortcuts in urban space, building on 

theories found in the related field of human information behaviour (HIB). The 

holistic view in this case refers to the design process of the various information 

and entertainment services made available through the hotspots, from the initial 

study aimed at understanding the users' information needs in smart urban spaces 

conducted using lo-fi prototypes designed to convey the idea of a large interactive 

display; to a "card sorting" exercise meant to uncover which of the service types 

found in the initial user study people see as most useful in an urban setting; and 

finally to a longitudinal deployment of selected services and an analysis of actual 

usage. The study contrasts the information needs people believe they would have 

a priori to using the hotspots to the actual information seeking behaviour people 

exhibit with the hotspots, and attempts to uncover differences and similarities 

with the two conditions. The main result is the identification of a set of a priori 

and a posteriori information seeking strategies in urban spaces. My contribution 

as the lead author in this paper lies in the analysis of usage data and patterns from 

the point-of-view of human information behaviour. Also, I have designed the 

experiments meant to uncover before-usage expectations and attitudes towards 

information services in public spaces and have, with the help of my co-authors, 

written the paper.  
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2 Background 

The work presented in this dissertation falls within the broad scope of ubiquitous 

computing. More specifically, the field of study utilized here is urban computing, 

a subfield of ubiquitous computing focusing especially in the deployment and 

evaluation of ubiquitous computing technologies and services in public urban 

spaces. Theoretical background of the research presented here utilizes previous 

work done in urban computing as a backdrop, and draws its theoretical 

framework from the field of human information behaviour (HIB). Next, I will 

briefly introduce relevant previous work done in each of these three fields, and 

also present a brief discussion on interactive public display research. A more 

detailed discussion of the various aspects of interactive public displays is 

presented in the original articles.  

2.1 Ubiquitous computing 

“The most profound technologies are those that disappear. They weave 

themselves into the fabric of everyday life until they are indistinguishable 

from it.” 

- Mark Weiser 

Ubiquitous computing (from the Latin word ubique meaning everywhere) is the 

term given to the third era of modern computing, following the mainframe era 

and PC era. Mark Weiser initially coined the term in 1988 at Xerox PARC, while 

serving as the director of the Computer Science Laboratory. In Weiser’s vision, 

computational intelligence became embedded in everyday artifacts used to 

support daily activities, equally applicable to our work, managing our homes, and 

for play. Weiser also referred to his vision as ‘the coming age of calm technology’ 

(121), making a clear separation between the PC, which tries to virtualize our 

world, and ubiquitous computing, which pushes the technology out into the 

physical world. Therefore, ubiquitous computing is roughly the opposite of 

virtual reality, which puts people inside a computer-generated world. Ubiquitous 

computing forces the computer to live in the real world, with real people.  

Weiser’s original vision emphasized proactive computing, meaning that the 

intelligence embedded in the environment would continuously observe human 

behavior, and be able use this data to proactively offer suitable services to users. 

In a world where computing is embedded everywhere, even in our clothing, 
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Weiser argued that the computers should “stay out of the way”, and not 

overburden our everyday lives. Information would appear in the center of our 

attention when needed, and fade into the background when not. To take a concrete 

example, let us examine the scenario Weiser put forth in his seminal paper The 

Computer for the 21st Century (120): 

“Sal awakens: she smells coffee. A few minutes ago her alarm clock, alerted 

by her restless rolling before waking, had quietly asked ‘coffee?’ and she had 

mumbled ‘yes’. “Yes” and “no” are the only words it knows. 

Sal looks out her windows at her neighbourhood. Sunlight and a fence are 

visible through one, but through others she sees electronic trails that have 

been kept for her of neighbours coming and going during the early morning. 

Privacy conventions and practical data rate prevent displaying video footage, 

but time markers electronic tracks on the neighbourhood map let Sal feel 

cozy in her street.”  

As illustrated in the scenario, Sal moves in a world that is continuously aware of 

her, adapting to her activities and keeping her up-to-date about the activities of 

her friends, neighbors, and colleagues. The scenario emphasizes comfort, 

coziness, and effortlessness through services made possible by a plethora of 

different types of embedded sensors, cameras, and computers. Rogers (96) draws 

an analogy to the world of aristocracy in Victorian England, where a raft of 

servants, deemed invisible to the aristocrats themselves, supported day-to-day life 

in various ways.  

In the IEEE Pervasive Computing special issue commemorating the 20th 

anniversary of the Weiser’s vision, Ferscha (36) (2012) provided a concise 

historiography of ubicomp research, highlighting how the field has progressed 

over three entangled generations of research challenges: connectedness (from 

1990s to early 2000s), awareness (early to mid 2000s) and smartness (mid 200s to 

present). From the point of view of this dissertation, the third generation that 

building on connectedness and awareness, considers ubiquitous systems as highly 

complex, orchestrated, co-operative and coordinated “ensembles of digital 

artifacts” is of interest. As compounds of huge numbers of entities these 

ensembles constitute a sociotechnical fabric, “weaving social and technological 

phenomena into the fabric of everyday life of societies” (35). Representative 

examples of such fabrics include the billions of personal computers and mobile 

phones connected to the Internet, social networking services with hundreds of 
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millions of users producing millions of wall postings and tweets daily, and cities. 

Thus, research is moving away from single user or small user group systems of 

the first two generations towards complex sociotechnical systems as large-scale 

deployments of pervasive computing infrastructure for large user populations. 

The analysis of such systems can provide knowledge benefiting an individual user 

or a small group. Nevertheless, the emergence of these sociotechnical systems 

gives rise to respective socioeconomic challenges. 

Adhering to this vision of calm computing, three major themes dominated 

much of the early ubiquitous computing research: context awareness, ambient 

intelligence, and monitoring/tracking (96), and many original prototypes 

following these themes were developed by projects such as MIT’s Oxygen, HP’s 

CoolTown, IBM’s BlueEyes, Philips’ Vision of the Future, and many others. 

However, despite the massive research effort towards realizing Weiser’s vision of 

calm computing, a large gap still exists between the vision of effortless, 

comfortable and informed living presented by Weiser, and the current state of 

ubiquitous computing research. As Adam Greenfield points out in his book 

Everyware: the Dawning Age of Ubiquitous Computing (42), we do not 

“do ’smart’ very well yet”, as realizing the ideas put forth by Weiser would 

require solving a number of very hard artificial intelligence problems. 

The early themes of context awareness, ambient intelligence, and 

monitoring/tracking are not mutually exclusive, but overlap in the aims and 

methods used. Context-aware computing (e.g. (32)) focuses on detecting, 

identifying, and locating the movements, routines, and actions of people with the 

aim of utilizing this data to support and assist a person or persons in an 

augmented space. When thinking about ubiquitous computing from the point of 

view of proactive computing, recognizing and utilizing accurate context 

information becomes a key requirement for providing services, and thus a huge 

number of research projects have studied ways of recognizing users’ context. A 

motivation behind much of context-related research is to find ways of 

compensating for limitations in human cognition, e.g. attention, memory, learning, 

comprehension, and decision-making, through the use of sensor-based and 

computational tools (96). A fundamental problem in building truly context-aware 

systems is the huge variability of human behavior in real-life situations. 

Ethnographic studies have revealed that the specifics of contexts surrounding 

people’s day-to-day life are much more complex than theories of context have 

previously assumed (100). This makes realizing context-aware services very 

difficult in any practical sense. For this reason, most context-aware applications 
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are only capable of functioning in very simple environments, and thus are not 

applicable in real-world scenarios. 

Ambient intelligence, on the other hand, refers to computational intelligence 

that is embedded in both the physical and the digital worlds, thus logically 

following from work done in the field of artificial intelligence. The phrase “right 

content at the right place and right time” has been often quoted in conjunction 

with ambient intelligence research, referring to smart environments, embedded 

with intelligence that will predict people’s needs and react accordingly. So, for 

example, an environment embedded with ambient intelligence would try to 

discern your needs as you move about the space. This can range from the sound 

system at your home automatically adjusting the volume when you move away 

from the speakers, to tourists being informed about nearby points-of-interest 

when walking around an unfamiliar city, to your mobile phone reminding you to 

purchase something or other when close to an appropriate store. However, similar 

to context-aware computing research, ambient intelligence is very difficult to 

realize in a real-world setting. Despite significant advances in the fields of 

computer vision, speech recognition, gesture-based UIs, etc., interfaces that could 

accurately predict and deliver what is assumed people want or need is still a long 

way off. One of the most well-known research projects attempting to implement 

ambient intelligence is IBM’s BlueEyes project (113). The project sought to 

develop computers that could “see” and “feel” like humans, utilizing novel 

sensing technology to identify a person’s actions and to extract key information 

that would then be analyzed to determine the person’s physical, emotional, or 

informational state. The outcome of the project was rather limited, however: a 

concrete example of their work was a television that would automatically switch 

itself on when eye contact was made with it, or the television could be “told” to 

switch itself off. These modest results go to show how difficult it is to actually 

realize proactive computing outside the controlled settings found in laboratories. 

Reading, interpreting and acting on people’s moods, intentions, desires, etc., is a 

highly developed human skill that is extremely difficult to duplicate on machines. 

Another dominant theme in ubiquitous computing research has been 

recording, tracking and monitoring. These projects have mostly focused on 

utilizing different types of sensing technologies to aid the less able members of 

the society, i.e. the elderly, the physically and mentally disabled, etc. (76). 

Ubiquitous computing systems track and monitor the movements, habits, health, 

and other things of such people, and data is presented to the families, carers and 

other people responsible for them via remote monitors or other techniques. These 
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people can then utilize the data to determine whether to intervene or administer 

alternative forms of medical care. In particular, systems to aid the elderly in 

reminding them to take their medication, checking up on their vital signs, 

detecting if they have fallen over, etc., have been researched and trialed (e.g. (27)). 

One of the reasons behind such a heavy push towards assisted living applications 

in ubiquitous computing research is the fact that the needs and benefits of such 

applications are easily identifiable with these user groups, thus making the 

problem field smaller than with other groups with a more varied lifestyle, as 

discussed earlier. Rogers (96), however, points out the inherent privacy concerns 

of such applications: if, for instance, sensors are utilized to very accurately detect 

movement and weight change while a person is in bed, as done in one project (12), 

the benevolent application meant originally to track trends in weight loss/gain and 

sleeping patterns can start to take on characteristics of extreme monitoring. This 

type of data can also be used to determine whether or not a person is in bed alone, 

for instance, and understandably, such visions of a ‘big brother’ society have 

elicited strong reactions from both the general public and scientists from other 

fields, including social sciences. Of course, most projects are sensitive to privacy 

issues, but discussions about the trade-offs between privacy and security still 

dominate much of the research in this field. 

Conversely, many concurrent ubiquitous computing research projects have 

abandoned the vision of a proactive environment discreetly observing our 

behavior and offering suitable services as needed in favor of a more reactive 

environment, where services are made available to users when requested – or, as 

Rogers (96) calls it, moving from proactive computing to proactive people. In 

effect this means that because of the problems discussed earlier, systems no 

longer attempt to make decisions for us but rather sit in the background, waiting 

for a user to initialize a session. Of course, while this approach tackles some of 

the more difficult technical problems surrounding the proactive computing 

approach, reactive computing is not without its very own difficulties. For instance, 

in several research projects dealing with interactive public displays, researchers 

have found that getting people to actually begin interacting with a display is very 

difficult. In their paper, Brignull and Rogers (18) discuss the difficulties of getting 

people to cross certain interaction thresholds and become active users. They 

identify several pieces of key information that needs to be made available to 

people in order for them to move from peripheral awareness to direct interaction. 

Similarly, Peltonen et al.  (90) focused on analyzing the emerging social 

interaction patterns related to a public interaction setting. Besides identifying 
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interaction roles such as mentoring and ad hoc collaboration, they also verify the 

so-called honeypot concept, identified also in by Brignull and Rogers (18). This 

concept suggests that an ongoing interaction on a public display serves as an 

attention incentive for others, thus serving as the most effective way for public to 

learn about the display’s interaction affordance and allow subtle shifting between 

being an onlooker and a participant. Further highlighting the difficulty of 

attention gathering, in their study of ambient information displays, Huang et al.  

(52) found that people tend to pay only brief attention to such displays, and that 

glances towards displays only last for one or two seconds. Thus any informational 

content presented on information displays has to be absorbable in these precious 

few seconds, or be ignored.  

2.2 Urban computing 

“Notions of what a computer is have not kept pace with realities of how 

digital systems are applied. As ambient, social, and local provisions for 

everyday life, those realities have become part of architecture. Whereas 

previous paradigms of cyberspace threatened to dematerialize architecture, 

pervasive computing invites a defense of architecture” 

- Malcolm McCullough in Digital Ground: architecture, pervasive computing, 

and environmental knowing. MIT Press, 2004 

The contemporary urban landscape is currently undergoing a series of changes. 

New technological components introduced into the very fabric of our shared 

public spaces create new opportunities for real-time information delivery through 

ubiquitous data access, enabling people in these spaces to seamlessly connect to 

their online networks of dislocated friends and family, and to access their personal 

data regardless of time and place. Further, new infrastructure such as large public 

displays and heterogeneous sensor networks make the environment more sentient, 

allowing for new types of services to be developed to provide added value to the 

people. In a word, urban spaces are becoming smart.  

Urban computing, defined as “the integration of computing, sensing, and 

actuation technologies into everyday urban settings and lifestyles” (60), is an 

emerging research field, which considers the use and utilization of pervasive 

computing technologies in spaces not traditionally associated with computing 

needs – urban environments. These urban spaces are often seen as “in-between 

spaces”, spaces that represent obstacles to traverse from one place to another (88), 
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or “third places” – the spaces between home and work (107). Space is one of the 

key concepts in urban computing (123), but the term must be expanded beyond its 

traditional meaning of a physical setting with defined boundaries. Urban 

computing views spaces as a setting for social protocols, conventions, and values, 

as well as means for shaping our own individual concept of identity, community, 

and self (63, 88). Urban spaces offer the greatest opportunities and strongest 

demands for ubiquitous computing, yet urban design has not featured 

significantly in the ubiquitous computing systems research. There is no 

fundamental theory, knowledge base, principled methods nor tools for designing 

and building ubiquitous systems as integral elements of the urban landscape (63). 

