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ABSTRACT
We present the UbiLibrary service developed for a large public
display deployed at the lobby of a municipal library. The design
of the system was driven by library surveys, interviews of library
users and library staff, and analyzing the use of library’s current
digital services. The system provides library customers with rich
information on library’s services and events through a metadata
engine that semantically complements the library’s database
with supplementary metadata crawled from online sources and
further personalizes information according to the age and gender
of the user estimated through face recognition. The service was
assessed with a task-based evaluation by library customers,
expert evaluation by professional librarians and in the wild field
study. The service was found easy to use and regarded as a
valuable addition to the library’s digital services. Consequently,
it was also deployed on two smaller displays at book collections.
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•Human-centered computing → Displays and imagers; Field
studies; •Information systems → Digital libraries and archives;
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1 INTRODUCTION 
Over the last decade, public displays have become ubiquitous in 
urban spaces [24]. While the most prevalent use case for such 

displays is still passive digital signage, there has been a steadily 
growing interest in also using the displays as interactive end-
points for various information and entertainment services. In 
this paper, we present the design and evaluation of a public 
display service for libraries dubbed UbiLibrary. The design of 
UbiLibrary was initially requested by the staff of the Oulu City 
Library who wanted to tailor the ‘general purpose’ UBI-hotspot 
deployed at their lobby ([34], Figure 1) into an interactive 
interface for novel library services more relevant to their 
customers. We then jointly and in close collaboration with the 
library staff designed and evaluated UbiLibrary reported below. 
 

Figure 1: UBI-hotspot at the lobby of Oulu City Library. 

Although the concept of public library is well defined, it is 
under constant pressure to change and adapt to ongoing societal 
changes. Libraries are continuously struggling to utilize the 
affordances provided by new technology to provide better 
services and interfaces to their customers [9]. This study 
contributes to the exploration of how technology, particularly 
large public displays, can benefit public libraries and their 
customers. As discussed next, prior work on employing situated 
public displays as interactive interfaces for library services is 
surprisingly scarce. The majority of research on digital libraries 
seems to have focused more on improving conventional online 
public access catalog (OPAC) interfaces and providing new 
online services rather than providing services for customers at 
physical libraries. 
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2 THEORETICAL UNDERPINNINGS AND 
RELATED WORK 

A starting premise for our study is the finding that despite the 
massive amounts of information available, people still have 
trouble locating relevant sources of information in their 
everyday lives [3]. Further, urban teenagers have been found to 
view traditional sources of information, namely libraries, as 
‘uncool’ and ‘uninviting’ [2, 47], 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, and be able to support the needs of a heterogeneous user 
population with differing levels of technical expertise, 
motivation, and willingness to utilize new technology. In order 
to understand the interplay of the outlined issues, we will next 
briefly introduce relevant work and focal concepts from the field 
of human information behavior (HIB) research [45, 46]. 

On a high level, information seeking behavior is defined as 
the totality of human behavior 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” [46]. More specifically, Spink and Cole [41] define 
information seeking as a sub-set of information behavior that 
includes the purposive seeking of information in relation to a 
goal. Further, information organizing behavior is defined as the 
process of analyzing and classifying materials into defined 
categories, and information use behavior as the process of 
incorporating information into an individual's existing 
knowledge base. Wilson [46], then, defines information 
searching behavior as "...the behavior which 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." Historically, the 
information seeking approach has been dominant in library and 
information science research. However, other major approaches 
have emerged. These include, among others, information seeking 
and problem solving [4, 8], everyday life information seeking [38], 
and information foraging [35].  

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 [41]. 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. Related to information foraging theory is the 
concept of information scent [10,36]. The concept reflects the 
profitability of an information source in relation to other 

potential sources [36]. 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 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 [8, 
13]. However, researchers have questioned this simple dualistic 
view. For instance, Erdelez [13] 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. Current cognitive theory suggests 
that a very short glance (only 100 ms in duration) can trigger 
awareness of a