While urban computing is focused on understanding technological effects on the 

urban landscape, it’s important to reflect on urban life itself (87). 

Urban computing is driven by two important and related trends; urbanization 

and rapid deployment of computing infrastructure in the urban space. According 

to the United Nations, already 75% of the population of the developed countries 

and 50% of the population of the whole world live in cities, and the proportion of 

urban people is growing all the time. At the same time, new computing 

infrastructure is being deployed in different forms in the urban space. For 

example, the average mobile phone penetration in the EU was 112% in 2007, and 

146% in Finland in December 2009. 1.5 billion Bluetooth radios have been taken 

into use in different devices by year 2007, just a decade after the conception of 

the technology. According to Intel, a new WLAN access point is being deployed 

every four seconds. Large public displays are being installed indoors and 

outdoors for informative and commercial broadcasting. Many different types of 

sensors, for example traffic counters, micro weather stations and surveillance 

cameras, are becoming more and more common in urban space. 

Urban computing research has especially grown from longer-term interest in 

mobile computing and wireless communication, and from their applications in 

urban navigation, discovery and interaction. This legacy led to initial urban 

computing research framing mobility as problem solving in three dimensions: 

disconnection (from stable situations, e.g. file synchronization over wireless 

connection), dislocation (finding your way or locating resources, e.g. GPS) and 

disruption (mobility as possibly inappropriate in some urban settings, e.g. mobile 

phone automatically setting itself to vibrate mode in theatre). By contrast, an 

emerging generation of applications is viewing mobility not as a problem to 

overcome but as a way to create interactive experiences that rely on or exploit 

movement and space. These applications will provoke new ways of thinking 
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about movement and spatial practice in technology-mediated contexts, and frame 

urban mobility as an everyday fact and a new opportunity (11).  

Beyond mobile computing, research on smart environments is a cornerstone 

of urban computing studies. Schmidt (104) assessed the status of ubiquitous 

computing by looking back at the challenges that Schilit (103) had laid out seven 

years earlier. Wireless communication is ubiquitous in most developed countries, 

and mobile devices provide access anytime and nearly everywhere. Sensing, 

social networking, computing, and communication technologies have become 

increasingly intertwined. System designers now realize that much functionality 

can be provided easily and reliably by the collective activity of other humans 

rather than by traditional artificial intelligence. The focus thus becomes how to 

use computing technologies deployed to a large number of people that are part of 

a social structure. Wireless sensor networks based on mobile devices will drive a 

wide range of new urban-scale and eventually global-scale applications (20). 

Experiments show that participatory sensing in the large enables everything from 

fine-grained air-quality monitoring to understanding which places in a community 

induce fear or happiness. As the cost of display technologies shrinks, digital 

displays are replacing traditional billboards, posters, and signs. While current 

public digital displays are mostly standalone or connected to a simple content 

distribution network, in the researchers’ visions globally networked displays will 

become the dominant public communication media, providing information and 

communication services well beyond advertising. With cameras and microphones 

available on many mobile devices, capturing and sharing have become 

commonplace. In the not-too-distant future, people could have real-time access to 

a large number of cameras integrated into other users’ glasses, perhaps indexed by 

wearer location. Ubiquitous capturing and sharing on such a massive scale 

portends overcoming the traditional temporal and spatial boundaries of human 

perception of the world that raises important ethical and social implications (4). 

Schmidt concluded that while invisible computing has come a long way, we are 

not there yet. Smart environments, in particular, remain an open research area, 

with the technology’s impact on people’s lives much less prevalent than in the 

domain of mobile and personal devices. 

As urban computing is a field sitting in the intersection of a multitude of 

different disciplines, the themes and research topics can easily seem fragmented 

and divided. This is partly due to the inherent nature of urbanity and densely 

populated urban areas, which in effect mirror all the complexities and varied 

aspects of human life, and brings with it the barely controlled chaos that is the 
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construct we identify as a City. It is this omnipresence of the ubiquitous human 

factor that excludes urban computing from the family of purely technical subjects, 

and allows researchers to focus on themes that are technology-based but not only 

about the technology. 

With these considerations in mind, I will next present an overview of urban 

computing themes as identified by Williams and Dourish (123). While all of the 

discussed themes are not of direct relevance or consequence to the case studies 

presented in this dissertation, it is important to place this work within a larger 

context of work carried out in the field. 

2.2.1 Friends and strangers 

One of the most focused-on themes is that of friends and strangers, and 

connectedness in urban spaces. Cities are often portrayed as dangerous, alienating, 

and full of strangers (123). Several applications have been developed and 

deployed to alleviate the feeling of disconnectedness and alienation in 

contemporary urbanites. An early example from the late 1990’s, the Lovegety 

gadget helped strangers in Japanese cities find potential love matches by scanning 

for device holders of opposite gender within a five-meter radius and beeping 

when a suitable match was found. More recently, similar applications have started 

to leverage the power of Internet social networking sites. Dodgeball.com utilized 

a website where users could add friends to their online profiles and, subsequently, 

send text messages to the server specifying their location when out on the town. 

The service notifies the user’s friends of his whereabouts and vice versa, alerting 

him if friends or friends of friends are located within 10 blocks.  

With the ubiquity of mobile Internet access, several services allowing users to 

broadcast their current whereabouts and activities to their network of friends have 

become highly popular. Examples include Facebook, where users are able to 

update their current status information, which is subsequently displayed to all 

contacts in the users’ network. Similarly, Twitter allows users to publish short 

‘tweets’, usually containing information about their current activity. Foursquare 

lets users share their location with their friends, also including photos and tips on 

what to do in the location. This type of one-to-many and many-to-one information 

broadcast again helps to increases the feeling of connectedness in urban areas.  

Paulos and Goodman (87) explore the concept of “familiar stranger”, drawing 

the term from the psychologist Stanley Milgram’s work in 1970’s. Familiar 

strangers are people who you meet continuously, yet have no formal interaction 
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with. Examples are people who take the same bus line with you every morning to 

go to work, or people you see eating at the local diner. Paulos and Goodman 

introduce a device called Jabberwocky, which detects the people its user 

encounters in travels throughout the city, lightning up when it detects someone 

the user has encountered before. Jabberwocky, while not a traditional friend-

finding device, nevertheless renders urban spaces more legible in terms of 

connections to people who share the same space. 

2.2.2 Mobility 

Mobility is also one of the common themes found in discussions on urban 

computing. As cities are increasingly becoming global and people move about 

more than ever, the concept of mobility becomes an important issue. In their 

discussion of familiar strangers, Paulos and Goodman (87) note that mobility is a 

key factor in the existence of strangers who are, by necessity, from “elsewhere”. 

Mainwaring et al.  (71) discuss how young urban professionals manage their 

mobility and the interfaces they use as they move about the city over the course of 

the day. The three people presented in the study are in an advantageous position 

in that they are free and fit to travel as they will, often visiting friends in other 

cities, travelling on business, or working for a company based on another 

continent.  

Majority of urban computing research takes this view on mobility, picturing 

all urbanites as being young, professional, moderately wealthy, and free to travel. 

In her work, Allon (5) contrasts the image of backpackers arriving to Australia on 

a work visa to that of illegal immigrants arriving there on boats. While the latter 

are often described as “queue jumpers, invaders, illegals, and potential criminals”, 

backpackers on the other hand are seen as “resourceful, self-reliant, adaptable, 

young single, without dependent children or spouse, fit, and healthy”. Williams 

and Dourish (123) insightfully comment on this view, asking how anyone could 

arrive at the coast of Australia in a flimsy vessel without being resourceful, self-

reliant, and adaptable.  

Contrasting the mainstream understanding of urban mobility, Goldman (38), 

in his study of Silicon Valley knowledge workers, claims that rather than 

becoming more mobile, people depend increasingly on constant connectivity to a 

broader network, and tend to favor particular physical spaces that meet our needs.  

In a more concrete way, urban computing research on mobility has produced 

several applications to facilitate and aid mobility in urban areas, mainly focusing 
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on route- and location finding (cf. (6, 70)) but also exploring the mobility of 

individual users in a local- and global scale. Kostakos and O’Neill (62) present a 

platform called Cityware, where they use Bluetooth access points to track 

Bluetooth-enabled devices passing these access points. The data is then 

aggregated in a Facebook application, where registered users are able to track 

their movements and encounters with other registered users, effectively bridging 

information gathered from online and offline social networks. 

2.2.3 Legibility 

Urban spaces, especially the great metropolitans, can seem chaotic and confusing 

especially to people visiting them. Urban computing research aims at making 

these spaces more legible and understandable to people, continuing the legacy of 

environmental cues such as church bells, architectural styles, and other features 

that have helped people make sense of their position in cities in the past. 

The legibility of urban spaces is a rich area of research, and new emerging 

technologies aid our constructions and representations of space. Williams and 

Dourish (123) raise important questions related to technology and legibility of 

urban spaces. They claim that it is important to see the city as more than an 

accumulation of people, buildings, and services, and instead reflect on the 

dynamic structures and range of cultural understandings for its occupants. 

Moreover, they point out the “…need to see spatial distance, regional familiarity, 

and personal contact not simply as instrumental aspects of cityscapes to be 

overcome by new technologies, but also as context within which new technologies 

must operate.” 

Paulos et al.  (89) discuss the possibilities brought on by listening and 

utilizing the rich, ambient soundscape of cities in making urban spaces more 

legible to its inhabitants. By analyzing the sounds found in the modern urban 

environment, they found that in addition to the more traditional sounds associated 

with city life a new element has begun dominating the soundscape, namely 

ringtones of mobile phones. They then extend the idea of ringtones in a project 

called Hullabaloo, where Bluetooth access points and users’ mobile devices are 

utilized to create a place-based sound mix called sound of the moment in an urban 

space. Each individual user device is assigned a random sound when they enter 

the augmented space, and the sounds of all devices are mixed together to create a 

unique ambient soundscape for that location. According to their user feedback, 

people found the sound mix to be informative in that the users started to identify 
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individual tracks from the mix and were thus able to associate the sound, or lack 

thereof, with the presence or absence of people they know in that space. 

2.2.4 Urban probes and constructive interventions 

Urban Probes is a research methodology first introduced by Paulos and Jenkins 

(88). In their introductory paper on the methodology, they write:  

“Technology is emerging in urban landscapes where our complex social roles 

in urban communities, our movement and traces through cities, and our 

interactions with place and public artifacts intersect. We argue that these 

conditions are ideal for probes”. 

Here, a probe refers to an instrument that allows measurement of an unknown, 

producing hopefully useful and interesting data. In this case the unknown is the 

urban landscape, where new technology is emerging and where complex social 

roles of the urban communities, people’s movement and traces through cities, and 

people’s interactions with place and public artifacts intersect. An urban probe is a 

fail-fast methodology for asking early questions about urban computing, in order 

to focus the research and for conducting rapid application discovery and 

evaluation metrics. In practice an urban probe is lightweight intervention to the 

urban landscape, a semi-functional artifact relaxed from the rigors of the 

traditional ‘heavyweight’ design process, and provocative enough to elicit direct 

reaction and promote immediate discussion about it. 

Urban Probes methodology breaks down into four phases: observation, 

intervention, artifact production, and deployment and reaction. The observation 

phase includes selecting a physical location or locations for deep observation. 

Questions such as “what is the entrance and exit of this space”, “what are the 

patterns within or across this space”, or “what is the meaning of this place” are 

asked and analyzed by the researchers. Then, in the intervention phase, 

researchers directly intervene to alter and/or disrupt the usage, actions, or flow 

within the urban focus of attention. This will, in turn, accelerate the 

deconstruction and understanding of the essence of urban life, improves design 

outcomes, and promotes the emergence of novel ideas. The next phase, artifact 

production, is then geared towards creating new, functional prototypes that are 

introduced in the urban space. These objects must be designed to answer or 

understand particular urban computing issues. After the prototype is finished, it 

will be deployed in the final phase. Observation is important at this stage to 
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document the reaction and interaction of people and place with the new artifact. 

Questionnaires and surveys are used to collect data along with other techniques 

such as video documentation. 

The urban probes methodology provides an interesting starting point for 

research in urban settings. This is well illustrated in the original paper by Paulos 

et al., where the project built an augmented trashcan that could project its content 

to the street using a video projector. To distinguish our approach from the original 

Urban Probes methodology, we have coined the term heavyweight urban probes 

to describe our hotspots. The main difference between the two is that while urban 

probes are intended to be short-lived experiments that elicit immediate response 

from the population, our heavyweight probes are built as permanent additions to 

the cityscape, thus allowing us to study the impact of such technology in detail, 

over a long time period. As discussed in Section 3.1, this type of longitudinal 

real-world research is crucial for understanding how new innovation diffuses 

among the general population, and how the user population will appropriate the 

technology once novelty value dissipates. 

2.3 Human information behaviour 

“Beyond obsession, curiosity, and creativity, lies a host of motivations NOT 

to seek information” 

- David Johnson (1997, p.70) 

The field of information science includes, among others, a research area that 

studies human information related behaviours. These behaviours include 

information seeking, information foraging, information retrieving, information 

organizing, and information uses (109, 110). On a high level, information seeking 

behaviour is defined as the totality of human behaviour in relation to sources and 

channels of information, including both active and passive information-seeking, 

and information use, and “the purposive seeking for information as a consequence 

of a need to satisfy some goal” (124). More specifically, Spink and Cole (110) 

define information seeking as a sub-set of information behaviour that includes the 

purposive seeking of information in relation to a goal. Further, information 

organizing behaviour is defined as the process of analysing and classifying 

materials into defined categories, and information use behaviour as the process of 

incorporating information into an individual’s existing knowledge base. Wilson 

(124), then, defines information searching behaviour as ”...the behaviour which 
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stems from the searcher interacting with the system in question. This system could 

be a technological one, such as the searcher interacting with a search engine, or 

a manual one, such as the searcher selecting which book is most pertinent to their 

query.” 

Case (21) structures information behavior research along two dimensions of 

information consumer and task-orientation, as shown in Table 1. 

Table 1. Contrasting examples of information behaviour research questions (adapted 

from Case 2002). 

Task-orientation Information Consumer 

Person Group 

Task-oriented studies “How do lawyers make sense of their 

tasks and environments?” 

 

“How does a manager learn about job-

related information outside of formal 

organizational channels?” 

“What kinds of documents do 

engineers need for their work, 

and how might the corporate 

information center supply them?” 

 

“How satisfied and successful are 

student searches of a university 

library’s new Web-based 

catalog?” 

 

Nontask-oriented studies “How do the elderly learn about and 

cope with problems or opportunities 

that come up in their daily lives?” 

 

“Why do TV viewers choose one 

program over another, and what 

satisfactions do they achieve in doing 

so?” 

“How does the public use a library 

for personal pleasure and growth; 

what they as for, borrow, and 

read?” 

 

“How do we persuade teenagers 

to act in healthy and responsible 

ways? What messages about 

drug abuse do they attend to, and 

why?  

With regards to this taxonomy, the work presented in this dissertation is clearly 

“group oriented”, as we are studying the effects of a new urban information 

delivery system, and “nontask-oriented”, as people are not expected to utilize the 

system for highly task-oriented purposes, but rather for serendipitous everyday 

information encountering and on-the-go consumption.  

While early information behavior research often did not view such 

information seeking as relevant for study, Dervin changed that in her landmark 

article in 1976 (31). She set out to debunk 10 major assumptions that had 
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dominated research on communication and information seeking up to that time. 

The most relevant of these, with regards to this dissertation, are perhaps 

assumptions 1 and 4: 

”1. Only ‘objective’ information is valuable. People are rational beings who 

process data from the environment to analyze alternatives and make optimal 

decisions. Several problems plaque this assumption, including our common 

tendency to rely on easily available sources of information, such as our 

friends. For most tasks and decisions in life, people tend to settle for the first 

satisfactory solution to a problem, rather than the best solution.” 

”4. Information can only be acquired through formal sources. This 

assumption, often made by those in educational institutions, flies in the face 

of actual behavior. People use formal sources rarely, instead gathering and 

applying information from informal sources, chiefly friends and family, 

throughout their lives.” 

The ten assumptions questioned by Dervin specifically relate to the context of 

everyday information needs, and not highly specific, task-oriented needs like 

scientific inquiry or business data for decision-making. As everyday information 

encountering and consumption are also the goals of the information systems 

utilized in this dissertation (i.e. UBI-hotspots and BlueInfo), the debunking of 

these assumptions becomes highly relevant. The purpose of our system is not to 

provide people with objective, best possible information, but rather information 

that is good enough to satisfy the in-situ information needs that arise while on the 

move in the urban space. Also, the UBI-hotspots are a highly informal source for 

information due to their very nature – in addition to useful tidbits of information, 

people can (and do) also utilize them for entertainment, fun, and games.  

The dichotomy between ”real” information seeking versus ”entertainment” 

has been raised in previous information reserach literature. For instance, Case (21) 

notes: 

”One of the unfortunate blind spots in the study of information seeking has 

been the artificial distinction between ’entertainment’ and ’information’. It is 

as if the two had nothing to do with one another. And yet they clearly 

represent, for individuals, some kind of continuum: entertainment clearly has 

more to do with the subjective end of the continuum posited earlier [in this 

chapter]. Part of this bias against entertainment undoubtedly comes from our 

tendency to overrationalize human behavior. We prefer to see people 
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primarily as thinking beings. Hence we emphasize cognitive factors in 

behavior rather than affective influences.” (p.103). 

Case continues by questioning the somewhat artificial division of information 

versus entertainment: 

”In other words, we have a tendency to Dichotomize (fact versus opinion, 

information versus entertainment) phenomena that are really not that discrete. 

Making distinct categories of information end entertainment inevitably 

results in a focus on utilitarian behaviors – anything labeled 

as ’entertainment’ by definition cannot inform anyone and is thus not worthy 

of our attention” (p.104). 

Case concludes by noting that it is simply too difficult to judge where information 

ends and entertainment begins. Similarly, Zilman and Bryant (128) posit that 

‘media idealists’ believe that only ‘serious’ uses of information channels are 

worthy of study, leading to an unfortunate state of affairs in which effects of 

entertainment receive very little attention from researchers, presumably because 

entertainment is seen as “cheap escapism” and not a serious topic of worthy of 

study. Holmöv (47) even goes as far as to claim that with printed news (i.e. 

newspapers), reading is largely unrelated to actual knowledge of particular news 

topics, and that readers of serious news may be reading entirely for the fun of it. 

This view is also shared by Dervin (30), who posits that most people, educated or 

otherwise, rely mainly on close friends and relatives for information – the use of 

books, newspapers, and magazines is typically low. People, she claims, seek 

formal information sources only in a small subset of situations, resulting in a ’law 

of least effort’ in information seeking behavior (p.158). 

Thus, information seeking and entertainment are not mutually exclusive, both 

in general and in this case with the UBI-hotspots, but rather complementary: the 

hotspots are seen as entertaining because of services such as games, and once a 

person or group has engaged in interaction with a hotspot, they are more likely to 

also browse the more information-rich content than they would be if they had not 

begun interacting in the first place. Further, instead of classifying some services 

as pure entertainment with no information content whatsoever, we must strive to 

see the potential for information in these services. For instance, a popular service 

found in the UBI-hotspots is a traditional Hangman game, where players attempt 

to guess words by picking letters. Although entertaining by nature, the Hangman 

game may help children learn the alphabet, learn new words in either their native 
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language or a foreign language, and as a group activity, teach social skills such as 

turn taking and collaboration. 

2.3.1 Approaches to information seeking 

Historically, the information seeking approach has been dominant in library and 

information science research (124). However, other major approaches have 

emerged. These include the information seeking and problem solving (13, 21), 

everyday life information seeking (101), and information foraging (91, 92). These 

traditional models have proved inefficient in explaining the totality of human 

behaviour related to finding information, however, and especially with the advent 

of the Internet, new approaches have attempted to overcome the inherent 

limitations of these models (21, 109). 

Information foraging theory has been used to examine human interactions 

with information retrieval and web systems. The theory posits that for each 

information retrieval task, there are associated costs such as time costs, resource 

costs, and opportunity costs that evolve and change based on different 

information foraging and sense making strategies, and that these costs are then 

weighed against the expected rate at which useful information is delivered (109, 

110). While information foraging theory usually focuses on "information", it can 

be used with other types of content such as text, video, audio, or images. 

Information foraging theory is derived from the optimal foraging theory used by 

biologists to understand the factors determining an animal's food preference and 

feeding strategies. As Pirolli and Card (92) explain: 

Imagine a predator, such as a bird of prey, that faces the recurrent problem of 

deciding what to eat, and we assume that its fitness, in terms of reproductive 

success, is dependent on energy intake. Energy flows into the environment 

and comes to be stored in different forms. For the bird of prey, different types 

of habitat and prey will yield different amounts of net energy (energetic 

profitability) if included in the diet. Furthermore, the different food-source 

types will have different distributions over the environment. For the bird of 

prey, this means that the different habitats or prey will have different access 

or navigation costs. Different species of birds of prey might be compared on 

their ability to extract energy from the environment. Birds are better adapted 

if they have evolved strategies that better solve the problem of maximizing the 

amount of energy returned per amount of effort. Conceptually, the optimal 
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forager finds the best solution to the problem of maximizing the rate of net 

energy returned per effort expended, given the constraints of the environment 

in which it lives. 

Key concepts derived from this analogy are the food source (the information 

source), the location in which it can be found, the strategies with which to find it, 

the tools available to find it and the benefit that can be gained from its 

consumption (114). Information foraging theory offers a novel and useful 

perspective on designing systems for information retrieval. It encourages 

designers to consider the structure of the interface to support different searching 

and browsing strategies appropriate for the context of work and how to 

effectively use metadata cues to enhance item selection and patch navigation. 

Information foraging theory has successfully been used in describing and 

understanding users' web browsing behaviour (22, 33). Also, social information 

foraging (91) has shown that a group of people can more efficiently discover, 

invent, and innovate than a single user. 

Related to information foraging theory is the concept of information scent 

(25, 92). The concept reflects the profitability of an information source in relation 

to other potential sources (92). According to information scent, people estimate 

how much useful information they are likely to obtain on a given path, and after 

seeking information compare the actual outcome with their predictions. When 

information scent stops getting stronger (i.e., when users no longer expect to find 

useful additional information), the users move to a different information source.  

Other two relevant concepts used in this dissertation are information 

encountering and information seeking. These two behaviours are often seen as 

opposite ends of a continuum, with information encountering being a more 

passive and serendipitous activity, while information seeking implies an active 

pursuit of information (21, 34). However, researchers have questioned this simple 

dualistic view. For instance Erdelez (34) notes that while researchers primarily 

view information acquisition as active and problem oriented and tend to use the 

term information seeking as a generic term for all types of information acquisition, 

this labelling is misleading because passive and opportunistic information 

acquisition such as some types of browsing, environmental scanning or 

information encountering more resemble ‘gathering’ than ‘hunting’, i.e. the active 

pursuit suggested in the term seeking.  

Erdelez calls information encountering a “memorable experience of an 

unexpected discovery of useful information”, and defines it as something that 
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occurs when one is looking for information related to a topic, and finds 

information related to another one. Information encountering also occurs when 

bumping into information while carrying out a routine activity. Other terms that 

have similar meaning are accidental discovery of information (ADI) and 

incidental information acquisition. Thus, while information seeking and browsing 

involve ‘process oriented’ information acquisition, information encountering is an 

event or incident of information acquisition that occurs at a specific moment in 

time. However, information encountering may also occur during the process of 

information seeking or during the process of browsing. For example, a student 

seeking information for a term paper may also encounter information related to 

another project s/he is currently working on. The existence of an underlying 

information acquisition process, however, is not a prerequisite for information 

encountering, and people may encounter information while carrying out routine 

tasks that in no way relate to information seeking. 

Finally, the term everyday life information seeking (ELIS), also called citizen 

information seeking (as opposed to job-related information seeking and use) (101) 

relates to the way people habitually scan their environment for information items 

related to dynamic needs that arise in the moment, and are not pre-planned tasks 

that require specified in-depth information sources to fulfil. Savolainen (101) 

broadly defines ELIS as “the acquisition of various informational (both cognitive 

and expressive) elements which people employ to orient themselves in daily life or 

to solve problems not directly connected with the performance of occupational 

tasks”, and subsequently identifies two dimensions along which ELIS may be 

understood: seeking of orienting information (concerning current events), and 

seeking practical information (i.e. finding solutions to specific problems). 

Examples of such needs include finding one’s current location on a map 

(orienting information), or knowing when the next public transport to get home 

leaves (practical information). Further, as discussed before, these tasks do not 

necessarily have to be related to actually finding information. The need to be 

entertained and/or “kill time” while waiting for a friend to arrive, for instance, is 

also considered a valid task in the context of this dissertation. 

2.3.2 Information needs and urban residents 

The fulfillment of everyday needs depends, at least in part, on information, and 

many communication theorists posit information acquisition and its proper use as 

the basis of effective human functioning (1). Evidence shows that information use 
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is strongly related to an individual’s ability to make decisions, willingness to take 

risks, ability to achieve successful outcomes, and can even affect his/her feelings 

of personal effectiveness (117). However, the concept of an information need is 

difficult to define, because needs are not easily observable. Rather, needs are 

more typically inferred post hoc, after some action or request has been made 

manifest (21). Wilson (125) notes that while researchers often fret over a 

definition of information need, much of the time they are really studying 

information seeking behaviors. Belkin and Vickery (14) point out that observing 

an information need is difficult, as it exists inside someone’s head and must be 

inferred by an observer while a search is in process, or after it has taken place. 

Here, I will use the admittedly very broad definition of an information need 

provided by van de Wijngaert (115): “Need for information consists of the 

process of perceiving a difference between an ideal state of knowledge and the 

actual state of knowledge”. 

Most research into human information seeking has focused on information 

seeking for work, research, or school purposes (3). However, a notable part of the 

human effort expended when seeking information is for non-work-related, non-

research-related, or non-school-related purposes, i.e. everyday life information 

seeking tasks discussed in the previous section. Examples of such information 

behaviors include turning the radio on in the morning to hear the weather forecast, 

browsing newspaper headlines while eating breakfast, or searching for fitness tips 

on the Internet. Further, studies have shown that with everyday life information 

needs, people are likely to first turn to human information sources: for instance, 

Julien and Michels (56) found that their adult study participants first turned to 

human information sources in 57% of their information seeking cases, to print 

sources in 17% of cases, and to digital sources in 9% of cases. Five years later, 

due to mobile devices and Internet access becoming more ubiquitous, Agosto and 

Hughes-Hassell (3) found that their study subjects (urban teenagers) were much 

more likely to turn to digital information sources than printed sources, but human 

information sources were still their first choice for ELIS needs. Today, due to the 

massive popularity of social networking services such as Facebook and Twitter, 

the line between human information sources and digital information sources has 

become quite blurred. As people are continuously connected to their networks of 

dislocated friends and family through these services, they can easily utilize the 

collective knowledge of their networks of social contacts to pose questions and 

gain information regardless of time of location. 
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Conversely, ínformation needs in urban environments have seen rather few 

comprehensive research initiatives. One example is Warner et al.  (117) who 

presented a model identifying four distinct elements in urban information systems: 

individual citizens, their information needs, the information sources available to 

them, and the possible solutions to their problems, solved through information 

seeking. They also identify five separate lines of access to information, with the 

individual as the locus:  

1. Societal accessibility: information must be available to the individual through 

his/her social system  

2. Institutional accessibility: information institutes must be capable and willing 

to provide the needed information to the individual  

3. Physical access to information: the individual must be physically able to 

access the information sources which have the information (s)he needs 

4. Psychological access to information: the individual must be psychologically 

willing to see his/her needs as information needs and to take steps to fulfill 

those needs 

5. Intellectual accessibility: the individual must possess the training and ability 

to acquire and process the information (s)he needs. 

It has been pointed out, however, that despite the massive amounts of information 

available, people still have trouble locating the relevant sources for the 

information in their everyday lives (2). Further, urban teenagers have been found 

to view traditional sources of information, namely libraries, as ‘uncool’ and 

uninviting (3, 127), and therefore, new ways of finding relevant information have 

to be developed. The new information sources should be readily available in their 

context of use. UBI-hotspots and related services aim to partially fulfill this gap. 

As highly visible information artifacts in public urban spaces, the hotspots 

support the seeking of everyday life information items and, due to their highly 

public context of use, are available for information discovery whenever 

information needs arise. 

2.4 Interactive public displays 

The recent fall in display costs, coupled with the widespread availability of high 

speed networking, has led to a sharp increase in the number of deployments of 

digital public displays and subsequent increased interest in the field from both the 

academic and commercial research communities. I will next provide a brief 
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summary of public display research. A more detailed discussion on selected topics 

regarding e.g. interaction with public displays can be found in the original articles. 

For an in-depth literature review of public display research please see (69). 

Interactive public displays are a much researched topic in the ubiquitous 

computing community and as digital displays become increasingly pervasive, 

they become relevant in many areas, including advertising, art, sociology, 

engineering, computer science, interaction design, and entertainment. While large 

public displays have been utilized in one-way broadcasting of advertisement for a 

long time now, increasing efforts have been expended to create interactive 

displays for various settings. Indeed, public displays were already an integral part 

of Weiser’s original vision of ubiquitous computing (120). He outlined how 

displays of different sizes could be embedded into the work environment to assist 

users with different tasks. Besides portable inch-size and foot-size displays for 

personal use (“tabs“ and “pads”), Weiser described the use of large-scale wall-

mounted displays (“boards”/“liveboards”) as both collaborative electronic 

whiteboards and situated community bulletin boards and blackboards, i.e. as 

situated public or semi-public displays. 

During the latter half of 1990’s, the focus of public display research was on 

display systems that delivered information in a situated, peripheral fashion. An 

example of a research prototype from that era includes the FLUMP system (37), 

aimed to provide personalized information such as current time, upcoming 

appointments, or the number of unread mail messages to passers-by. Other 

examples include various ambient display prototypes such as “Office Plant #1” 

(16), a mechanical sculpture that could be used to visualize incoming email 

messages; the “Information Percolator”  (46) which used air bubbles rising from 

the bottom of vertical water filled tubes to create images and convey information 

such as upcoming appointments; and “Dynamic Photos” (39), a picture frame that 

provided information about the availability of other, possible geographically 

distant people.  

The turn of the millennium saw a noticeable drop in the cost of flat-screen 

panels. This development allowed public display researchers to move away from 

big and bulky CRT-monitors in favor of flat screens, which in turn made installing 

displays to various public locations much more feasible. This increase in 

deployability was certainly a major contributing factor to the growing number of 

public display research prototypes. Some researchers focused on door display 

systems (e.g. (23, 73, 77)), while others worked on prototypes for raising 

awareness and encouraging social interactions, including prototypes such as 
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“Ticket2Talk” (72), “Opinionizer” (18), the “Notification Collage” (41), and the 

“Plasma Poster” network (26). Further, researchers also investigated public 

display systems that acted as interactive kiosks for information access or as 

shared work surfaces, but that also had the ability to display information 

peripherally if they were not interacted with. Examples of such prototypes include 

the “BlueBoard” (99), “IM Here” (51), and “Dynamo” (55). 

The latter half of the first decade of the new millennium was characterized by 

the increasing proliferation of mobile phones, which in turn encouraged 

researchers to begin using mobile phones as interaction devices. For example, 

solutions were developed that allowed users to actively and explicitly use mobile 

phones to influence content on public displays, or for more implicit forms of 

interaction. For example, it was now possible to detect and identify users in the 

vicinity of displays by scanning for their Bluetooth enabled mobile phones, and 

also to enable interaction through Bluetooth (see for example (29)). Other 

prototypes utilized the camera found in mobile phones to control objects on 

public displays by analyzing the optical flows in the input captured via the phones’ 

cameras (e.g. (7)), or used the mobile phone to complement public display 

applications as private input/output devices (e.g. (15)). Cheverst et al.  (24) 

studied the user acceptance of Bluetooth-based interaction with public displays 

using mobile phones. Their prototype allowed users to send and download photos 

to/from a public display over a Bluetooth connection, and also to browse the sent 

photos using the touchscreen interface of the display. Similarly, Mitchell et al.  

(74) utilized mobile phones to download content from public displays to mobile 

devices by using elements augmented with visual codes on the display. Public 

displays were also used to support navigation (e.g. (64, 98, 111)), for 

entertainment purposes (e.g.  (65, 79, 93, 102) and, again, for raising awareness 

and encouraging social interaction (e.g. (10, 48)).  

2.5 Summary of related work 

The work done in this dissertation builds on the interrelated fields of ubiquitous 

computing, urban computing, and human information behaviour research. As 

discussed before, the vision of ubiquitous computing has shifted away from 

Weiser’s original vision of proactive environments where computers observe 

human behaviour and attempt to provide services based on assumptions about 

current needs, and moved towards reactive environments where computers sit 

passively in the background, waiting for humans to initiate interaction. This holds 
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true for the deployments discussed in this thesis. The UBI-hotspots, as highly 

public computing artefacts, do not attempt to infer human needs by observing 

behaviour, but rather await users to walk up and start using the provided services. 

We have adopted the term ‘heavyweight urban probes’ to describe our 

hotspots and to distinguish our work from the original concept of ‘urban probes’ 

introduced by Paulos (88). While these two concepts have much in common – 

both aim to elicit responses from the general public and gain new information 

about urban life by deploying visible constructs into the public urban space – we 

stress the importance of longitudinal observation of usage, instead of focusing on 

immediate reactions sought by the urban probes methodology. 

Human information behaviour research provides a solid starting point for 

designing services for public displays in urban environments. Understanding 

urban information needs from the point-of-view of everyday life information 

seeking (101), information encountering (34), and information foraging (91, 92) 

may help designers of such services to better take into consideration the varying 

information needs people have, and the serendipitous ways in which information 

is encountered, sought, and found in public urban environments. Key 

consideration here is to remember that in these contexts information seeking is 

often not a goal-oriented, purposeful activity (as is the case with more formal 

information repositories such as public libraries), but rather a secondary, even 

unconscious activity – people scan their immediate environments for information 

items related to their primary goals such as finding a restaurant to dine in, but 

encountered information may also cause the person to adopt a new primary goal. 

As highly visible artefacts in public urban space, the UBI-hotspots support 

serendipitous encountering of everyday life information and offer useful 

information either for immediate on-screen consumption, or for information pick-

up using the BlueInfo service. Further, due to their high visibility, the hotspots 

have a strong information scent meaning that people easily associate them with 

information items to fulfil their current information needs, and thus proceed to 

forage the hotspots for information. Another important consideration here is to 

provide immediate usability, meaning that people with varying levels of technical 

expertise should be able to use the hotspots for information discovery by simply 

walking up to them. For this reason we have elected to not require users to 

complete a sign-up/log-in process to access services. While this design choice 

limits data analysis as it effectively prevents us from knowing how individual 

users behave, our goal from the very beginning has been to offer the hotspots as 

an open resource for the entire community, as discussed next. 
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3 Research methodology 

“Once again we are witnessing the beginning of a new movement: This time 

it is ‘in the wild’. Researchers are decamping from their usability labs and 

moving into the wild – carrying out in situ user studies, sampling experiences, 

and probing people in their homes and on the streets” 

- Yvonne Rogers 

With the recent proliferation of new types of ubiquitous computing infrastructure 

and services into our shared public spaces, research efforts in the field are finally 

starting to emerge from the usability labs and other controlled environments into 

the real world. With this transition, the methods used for evaluating systems “in 

the wild” or, indeed, the whole role of such evaluations, have become something 

of a hot topic in the ubiquitous computing research community in the past few 

years. Because of their very nature, ubiquitous computing systems are intimately 

tied to their environments of use, and to the people within those environments. 

Therefore it is crucial that these systems respect, detect, and respond to the 

interaction between the person and the natural setting (54). Traditional evaluation 

methodologies and “unrealistic” lab studies, usually conducted over a period of a 

few hours, fail to incorporate both the impact of the real-world environment and 

the impact of time on the behavior of users. 

A vast majority of studies dealing with interactive displays, for instance, 

focus on either building novel interaction techniques for such displays, or 

evaluating a single service in a specific context – usually either in a laboratory 

with a very limited set of test users, or in a setting that mimics public spaces in a 

small scale, i.e. a university campus, an office building, etc. – and then making 

claims about how the system will generalize to highly public settings. The 

problem with these types of studies is that even when a prototype is made freely 

available to the people in these tightly limited spaces, the user population is often 

highly homogeneous – university students, office workers, and so on. What these 

studies often miss is the diversity of people in an actual public setting. By their 

very nature, public urban spaces encompass the whole spectrum of human 

characteristics – elderly people, children, adults – all with differing levels of 

technical expertise, motivation, purpose of being in the public space in the first 

place, information needs, etc. Similarly, these studies are often conducted in 

indoor locations. While there is, of course, nothing wrong with this, these indoor 

experiments often fail to incorporate the effects of factors such as time of 
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day/night, day of week, time of year, weather, etc., all of which arguably play 

significant roles in the usage of a given system. 

The work done in this dissertation, and the UBI program in general, relies 

heavily on real-world testing of various prototypes. This means that after a 

prototype has been developed, and in some cases evaluated first in a laboratory 

setting with limited number of users, the final prototype is moved out into the real 

world for longitudinal user testing in a realistic environment. I will first 

summarize the on-going debate of lab vs. field studies in the ubicomp community 

in the past years, and then move on to discuss the concept of the "invisible 

researcher in the wild”. This concept is well known in the social sciences and 

(unobtrusive) observations of technology use have also been utilized in the field 

of ubiquitous computing. However, ubicomp literature often lacks discussion on 

the effect an observer may have on study participants. These effects, along with 

our own brand of unobtrusive observation (termed the “invisible researcher in-

the-wild”) are discussed in Section 3.2.  

3.1 Ubiquitous computing and real-world testing 

“Ubicomp applications are inherently difficult to evaluate due to their 

context of use. Traditional evaluation methods and metrics, designed for 

controlled laboratory settings, fail to capture the complexities and richness of 

the real world in which the applications are placed” 

- Yvonne Rogers 

While the community, by and large, seems to agree that application led research 

and real-world deployments are necessary in order to advance the field and break 

the cycle of focusing on trivial problems and (often) poorly engineered proof-of-

concept demonstrators simply because these are fast to build and easy to report in 

conferences (106), the number of publications with real-world deployments still 

remain very modest in the top ubicomp conferences. 

Despite most ubiquitous computing evaluations still being carried out in 

controlled settings, several researchers have begun voicing opinions in favor of 

(or, sometimes, against) more realistic evaluations. Kjeldskov et al. published a 

paper titled “Is it Worth the Hassle? Exploring the Added Value of Evaluating the 

Usability of Context-Aware Mobile Systems in the Field” (61). In the paper, the 

authors question the value of field evaluations in mobile HCI research, and 

conduct two usability evaluations – one in a lab setting, and one in the field – to 
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evaluate the added value of field testing. Not surprisingly, they found that doing 

purebred usability testing in the field does not offer dramatic benefits over the lab 

environment. Indeed, framing the whole process of field testing as a ‘hassle’ goes 

to show that the authors did not see value in moving the evaluation to a more 

realistic setting. Similarly, Whittaker et al. (122) argued that we should focus on 

constrained reference tasks and that field trials should be mainly used to “modify 

existing task definitions for future evaluations”. 

Rogers et al. responded to this critique in their article “Why It’s Worth the 

Hassle: The Value of In-Situ Studies When Designing Ubicomp” (97), and 

showed that in-situ evaluation of a mobile application did indeed lead to a better 

outcome in the form of a re-designed version of the application. Their initial 

application had been evaluated in a controlled setting by a group of domain 

experts who did not find any usability flaws, yet in-situ testing on the field with 

actual users proved that the application was lacking in several aspects.  

Intille et al. (54) published one of the first studies to explicitly promote real 

world evaluation of ubicomp systems. They argued that due to their very nature, 

ubicomp systems are intimately tied to their environments of use and to the 

people within those environments. Therefore it is crucial that these systems 

respect, detect, and respond to the interaction between the person and the natural 

setting. This in turn presents a challenge for evaluation:  

“Once applications are created, how can they be evaluated in situ and over 

long stretches of time?[…] Longitudinal study of interface use in natural 

settings is particularly challenging. Today, many ubicomp interfaces are 

proposed that would run for months or years at a time when deployed. Yet 

these systems are typically only tested for hours at a time in labs. Both the 

impact of the environment and the impact of time on the behavior of the users 

of these applications must be considered.” 

The first major push towards more realistic testing of ubiquitous computing 

systems was probably introduced in the 2005 UbiApp workshop, held in 

conjunction with Pervasive 2005 (106). There, 25 researchers gathered together to 

discuss the current state of application-led research in ubiquitous computing, and 

to identify and address reasons to the lack of coherent progress in real-world 

ubicomp deployments. A general consensus among the participants was that the 

research community tends to value novelty over good engineering practices, 

which in turn leads to ‘re-inventing the wheel’ in tiny increments. This attitude 

does not encourage researchers to engage in time- and resource intensive projects 
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to build modular, maintainable systems or infrastructure, but rather favors small 

proof-of-concept demonstrators that have no lifespan beyond possibly a few 

publications. The attendees agreed that the community must focus on ensuring 

that researchers are appropriately rewarded for their implementation work. Thus, 

one of the recommendations made by the workshop attendees was as follows: 

“Evaluate applications in realistic environments. Real-world deployment is 

the only way to investigate fully the complex three-way interactions between 

ubiquitous computing applications, their users, and the environment. Such 

evaluations are costly and have substantial implications for organization of 

the research. There’s a need to explain this to researchers, funding sources, 

and the wider community.” 

A widespread trend in conducting ubiquitous computing research is to do 

usability evaluations. System performance is characterized with usability 

attributes (e.g. task execution times, error rate, number of clicks, subjective 

preference) measured over a limited number of recruited test subjects instructed 

to use the system for a limited amount of time. In their paper, Greenberg and 

Buxton (40) questioned the widespread use of usability evaluation and promote 

real world evaluations:  

“If all we do is usability evaluation, we will have a modest impact by making 

existing things better [...] The real world is complex and ever-changing: it is 

likely that ‘big effects’ are much more appropriate for study than small ones. 

Yet these ‘big effects’ are often much more difficult to evaluate with our 

classic usability evaluation methods. […] Do usability evaluations of toy 

ubicomp deployments really test much of interest? […] Since ubicomp 

systems are culturally situated, lack of evaluation in a real-world setting 

raises serious questions about the evaluations that ignore real world context.” 

Bardram and Friday (8) discussed the various aspects of actually deploying 

ubicomp systems and how the initial research objectives may become 

compromised by various uncontrollable factors found in the real world setting. 

Paay et al.  (86) reflected on the importance of understanding the physical space, 

in which new pervasive computing systems are deployed, on three separate levels: 

physical, social and digital. They argued:  

“…if the factors presented [in the article] are not taken into consideration in 

the design of such systems, there is a risk of ending up with designs that, at 
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best, do not fit well with their physical and social context of use. Worse, they 

may simply not get used because they get in the way of people going about 

their business. They could even impact people negatively by, for example, not 

giving them necessary information about the socio-physical character of a 

particular place of interest.”  

This argument further illustrates the absolute importance of (i) understanding the 

physical spaces in which real-world systems are to be deployed, and (ii) 

conducting experiments in their real context of use instead of artificial spaces that 

are merely built to convey the idea of a real location. 

The collective frustration about the lack of recognition of real world system 

studies has been vented in a blog discussion initiated by James Landay (66):  

“The reviewers simply do not value the difficulty of building real systems and 

how hard controlled studies are to run on real systems for real tasks. This is 

in contrast with how easy it is to build new interaction techniques and then to 

run tight, controlled studies on these new techniques with small, artificial 

tasks […] This attitude is a joke and it offers researchers no incentive to do 

systems work. […] I think we have been blinded by the perception that "true 

scientific" research is only found in controlled experiments and nice 

statistics.” 

The issue of controlled studies vs. in-the-wild deployments is not as black and 

white, however, and we are not claiming that conducting research in-the-wild 

would be a silver bullet to solve all problems regarding ubiquitous computing 

applications. Rather, in-the-wild testing should be seen as a culmination point of a 

testing cycle encompassing various studies in different settings and with different 

levels of control starting from usability experiments in a laboratory setting, and 

gradually moving towards less controlled environments. While conducting such 

extensive testing is time- and resource consuming, we argue that such 

comprehensive testing will lead to deeper insights about the prototype in question 

than picking any single type of testing and making assumptions about other types 

of environments based on that one test. 

3.2 Invisible researcher "in-the-wild" 

The invisible (or unobtrusive/inconspicuous) researcher concept is well known in 

the social sciences, especially in cultural anthropology and other fields that 
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regularly utilize ethnographic observation methods in data gathering. The 

term ”unobtrusive” was coined to emphasize the fact that not all (social) research 

needs to involve ”respondents” or ”subjects” (58). Kellehear (58) argues that the 

rise and popularity of the interview and questionnaire in the social sciences have 

led many to overlook the contribution of unobtrusive research to the general 

understanding of human experience. There are several well-known sources 

detailing unobtrusive research methods. For example, see (59, 105, 118, 119). 

The unobtrusive research methods have emerged in response to the criticism 

that in ethnographic research, the so-called ‘observer effect’ (also referred to as 

the ‘researcher effect’, ‘reactivity’, or the ‘Hawthorne effect’) may bias and 

possibly invalidate research findings (67, 108), leading to the assertion that the 

presence of a researcher will influence the behavior of those being studied, 

making it impossible for ethnographers to ever really document social phenomena 

in any accurate or objective way (126). Monahan and Fisher (75) define the 

observer effect as ”...the recognition that researchers are interacting with the 

system, usually through the instruments of measurement, and changing the 

phenomena being studied”. Drawing an example from particle physics, Monahan 

and Fisher compare the observer effect to Heisenberg’s uncertainty principle, 

where the researcher may either measure the momentum of a particle, or its 

position, but both variables cannot be measured at the same time. Thus, observer 

effects are generally seen as ‘bad’ because they indicate a ‘contamination’ of the 

supposedly pure social environment being studied (53). Of course, there are also 

opinions that suggest embracing the observer effect rather than trying to work 

around it (see for example (43, 75)). 

The implication here is that individuals will perform in a different way (i.e. 

more ethically, more conscientiously, more efficiently...) when being observed 

(75). This behavior is known as ‘demand characteristics’ in psychology literature 

(94), and refers to the users “shaping or enhancing their behavior in a trial in 

response to the imagined desires of the investigators” (19). For instance Brown et 

al. (19), in their study of such demand characteristics, found that much of their 

participants’ motivation to use the given system seemed to stem from a sense of 

obligation to the researchers, rather than their relationship to the system per se, 

and that participants were eager to emphasize in interviews when they had been a 

‘good participant’.  

Researchers have also found that participants tend to ‘stage’ performances for 

the benefit of the observer. For instance, Bosk (17), in his study in a US medical 

setting, concludes that if performances are staged or scripted in response to the 
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presence of an ethnographer, the data are suspect and should probably be 

discarded. These factors have led to the concept of ‘adequate ethnography’, where 

the researcher must demonstrate that the data were not biased (or generated) by 

the presence of the researcher, or by the use of a particular research technique 

(43). Stoddart (112) calls this the ‘problem of presence’ and ‘methodogenesis’, 

and proceeds to summarize the rules of unobtrusive ethnographic data gathering 

as follows: ”The good ethnographer regards his or her own presence in a domain 

as potentially tainting of its natural state... The good ethnographer is attentive to 

the possibility that techniques of data gathering may create the data gathered”. 

As the reviewed literature suggests, the observer effect is well known and 

documented in social sciences. However, the ubicomp community has yet to truly 

embrace this effect. Most research papers simply ignore the bias introduced by a 

researcher overseeing the testing situation of a new prototype, assuming 

that ”good enough” data will be collected through questionnaires and follow-up 

interviews. We argue that this is hardly the case, and that user tests ignoring the 

observer effect can, in most extreme cases, be fatally flawed. This argument is 

mostly targeted at user acceptance and user experience testing of systems, 

however, and we in no way try to undermine the importance of early usability 

trials that measure certain specific attributes in the system’s usability and 

performance, for instance. 

The UBI program has taken a strong stand in favor of real-world testing. Of 

course, most services and applications developed during the project have 

undergone some form of iterative design and development, from small-scale 

laboratory testing to controlled user studies in authentic settings, but the main 

goal is to always be able to expose the created applications and services to the 

general public for longitudinal real-world testing. In order to better brand our 

work, we have adopted the term “invisible researcher in-the-wild” to describe our 

way of conducting unobtrusive research in public urban settings. The case studies 

explored in this thesis also lean on this methodology: for instance, although the 

BlueInfo service began as a prototype tested in a usability laboratory, it soon 

evolved to a more mature construct that could be tested on university campus and, 

further, be deployed in the city center.  

Of course, the first problem to address when talking about real-world 

deployments and/or evaluations is to define what constitutes such a deployment. 

In this dissertation I will focus on public urban deployments, meaning 

deployments that are placed in highly public locations and made available to a 

heterogeneous user population over a longitudinal period of time. Hence, the 
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definitions given below do not apply to real-world testing of more specific 

application domain areas such as school or hospital systems (such as (9)). 

Here, I use the following definitions for public urban deployments: 

1. The system is deployed in a public space that is accessible by the general 

public (i.e. access to the space is not controlled by the researchers – thus, a 

system deployed in a lab does not constitute a real-world deployment, but a 

system deployed in the lobby of an office building does).  

2. The system is deployed for a sufficient period of time to allow a culture to 

form around it. By this requirement we aim to elicit studies that allow users 

to gauge the value of the system after using it several times, and also to 

reduce the effect of novelty. I fully acknowledge that this point is rather 

elusive, as there are no generally accepted metrics for evaluating such issues. 

3. The system is accessible to a heterogeneous group of people who have not 

been recruited as test users by the researchers, i.e. the motivation to use the 

system has to come from the user without him/her necessarily being aware of 

participating in an experiment. 

With these considerations, a ‘public urban deployment’ is effectively defined as a 

computing system, service or application that is deployed in a public space and 

left to survive on its own for a period of time. This does not mean that researchers 

could not be present to gather data – methods such as unobtrusive observation, 

post-usage questionnaires, etc., are naturally perfectly valid – but researchers 

should not attempt to directly affect potential users by ‘recruiting’ them as test 

users or promising external rewards for using the system. However, advertising is 

acceptable when used to raise awareness of the deployed system. For example, 

posters directing people to visit a website to download a mobile application are 

not considered ‘recruitment’. Further, such evaluations should not contain pre-

defined tasks that require the researchers to take an active role in guiding the 

users – the researcher should effectively become invisible in order to affect the 

users’ behavior as little as possible. 

Also, the following distinction between field trials and real-world 

deployments should be made: field trials take place in the real context of use for a 

period of time, and have a known set of users who are instructed to adopt the 

system for the duration of the trial (19); in real-world deployments the user group 

is unknown and uncontrolled, thus potentially encompassing every person to visit 

the space during the experiment, and these people are not actively briefed by the 

researchers. To take an example, the UbiFit evaluation presented in (28) is a field 
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trial, whereas the CityWall deployment presented in (90) is an example of a real-

world deployment. 
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4 Case studies 

Research presented in this dissertation has progressed through several iterative 

prototypes. Figure 1 shows the case studies and the related prototypes included in 

this dissertation. All prototypes deal with information retrieval in one form or 

another. The BlueInfo system retrieves information to a mobile device serving as 

a private UI. The UBI-hotspots present information on an interactive public 

display (public UI). Their combination constitutes a distributed (hybrid) UI, 

where a mobile device serves as the private UI and the public display of the UBI-

hotspot serves as the public UI. Some of the prototypes and evaluations were 

conducted jointly, i.e. D1 was deployed as part of the mobile service offering 

evaluated in P1. Similarly, D2 was deployed as part of P2. 

Fig. 1. Prototypes and their evaluations. 
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4.1 BlueInfo: mobile phone as private UI 

BlueInfo is a service that allows users to download various information items to 

their mobile device through a no-cost Bluetooth connection. The motivation 

behind BlueInfo is to allow users to access information services without requiring 

extensive navigation on their mobile terminal, i.e. using the mobile web. In 2008–

2009, when the first version of BlueInfo was developed, smartphones suitable for 

extended online access were still somewhat rare, and most websites were not 

optimized for mobile browsers, and mobile browsers were not designed to handle 

"regular" websites very well. Thus, BlueInfo was designed to make online 

information retrieval and browsing easier. Further, during that time flat-rate data 

plans were also rare, and people associated mobile web browsing with significant 

costs, especially when roaming. We hoped to alleviate these concerns by 

providing a service that would clearly use a no-cost connection, i.e. Bluetooth, in 

a transparent and obvious fashion. 

In our original vision, the urban space would be populated with BlueInfo 

access points, and people would be informed when in range of an access point by 

informative posters that would also describe all the available services that certain 

space. Figure 2 shows a conceptual design of a bus stop with a BlueInfo access 

point and informative poster. 

Fig. 2. Conceptual image of a bus stop augmented with a BlueInfo access point. 
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Both the underlying BlueInfo architecture and the user interface have undergone 

iterative design cycles, with the service evolving according to findings from 

testing in various contexts. The various prototypes and user tests of BlueInfo are 

described next. 

4.1.1 Prototype M1: BlueInfo Pull 

The first iteration of the BlueInfo user interface, discussed in detail in article I, 

required users to use their mobile phones to send text-based commands to a 

BlueInfo access point to initialize content transfer. For instance, when requesting 

news content from the main local newspaper Kaleva, the required command and 

parameter would be 'news kaleva', where 'news' is the command and 

'kaleva' the parameter for content source. The access points are connected to 

the Internet either through wireless or wired connection, and are thus able to fetch 

the required content from the origin servers dynamically in real-time. The last leg 

of transfer is always done through Bluetooth, thus eliminating the need for any 

IP-connectivity from the client device. Available content can be anything from 

HTML pages to images, audio, video, or even application installation packages, 

basically anything the phone is capable of natively opening. The transferred 

content appears in the SMS inbox of the phone, and is therefore available for 

access at any time without requiring another request to be made (unless, of course, 

the user wishes to update the content – this would be the case with, for instance, 

news items). 

The testing of BlueInfo pull was realized as a comparative task-based 

evaluation with 34 test users. A majority of test users were university students or 

staff from varying faculties and levels of technical expertise. The trial consisted 

of five separate tasks, and users were first asked to complete the tasks using a 

mobile phone browser with a WiFi connection, and secondly to complete the 

same tasks using BlueInfo. The users were provided with a Nokia N78 smart 

phone, or given the possibility to use their own mobile phone for the mobile 

browser condition.  

Results from testing show that BlueInfo succeeded in reducing both the 

number of clicks required to complete the task, and task execution time, 

sometimes dramatically: for instance, the average number of clicks required to 

complete task T5 was 203 in the browser condition, and 64 in BlueInfo condition 

– an improvement of 68%. Similarly, the average time to complete task T2 was 
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207 seconds in the browser condition, and 127 seconds in the BlueInfo condition, 

an improvement of 39%. 

In the post-testing interviews, users expressed satisfaction with the overall 

usability of BlueInfo Pull. The only issue that was repeatedly brought up was 

with the initial hassle of having to memorize several keywords and parameters, as 

well as the unfamiliar method of using a mobile notepad application to send 

commands over Bluetooth. The full statistics and data analysis for the BlueInfo 

Pull study are presented in article I.  

4.1.2 Prototype M2: BlueInfo Push 

Results from the laboratory testing of BlueInfo Pull showed that while users were 

quite happy with the system and that it improved all efficiency attributes, quite 

dramatically at times, users were concerned with the initial high cognitive load 

imposed by the requirement to remember several keywords and parameters. Also, 

the unfamiliar method of using a notepad application to send textual commands 

over Bluetooth was perceived as a negative factor.  

These issues were addressed in the design of the next iteration of BlueInfo 

that pushed content to users, instead of having them explicitly pulling content as 

in the first iteration. We designed a dedicated website where people could sign up 

to receive BlueInfo Push content items, and were able to select which content 

they would receive when passing a BlueInfo access point. BlueInfo Push was 

evaluated by a field trial on our campus, where an open test where users were 

recruited through advertisement posters spread around campus, and also through 

student email lists. The trial lasted for one month, and 33 participants signed up to 

use the system. Data was collected by logging all interactions with the system, 

and follow-up interviews were conducted with all participants. 

Results from the evaluation indicated that users were not completely satisfied 

with the system. The main reasons for discontent were the need to log on to a 

website in order to change the preferences regarding which content would be 

pushed to them and the invisibility of BlueInfo access points in the environment. 

Users complained that since they could not see the access point, they could not be 

sure if they were within range to receive the message. Also, a technical feature of 

most mobile phones requires users to confirm Bluetooth data transfers unless the 

two devices are 'paired'. The confirmation prompt is very easy to miss if the 

mobile device is carried in a pocket or bag, as the prompt does not alert the user 

with an audio or tactile notification. On the other hand, users were mostly happy 
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with the information content provided through the service. In follow-up 

interviews, users were especially happy with the fact that the daily messages 

remain in the phone's inbox, and are thus available for viewing at any time. 

The tendency of users to go to a certain location to get their daily message 

highlights an important aspect of the system, namely the re-appropriation of the 

"push" paradigm. As the access points were (too) invisible in the environment for 

users to be sure when and if they are within range to receive a message, they 

would rather always go to a certain location where they knew they would get a 

message, and thus ignore the other access points in favour of one or two locations. 

With this emergent behaviour, "push"-based interaction starts to actually take on 

characteristics of a "pull"-based model, where users explicitly go to a location to 

receive a message. An important lesson here is that while the basic ideology of 

ubiquitous computing calls for computers to invisibly blend into the environment, 

users do need visual cues to better understand and navigate a smart space 

augmented with new technology. Results from the BlueInfo Push evaluation are 

discussed in more detail in article IV. 

4.1.3 Prototype M3: BlueInfo Proximity 

To address the visibility issues found in the BlueInfo Push trial, we designed 

BlueInfo Proximity to utilize a highly visible artefact placed in the environment. 

We built an "Easter egg" (Figure 3) out of paper maché and chicken net wrapped 

in colourful paper, and placed it near a busy cafeteria on campus. The purpose of 

this study was to evaluate recognizable and fun physical user interfaces for 

enabling users to request content via proximity-based interaction. To do so, users 

had to place their mobile device very close to the egg, which used received signal 

strength indicator (RSSI) to detect such events. When signal strength exceeded a 

predetermined threshold, an image wishing "Happy Easter" was sent to the phone. 

Participants from this study were recruited by the sheer presence of the egg itself, 

as well as leaflets distributed in the cafeteria. 

We also constructed and deployed another BlueInfo Proximity probe for a 

student party on campus. This probe was a dummy build to resemble a student 

(Figure 3), and users could interact with the probe by placing their phone in the 

dummy's pocket. The experiment was cut short, however, as the dummy was 

taken to sauna by some students during the first night of the trial, and was not 

seen since.  
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Data from these trials was collected by conducting on-site observations and 

free-form interviews, and also by logging every interaction with the system. The 

main issue with BlueInfo Proximity was that only a single content item could be 

made available at a time. Similarly to BlueInfo Push, users expressed desire to be 

able to dynamically select content that would be delivered to their device. 

Fig. 3. "Easter Egg" probe (left); "Student Dummy" probe (right) (reprinted with kind 

permission from Springer Science and Business Media). 

The two BlueInfo Proximity prototypes, namely the "Easter egg" probe and 

"Student dummy" probe, were designed to address both the visibility issue found 

with BlueInfo Push, and the requirement to remember complicated keywords with 

BlueInfo Pull. The probes were built to stand out in their environment, and to 

provide fast access to content. We also made the content intentionally simple, so 

that most modern mobile phones would be able to render it correctly. 

Our observation results indicate that such visible additions to a public space 

work well in enticing people to approach a new artefact. People approached the 

probe both alone and in groups, and we often observed playful behaviour where 

people would experiment with the probe, inching their phone closer and closer to 

see when a message would be sent. The downside to the BlueInfo Proximity 

probes is that only one piece of content can be made available at a time, leading 

to users having no control over what is transferred to their phone.  
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Fig. 4. Left: UBI-key in use; right: conceptual designs for UBI-keys. 

4.2 BlueInfo on UBI-hotspot: Distributed UI 

4.2.1 Prototype D1: BlueInfo on UBI-hotspot version 1.0 

The final version of BlueInfo was initially deployed on the UBI-hotspot version 

1.0 as part of the mobile service offering, as described in articles II and III. Due to 

requirements imposed by the hotspot system architecture (see (57), users were 

required to first collect a 'UBI-key', an RFID chip hidden inside a plastic casing 

shaped as a mobile phone accessory (see Figure 4).  

After collecting their UBI-key and registering as a test user, people were required 

to install a software suite that would enable the phone to communicate with a 

UBI-hotspot. The interaction sequence then required users to first launch the 

'UBI-mobile' application launcher, touch their UBI-key to the RFID-reader in a 

hotspot, select which application to launch, and finally begin interacting with the 

selected service.  

In hindsight, this interaction model was too complicated. However, on a 

system level, the leasing (pairing) procedure required to pair mobile devices and 

hotspots worked well, with an average latency of 700ms – 800ms in a controlled 

laboratory setting. In the real world, however, users had to deal with unreliable 

network connections, malfunctioning hardware, and other unexpected issues that 

made using the UBI-mobile client difficult. A detailed discussion and evaluation 

of the leasing procedure is presented in (57). 

Also, UBI-mobile and all applications were only available on Symbian S60 

platform. Of course, during this time (2009) other platforms such as iOS or 

Android were either very rare or non-existent, so Symbian was the only real 

alternative in smart phone platforms in Oulu. 
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4.2.2 Prototype D2: BlueInfo on UBI-hotspot version 2.0 

As longitudinal user testing showed, the UBI-mobile concept was very difficult 

for people to grasp. BlueInfo, however, proved to be a useful service, and despite 

the difficulties in launching it (or any other mobile service for that matter), 

BlueInfo was the most used mobile application. For this reason, we decided to 

remove the requirement for using UBI-mobile entirely, and added a slightly re-

designed BlueInfo service to be directly available on the hotspot in version 2.0.  

The interaction sequence of the final prototype is very simple. The user first 

selects which content items s/he would like to receive using the touchscreen user 

interface of hotspots (Figure 5). Secondly, the user selects his/her device from a 

list automatically populated by BlueInfo, and finally clicks the 'download' button. 

All selected content items are then transferred to the selected device. Article IV 

discusses this final prototype in depth. 

Fig. 5. BlueInfo user interface (bottom left quadrant). 

The goal of the longitudinal deployment was to again study the in-the-wild 

aspects of new types of ubiquitous information services. As the service was 

deployed for a long period of time and left to survive on its own without 

researchers directly intervening in any way, we hoped to get data on how people 

adopt such services on their own, and see if they find enough value in the service 

to become active users. Further, as BlueInfo was offered as a part of a large set of 
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various applications, it was interesting to see if people would find and use this 

particular service, even though it is among the more technically challenging 

applications in the hotspots. As the high number of users and downloads suggest, 

BlueInfo did indeed attract the attention of people, and people did find enough 

value in the service to become active users. However, as with many real-world 

deployments, the amount of curiosity usage was rather high. The users who did 

use BlueInfo repeatedly became very active in downloading information content 

from the service, though, showing they had adopted the service as part of their 

everyday information seeking behavior.  

4.3 UBI-hotspot: Public display as public UI 

The most visible outcome of the UBI-program is the network of large, interactive 

public displays in downtown Oulu. These displays, called UBI-hotspots, are a 

visible and lasting addition to the cityscape, and a concrete example of new 

ubiquitous computing infrastructure in public urban spaces. The hotspots consist 

of several co-located resources, including a high-end control PC, an RFID reader, 

web cameras, and access points for WiFi, Bluetooth, and wireless sensor 

networks. Because the displays create a wireless service around them, we chose 

to call them ‘UBI-hotspots’ instead of, say, UBI-displays. Figure 6 shows an 

outdoor hotspot installed at downtown Oulu and the internal components of an 

indoor hotspot. 

The hotspots enable in-situ urban computing research with real users and 

with sufficient scale and time span. The hotspots are effectively versatile 

computing platforms, which facilitate provisioning of a diverse range of services 

to the general public in authentic urban setting. By deploying a number of 

hotspots for a sufficiently long time we wish to establish the technical and 

cultural readiness and the critical mass of users needed for determining whether 

this kind of computing infrastructure and services would be an useful addition to 

the urban landscape or not. So far we have released three versions of the UBI-

hotspot software, including middleware and services. 
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Fig. 6. Outdoor hotspot at downtown Oulu (left); Components of an indoor hotspot 

(right). 

We have designed the UBI-hotspots to be visibly available in public urban spaces 

where other sources for information have recently become obsolete. The two case 

studies presented in this dissertation aim at understanding how these new 

ubiquitous computing artifacts and related services are utilized as information 

sources by the general public. Of course, due to various constraints such as not 

being able to identify individual users, understanding how various groups of 

people utilize the new information artifacts becomes a difficult (if not impossible) 

task. Thus, in the studies presented in this thesis, I will aim at understanding how 

people in general utilize the various information services provided through UBI-

hotspots to seek information. 

Various aspects of UBI-hotspots are discussed extensively in several articles. 

In addition to the articles in this dissertation, see (44, 45, 49, 50, 57, 68, 80, 81, 

83, 84) for more in-depth information.  

4.3.1 Early design and identification of information needs 

From the point of view of this dissertation, the main focus of data collection on 

UBI-hotspots is the identification and support of everyday information seeking 
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tasks through new ubiquitous computing technology and services. The work has 

progressed through several separate phases, beginning from the very early 

planning and design of the initial service selection that would be available 

through the hotspots, and progressing through a longitudinal deployment where 

empirical evidence of actual usage of these services was collected. 

We began mapping the potential information needs of people by conducting 

an early field study around downtown Oulu during fall 2008. The field study, 

which lasted for two days, took place at four central locations that were initially 

planned as potential sites for UBI-hotspots. The study included observation, 

interviews, and a mock-up study with lo-fi devices manufactured to convey the 

idea of a large public display. In effect, these devices were built by rigging a 

whiteboard on a stand with a wheeled base, and people were asked to interact 

with the device by drawing their service ideas and suggestions on the board. This 

life-sized drawing technique was successful in enticing people to approach the 

researchers, and the familiar nature of a whiteboard helped overcome hesitation 

about interacting with the device. During the two-day trial, we conducted 74 free-

form interviews, most of which were videotaped for later reference. We also 

collected photographs and field notes to complement the data. After the field 

study, three researchers independently consolidated the received service 

suggestions into 13 candidate services. 

Following the initial field study, we conducted another study to determine 

which of the identified candidate services people found to be the most important 

previous to actually using them on the hotspots. This “card sorting” exercise was 

conducted with a different set of participants (n = 55), who were instructed to 

individually rank all the suggested 13 candidate services in order of preference, 

from the most useful to the least useful. Through the card sorting study, we hoped 

to gain insight into the types of services people see as valuable in an urban setting, 

a priori to actually using any services on the UBI-hotspots.  

Following these initial studies, prototypes of the identified services were built 

and iterated over the next several months, and finally most were deployed on the 

UBI-hotspots. Some services identified in the user study were not implemented 

due to external constraints, such as content for a particular service not being 

publicly available. Through data collected through various methods during the 

longitudinal deployment of hotspots and services, we hope to gain a better 

understanding of how users seek information in an augmented urban environment, 

to find emerging information seeking strategies, and to evaluate the types of 

services users perceive as useful in their everyday lives.  
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4.3.2 Prototype P1: UBI-hotspot version 1.0 

The first version of the UBI-hotspot software established the basic paradigm for 

interaction with hotspots that has remained more or less constant throughout the 

subsequent versions. The interaction model is adapted from Vogel’s framework of 

interaction phases with public displays (116), where interaction is divided into 

four distinct phases based on the user’s proximity and orientation with the display. 

Our interaction model (Figure 7) follows Vogel’s suggested interaction phases, 

with the exclusion of implicit interaction phase which would require the display 

to detect when a person is passing by the display, and begin showing peripheral 

notifications based on the person’s body position and orientation to measure that 

person’s “interruptibility”, i.e. somehow infer if the person is open to receiving 

information. This phase is very abstract and, in a busy public setting where 

dozens of people may be passing a display simultaneously, developing methods to 

measure the “interruptibility” of a single person becomes very difficult. 

Our interaction model is thus divided into three separate phases, namely 

broadcast, subtle, and interactive. In broadcast mode the display is effectively an 

ambient screen broadcasting both commercial and non-commercial information to 

passers-by. Once a person looks directly at a display as determined by the 

embedded cameras running face detection software, the hotspot switches to subtle 

interaction state, where the interactive affordances (i.e. the user interface) of the 

hotspot is made visible to the user in hopes that s/he becomes curious and touches 

the screen, thus entering interactive mode, where all of the hotspots’ services are 

made available. The hotspot reverts back to broadcast mode after a period of 

inactivity, i.e. no touches registered by the touchscreen interface and no faces 

detected by the cameras. In hotspot version 1.0, the interactive mode could also 

be triggered by presenting the UBI-key (RFID tag) to the embedded reader. 
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Fig. 7. The interaction model of the hotspots. 

In hotspot version 1.0, in interactive mode, the user interface is divided into three 

sections (Figure 8). The broadcast channel (UBI-channel) is always visible in the 

upper left quadrant of the screen. The lower left quadrant is dedicated to the 

mobile applications (UBI-mobile), and by default (i.e. when there are no active 

mobile leases) shows an animation instructing users on how to lease the display 

for mobile access. The entire right-hand side of the screen is reserved for 

interactive applications (UBI-portal). 

The service offering in hotspot version 1.0 consisted, on a high level, of a 

news service; map service with a limited service directory; multimedia services 

with photos and videos; fun and games; a help-function; and a questionnaire. 

Mobile service offering included the BlueInfo service; an application called 

PlaceMessaging which allowed people to post messages containing text and/or 

images to each hotspot’s discussion board; UbiAlbum, which allowed users to 

manage the photos/videos they had previously uploaded to the galleries on the 

hotspots; and UbiPoker, a multi-player game of Texas hold’em poker.  
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Fig. 8. A screenshot of hotspot version 1.0 in interactive mode. 

As a completely new artefact in the urban landscape of Oulu, the hotspots elicited 

a rather mixed response from the general public and local media. While the 

hotspots were rather heavily used during the 199-day data gathering period 

discussed in article II (877 interactive sessions per day on average on all hotspots, 

i.e. 49 daily sessions per panel), in interviews people expressed discontent with 

the service offering. The most used services were the traditional game of 

Hangman, and a service called UbiPostcard, which allowed people to take a photo 

of themselves in front of a hotspot and send it through email. The mobile services 

did not gather heavy usage, mostly due to the difficult process of having to 

register as test users, get the UBI-key, etc., and eventually only 80 people signed 

up. The hotspots were also plagued with hardware problems, ranging from broken 

touchscreens to malfunctioning RFID-readers, and other issues such as the 

internal loudspeakers falling off due to the summer heat melting the glue that held 

them in place. 

UBI-hotspot version 1.0 is discussed in detail in article II, and the mobile 

services in article III.  
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4.3.3 Prototype P2: UBI-hotspot version 2.0 

For version 2.0 of the hotspot software, we redesigned the user interface to better 

accommodate the growing number of services in the UBI-portal, and also to 

address the issues found with the inflexibility of always having a set number of 

content windows in the user interface. The new interface (Figure 9) design 

featured a menu-bar located at the bottom of the screen, and a ‘start’ button that 

pops up a menu of all available services. The underlying interface management 

component was updated to accommodate for applications that require a more 

flexible layout than the ½ screen in version 1.0 (44). The mobile application 

window was completely removed, and replaced with a quick-launch menu (UBI-

wizard) that provides a clear entry-point for users to access some of the services. 

Fig. 9. A screenshot of hotspot version 2.0 in interactive mode. 

As mentioned earlier, the mobile application window was removed, as was the 

use of UBI-mobile client and UBI-keys. The hotspot version 2.0 introduced a new 

simplified paradigm for mobile interaction, relying on Bluetooth for connectivity. 

Users were given the possibility to create a personal UBI account directly on the 

hotspot, using their Bluetooth-enabled mobile device as a personal identification 

token, and augmenting security with a Personal Identification Number (PIN). 

Further, registered users were given the possibility to pair their UBI-account with 

their Facebook account, thus allowing certain services to e.g. post on their 
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Facebook wall. An example of this is games, where users are now able to share 

their high scores and trophies with their Facebook friends. The interaction model 

was also redesigned slightly, so that the subtle interaction mode was modified to 

display a visual proxemics hint meant to entice users to approach the display, 

instead of going directly to interactive mode as in version 1.0. 

Version 2.0 also included several new services, including an extended service 

directory and route-finding functionality to the map service; a service dedicated to 

the City of Oulu; Fast Food in Oulu –service, which allows users to search for 

restaurants, read community contributed reviews, etc.; UBI-mosquitoes game; 

public transportation schedules for buses, trains, and planes; and an English news 

service 65° North. Existing services from version 1.0 were updated to match the 

new look and feel of the overall user interface, and also updates to content and 

functionality were made. The hotspots were also opened for 3rd party commercial 

actors through the possibility to purchase space for their own services in the UBI-

portal.  

4.3.4 Findings from longitudinal deployment of UBI-hotspots 

One of the most valuable lessons we have learned from our deployment of the 

UBI-hotspots is the degree of difference between laboratory and real-world 

settings. What works with recruited test users in a laboratory is not necessarily 

representative of what works with a large population of independent users 

accessing the display at will in a real-world setting. The choice to conduct 

research in such a highly public setting always brings with it certain sacrifices 

regarding data collection when compared to more controlled settings – in our case, 

a major sacrifice is the fact that we cannot identify individual users, but rather 

have to look at overarching trends across the whole user population. The unique 

benefit of having conducted research in this manner, on the other hand, is the very 

high external validity of results – our deployment has been active for several 

years, and the user population includes thousands of people from all walks of life, 

something that would be next to impossible to achieve while maintaining tight 

control of the study.  

Firstly, a crucial aspect of hotspot use is the curiosity factor, which is difficult 

to replicate in a laboratory study. We have observed a direct, nonlinear effect on 

the number of touches required to access a service and its popularity. Users will 

readily access some services with multiple touches, even when the service is not 

located in the quick-launch menu (UBI-wizard). On the other hand, some services 



 71

are popular while they are on the menu, but their use drops to near zero when we 

remove them from the quick-launch menu. We have also observed the novelty 

factor when we introduce new system features or release a major system upgrade. 

In both cases, use spikes but then gradually decreases. The effects of novelty vary 

across instances, but we have consistently observed its impact to some degree. 

Our analysis of service use has led us to attribute a substantial amount of hotspot 

use to curiosity. Passersby are curious about something on the screen, either 

because it is new or simply because they have never noticed it before. Curiosity 

motivates them to touch the display at least once to observe its response. If the 

information encountering experience people get the first time they use a hotspot is 

positive, they might become regular users. On the other hand, if a person does not 

find value in the provided information, s/he might discard the hotspots as a poor 

information source, and never return to them. 

Secondly, We have discovered that location is central to the way people use 

the hotspots. Although we simultaneously deployed identical hotspots at multiple 

locations, hotspot use has varied dramatically, as have users’ service preferences. 

The hotspot in the swimming hall lobby had 47 times more touches than an 

identical hotspot in the lobby of a municipal service center. Patrons in the 

swimming hall are generally relaxed and unhurried, with the user population 

being mostly children and teens keen to play games. This environment proved 

more beneficial for hotspot use than the business-like, almost clinical municipal 

service center. Laboratory or single-location deployment studies cannot 

effectively capture the influence of location. Even a campus-wide deployment of 

several displays is limited, because although context varies slightly, the displays 

can attract only a limited number of user types. 

Third, although the hotspots offer mostly single-user services, we often 

observe people using them in pairs or small groups. Social settings such as the 

swimming hall foster interaction. An example of a service that encourages social 

and group use is the UbiPostcard application. We often see groups of people 

posing together in front of the camera to capture the perfect picture, which they 

can then send to their friends. The group can retake the photo as many times as 

they need, ensuring that everyone is satisfied with the outcome. Our sole 

multiuser service is the UBI Mosquitoes game, in which the objective is to smack 

mosquitoes and flies while avoiding butterflies. Younger users often play it in 

groups, since having more players increases the chances of achieving a high score. 

We have also identified social settings that inhibit hotspot interaction. In one 

instance, a large crowd was near a hotspot (which we detected through Bluetooth), 
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but only a few people used it. We concluded that this counterintuitive effect has to 

do with the nature of nearby events and hotspot placement. The crowd in question 

was attending a formal dance near one of our indoor hotspots. We expected use to 

increase as a result of the increased population in proximity to the hotspot, but we 

deduced that people arriving at the event were mostly in pairs or small groups and 

anxious to join that event. Consequently, a single person was not likely to hang 

back to use the hotspot while the others joined the event. We also concluded that 

hotspots are not appropriate in crowded events, since users standing in front of 

the display are likely to block the coming and going of others or get jostled in 

their attempts to use the display, both of which are annoying. These observations 

strongly imply that people use the hotspots when they have extra time, which is 

less likely to occur during structured special events. 

Lastly, Weather also affects hotspot use, even indoor hotspots. After mapping 

our logs of average daily temperatures and weather conditions (sunny, cloudy, 

raining, snowing), we found that sunnier and warmer days correlate with higher 

hotspot use in terms of screen touches, services launched, and user interaction 

time. Our correlation analysis attributes about 10 percent of use variation to 

changes in ambient temperature alone, discarding other variables such as time of 

day, day of the week, or even location. Once again, laboratory studies could not 

capture these patterns, since the test generally takes place indoors with controlled 

lighting and temperature. These findings are discussed in detail in (82). 
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5 Discussion 

This section focuses on discussing the main findings and implications of this 

dissertation. The main focus is on understanding and applying human information 

behaviour theories with regards to work done in the UBI-program, and more 

specifically in the work presented in the original articles. 

5.1 Everyday information needs and information environment(s) 

The first thing to establish is the information environment(s) in which the users 

function. In this dissertation, the physical environment is the public urban spaces 

– sometimes referred to as 3rd places (85), places between home and work. As 

stated before, information in these spaces is becoming increasingly digital. People 

carry several sophisticated devices such as smart phones, tablets and laptop 

computers with them, allowing continuous access to information sources on-line. 

Similarly, these devices enable continuous access to a person's social networks of 

dislocated friends, family and colleagues.  

However, despite the rising number of smart phones in the market, not all 

people have such high-end devices, or know how to use them for information 

seeking tasks: for instance, a Finnish study conducted in 2011 found that only 

33% of respondents used their mobile phone for Internet access, and 22% of 

respondents said to use their mobile phone for Internet access weekly. Similarly, 

42% of all respondents said to own a smartphone (78). Therefore it is important to 

also provide new types of information sources built as integral parts of the 

physical environment. The UBI-hotspots are an example of such artefacts. 

Figure 10 illustrates the three overlapping information environments that are 

considered relevant in this dissertation. The user traverses the public space, 

utilizing his/her mobile device(s) and computing resources available in the 

environment to access both his/her social networks, and information services 

relevant to his/her current context and needs. From the point of view of this 

dissertation, the main focus is the identification and support of everyday 

information needs through new ubiquitous computing technology and services. 

Through the collected data, we hoped to determine the types of information that 

people perceive as valuable in an urban context; compare self-proclaimed 

information needs to actual information seeking patterns found on the UBI-

hotspots; and to assess the overall usefulness of such “constructive interventions” 

into public urban space from the point of view of human information behaviour. 
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Fig. 10. Information environments. 

5.2 Prototypes and HIB theories 

Understanding the users’ strategies in dealing with new information artefacts such 

as the BlueInfo prototypes and UBI-hotspots can be grounded in HIB theories of 

everyday life information seeking (101), information encountering (34), 

information scent, information foraging, and social information foraging (91, 92). 

Table 2 presents a classification of the HIB attributes of the various prototypes 

presented in this dissertation. While further research is required to formally verify 

the attributes listed in the table, there is a substantial amount of empirical 

evidence to support this classification. 

Firstly, prototype M1 (BlueInfo Pull) can be seen as having LOW 

information scent, as users are required to know when they are in the presence of 

a BlueInfo access point, and to retrieve information using a combination of 

keywords and parameters. For the same reason, foraging cost can be seen as 
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HIGH, as users are required to remember the right syntax for retrieving content. 

As the content of this first prototype was rather demonstrative in nature, foraging 

benefit remains LOW, and as the prototype was designed to be used by a single 

person at a time, social foraging also remains LOW. 

Table 2. Classification of the HIB attributes of the prototypes. 

 M1:  

BlueInfo Pull 

M2:  

BlueInfo 

Push 

M3:  

BlueInfo 

Proximity 

D1: 

BlueInfo on 

UBI-hotspot 

1.0  

D2: 

BlueInfo on 

UBI-hotspot 

2.0 

P1&P2:  

UBI-hotspot 

1.0/2.0 

Information scent LOW LOW HIGH LOW HIGH HIGH 

Foraging cost HIGH LOW LOW HIGH LOW LOW 

Foraging benefit LOW HIGH LOW HIGH HIGH HIGH 

Social foraging LOW LOW HIGH LOW LOW HIGH 

The second BlueInfo prototype M2 (BlueInfo Push), can again be seen as having 

LOW information scent. This is mainly due to the issue discovered during the 

testing, where users complained about the access points being too invisible in the 

environment for them to really know when they were within range to receive a 

message. On the other hand, as messages are automatically delivered to a device 

once in range of an access point, foraging cost is very LOW. Users commented 

positively on the usefulness of the received content, and therefore foraging 

benefit is HIGH, and, again, as the content is delivered inconspicuously to a 

personal device, social foraging is LOW. 

The third BlueInfo prototype M3 (BlueInfo Proximity) has high information 

scent, yet even though the artifacts (easter egg and student dummy) were highly 

visible in the environment, people did not necessarily associate them with 

information before reading the instructions leaflet nearby the probe. On the other 

hand, using the proximity probes requires very little effort from the user, making 

foraging cost LOW. Due to the constraint of only being able to offer a single 

piece of information at the time, foraging benefit remains LOW with this 

prototype, but, as shown by the experiment, people liked to converge around the 

object to try it out, making social foraging apparent, and thus HIGH.  

The first BlueInfo prototype deployed on the UBI-hotspots, prototype D1, 

required the user to first install the UBI-mobile software suite, collect an RFID 

accessory, and then go through a rather complicated pairing procedure with a 

hotspot prior to being able to use the service. Therefore finding the BlueInfo 

service was very difficult, making information scent LOW and foraging cost 



76 

HIGH. On the other hand, once users got the service running, they were mostly 

happy with the provided information content, thus making foraging benefit HIGH. 

However, again due to the high initial set-up effort required, social foraging 

remained LOW. 

The second and final BlueInfo on-screen prototype D2 attempted to correct 

the flaws found in the previous prototype by removing the requirement for a 

complicated pairing process and making the service highly visible on the hotspot 

interface. Based on the remarkable increase in usage, these measures worked very 

well. Information scent clearly increased, as people were able to see the service 

right away. By removing the requirement for additional software in the mobile 

device we were able to decrease foraging cost. Also, based on responses from the 

users and observational data, foraging benefit with this prototype is HIGH. 

Further, as people are able to view the service interface on the hotspot and the 

service supports nearly all mobile devices with a Bluetooth radio, social foraging 

becomes apparent as groups of people converge around the hotspot to try it out 

and send information content to each other through BlueInfo.  

The UBI-hotspot prototypes P1 and P2 have been designed with these 

considerations in mind from the very beginning. Our goal was to provide people 

with information services that would always be available with just a few touches, 

without requiring the user to navigate through menus or hyperlinks to find useful 

content, thus minimizing information foraging cost. As highly visible additions to 

the urban landscape, the large displays are meant to convey a high sense of 

interactivity in order to maximize their information scent, and, due to their large 

size, encourage social foraging and facilitate everyday life information seeking 

and serendipitous information encountering. 

5.3 Discrepancies between self-proclaimed information needs and 

actual information seeking behaviour 

Our research revealed interesting discrepancies between users’ self-proclaimed 

information needs and their actual information seeking behaviour. Prior to the 

initial design and deployment of the hotspots we conducted extensive user studies 

to elicit requirements. We identified certain strategies in how people stated their 

preferences regarding the functionality of the upcoming hotspots. Our analysis 

revealed four a priori strategies regarding respondents’ self-proclaimed 

information needs (upper half in Figure 11). These strategies highlight the 

different ways in which people felt the hotspots could be useful given a wide 
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range of services offered on them. We subsequently implemented and deployed 

most of the planned services on the hotspots. From the usage logs of the hotspots, 

we observed again four main information seeking strategies (lower half in Figure 

11). These observed (or a posteriori) strategies reflect the way in which services 

on the displays were actually used. These strategies are discussed in detail in 

article V. 

Fig. 11. Identified information seeking strategies. 

Comparing the two sets of strategies, we observe that people were quite 

inaccurate at predicting which services they would find useful. Firstly, the 

outreach strategy identified in the initial user studies, consisting of news and 

entertainment services, is segmented into the entertainment and encountering 

strategies in the observational data of actual usage. One possible reason for this 

segmentation is that while users expected to use the UBI-hotspots for both news 

and entertainment, actual observed behaviour suggests that people either prefer to 

use the hotspots for fun and games, or to browse them for quick updates on news 
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and nearby happenings. Similarly, the Public Transport service, which was a 

priori identified as part of the exploring strategy where users seemingly associate 

this service with the map and general information services, has shifted to the 

planning strategy in actual usage, where it is strongly associated with Food 

services, indicating a tendency to search for places to eat or spend leisure time in, 

and then plan the trip home. 

On the other hand, the consumer strategy identified in the initial user studies 

was actually observed in the usage data. However, this strategy consists of 

services that were overestimated in their usefulness, meaning that while this is a 

strategy that users were accurate about expecting to adopt, they overestimated its 

usefulness. Similar observations can also be drawn about the estimated usefulness 

of other services and information seeking strategies. For instance, while users did 

not necessarily expect to have fun with the hotspots, observed behaviour suggests 

that they do like to play games on them. Further, while users did not expect to 

utilize the hotspots as news portals, they actually do like to use the hotspots for 

opportunistic news encountering.  

Regarding observed usage of the hotspots, people seem to approach the 

displays equally both alone and in groups, but interaction usually lasts longer 

when more than one person is using a hotspot. Further, questionnaire results 

confirm this finding, as a majority of users indicated that they would rather use 

the displays in company than alone. This would suggest that the hotspots facilitate 

social behaviour, which in turn, may facilitate social information seeking or 

encountering, as proposed by social information foraging theory. The theory 

suggests that a group of people can more efficiently discover, invent, and 

innovate than a single user. Undiscovered public knowledge can be found when 

groups forage for information and bridge between two network clusters of 

knowledge and information (91). However, the social usage of hotspots cannot be 

automatically attributed to goal-oriented information seeking behaviours. Certain 

services such as UbiPostcard or the Hangman game are more social and 

entertaining by nature, and thus attract groups of users better than other, less 

social applications. The group of users may then encounter serendipitous 

information items (as suggested by information encountering (34)), which in turn 

leads to foraging the hotspot for more goal-oriented information, i.e. social 

foraging. This goes to show that orthogonal to the identified information seeking 

strategies, there is also a social dimension that needs to be considered while 

designing new services. This social dimension is something that needs further 

research before explicit design guidelines can be drawn based on it. 
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5.4 Reflection on “in-the-wild” research 

The prototypes and various studies discussed in this dissertation highlight the 

benefits of having deployed these technologies in public spaces, for continuous 

access by the general public for a long period of time. Due to the very exploratory 

nature and goal-setting of the UBI program we did not go into the deployment 

with tightly set research questions in mind, but rather with the intent to see what 

kinds of issues would rise once the deployment was done. The developed services, 

however, stem from pre-studies conducted prior to deployment, as discussed 

earlier. Further, as also discussed earlier, in studies regarding the use of selected 

services (and the deployment as a whole) we have found that people view the 

services as valuable and continue using them, thus implicitly showing the value 

found in them.  

We have also gained unique experience on what it is to truly operate in public 

urban spaces. Difficult issues such as urban planning – including building permits 

and space ownership – weather, and the “battle for urban space” (Figure 12) are 

challenges researchers do not normally have to consider. Similarly, such 

deployments have to address issues like economical sustainability, acquisition 

(and moderation) of high quality content while respecting copyright legislation, 

and also be subject to continuous public scrutiny – simply switching the displays 

off once “enough data” has been collected is simply not an option. 

Fig. 12. Left: Hotspot during winter; right: the “battle” for urban space. 

Yet, despite all the issues outlined above, we feel that the pros of conducting real-

world research outweigh the cons. Not only are we providing the local 

community with a valuable service, but we have also opened our deployment to 

the international research community in the form of summer schools for students, 
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research challenges, and visiting researcher programs. Through these outreach 

activities we are providing other researchers with a possibility to use our 

infrastructure to realize their service ideas and to test them in an authentic urban 

setting and, more importantly, to also gain experience on what it truly means to 

conduct research in such a setting. 

5.5 Original research questions 

Returning to the research questions posed in Section 1.2, we have come to find 

that the role UBI-hotspots play in serving various information items to people in 

urban spaces is that of a facilitator (Q1). The hotspots, due to their central 

locations and high visibility in the urban space, facilitate serendipitous 

information encountering and provide a strong information scent, thus leading 

people to forage them for everyday life information items to satisfy their in-the-

moment information needs.  

Regarding Q2, we have found that there are indeed discrepancies between the 

types of information people think they would search for in public urban contexts, 

and the types of information they actually seek on the hotspots. We have 

identified information seeking strategies based on longitudinal data gathered on 

actual usage of the services provided on the hotspots, and these strategies differ 

from those identified in the pre-study where participants were asked to rank 

candidate services in the order of usefulness as they perceived it prior to actually 

using any of the services. The identified information seeking strategies provide an 

interesting starting point for researchers and practitioners designing such services 

for public urban spaces. 

Finally, regarding Q3, data gathered from the longitudinal deployment of 

BlueInfo prototypes show that although smartphones capable of extended online 

access and browsing are becoming increasingly popular, there is still a need for 

alternative ways to pick up information to mobile phones. Statistics from 2011 

show that while 42% of Finnish people own a smartphone, only 20% of 

respondents report browsing the Internet on their mobile device on a weekly basis. 

Thus, information items provided for pick-up in an easy manner on public 

displays provide an important service for people who might not either have a 

suitable device or the required technical skills to find such information on a 

mobile browser. Similarly, as information items are made available in a highly 

visible manner, people may serendipitously encounter information they might not 

have thought to search for otherwise, thus satisfying an information need arising 
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in the moment. Public displays providing an information pick-up service thus 

constitute yet another link in the chain of everyday life information seeking 

behaviors people use to manage their daily lives, and the ever increasing demand 

for various information items required to function in modern day urban 

environments. 
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6 Conclusions 

The original articles in this dissertation approach the topic of human information 

behaviour in smart urban spaces from several different angles, but with the same 

objective of understanding how and why people use new technology for 

information access and retrieval while on the move. The studies presented in the 

articles paint a detailed picture of the usage of new information sources, namely 

BlueInfo prototypes and UBI-hotspots, and the ways in which people have 

adopted them as part of their everyday information seeking behaviour. 

Information is becoming increasingly digital, and thus it is important to 

provide people with relevant information in an easy-to-access form. The hotspots 

have been designed to be as easily accessible as possible, by making sure relevant 

information is only a few touches away. As found in the first BlueInfo study, 

finding information on a mobile browser (at the time of the study) could take tens 

of clicks, and success rate was not always very high. On the hotspots, on the other 

hand, the number of touches has been minimized to ensure people are able to find 

what they are looking for quickly and easily. This is reflected in the very 

heterogeneous user base: people from all walks of life, old or young, 

technologically savvy or not, are able to access and use the hotspots, and with the 

proliferation of touchscreen devices such as mobile phones and tabs, using the 

touchscreen of the hotspots should be a natural way to access services.  

One clear finding regarding information seeking behaviour is that certain 

types of locations attract much more use than others. In the case of hotspots, the 

ones located in sporting facilities such as the main municipal swimming hall, or 

Ouluhalli, another large sporting facility, attract substantially more use than the 

ones situated outside along the main walking streets, or inside in places that have 

a clear function such as an office building. People have free time in sporting 

facilities when they are either waiting for their training shift to start, or are 

waiting for someone to come out of the dressing rooms, etc. 

Another main finding is that there is a substantial difference in the types of 

information people assume to need and use, and their actual observed behaviour. 

These 'strategies', as they are called here, highlight important aspects of 

information seeking behaviour in smart urban spaces that should provide 

designers of such services with a clear starting point on, first of all, the types of 

services/content to implement and, secondly, the ways in which the services 

should be organized in the UI for people to access. 
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Further, regarding mobile access to information through new ubiquitous 

technology, the studies in this dissertation show that while the ideals of ubiquitous 

computing strive towards technology that blends seamlessly into the environment, 

it is important to provide users with clear visual cues that point them towards the 

augmented areas. This is clearly illustrated with the BlueInfo studies, especially 

the BlueInfo Push prototype. As the BlueInfo access points were invisible in the 

environment, users complained that they did not know when they were in range to 

receive a message, and would therefore always go to a single location where they 

knew a message would be delivered, thus making push-based interaction actually 

take on characteristics of pull-based interaction. Conversely, usage increased 

dramatically when BlueInfo was made available through the UBI-hotspots, as 

people were able to see the interface when interacting with the hotspots. Of 

course, with a potential user population of this size, a lot of usage can be 

classified as curiosity use. Curious users should not be dismissed off hand, 

however, as a portion of these users will become active users who may then 

encourage other users to start using a service through their own example. On the 

other hand, the highly public nature of the hotspots may intimidate some first-

time users, as they may be afraid of failing in front of a lot of people. Further, as 

multi-modal services that utilize multiple devices (such as public displays and 

mobile phones) during an interaction sequence, special attention needs to be paid 

to make the interaction as fluid as possible. This was clearly shown in the two 

separate versions of BlueInfo on UBI-hotspots, where the first version required 

users to perform a complicated pairing sequence and install several applications 

prior to being able to use the service, and the second only requires users to turn 

Bluetooth on in their device: not surprisingly, the second iteration was used 

exponentially more than the first.  

Finally, while doing this type of in-the-wild research is very time-consuming 

and expensive, it is the only way to really discover new knowledge on how a 

large population will accept and adopt such new ubiquitous computing artefacts 

in their daily lives. As pointed out in the related work, several other ubiquitous 

computing researchers have come to the same conclusion – that while more 

traditional laboratory studies are important in the early phases of developing new 

services, the only way to really see if a service and/or technology will survive and 

gain usage is to deploy it in public and leave it there for a sufficient period of time. 

This way, innovation will have enough time to diffuse among the population, and 

factors such as novelty value can be discarded. However, as of yet there is no 

framework or accepted set of metrics to accurately measure the effect and utility 
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value of such ubiquitous computing technologies in public spaces. We have 

started a new project for just this purpose, and hope to come up with a suggestion 

for such an evaluation framework that would be both generic enough to be 

applicable in any kinds of public spaces, but still specific enough to produce 

comparable measurements on various aspects of new ubiquitous computing 

systems and services.  

We have named our emerging approach “the invisible researcher in the wild”, 

referring to the underlying principles where the researcher is not in direct control 

of the experiment and, in fact, participants are not necessarily even aware that 

they are participating in a study. While well known in the field of social sciences 

and ethnographic research, this kind of approach is not widely utilized in the field 

of ubiquitous computing. Rogers (95) notes that designing in the wild differs from 

previous ethnographic approaches to interaction design by focusing on creating 

new technologies in situ, rather than observing existing practices and then 

suggesting general design implications or system requirements. Running studies 

in the wild does contain several difficult challenges, however, such as not 

necessarily being able to identify users, and having no control over how users re-

appropriate technology to better suit their own needs. Thus, an application 

developed by researchers for a certain purpose might take on a completely 

different life in the hands of users who have not been instructed to use the 

application in the “right” way. This re-appropriation has been very apparent in 

certain prototypes we have developed and deployed on the UBI-hotspots, again 

highlighting the messiness of the real world when compared to the organization 

and control found in laboratory environments (97), and thus the need for 

evaluation methodologies that would take these factors into consideration. 

However, operationalizing the “invisible researcher in the wild” method is still in 

an early phase, where we are beginning to clearly see the multitudes of challenges 

related to the methodology itself, and the generalizability and validity of the 

method outside our own environment. In the future we hope to hone the method 

to a level where it is mature enough to be adapted by other researchers wishing to 

conduct similar long-term studies in authentic environments of use. Hopefully the 

availability of such an evaluation framework would encourage more and more 

researchers to move their research away from the confines of laboratories, and out 

into the real world. This, in our opinion, is the only way for ubiquitous computing 

research to really take the next step forward. 
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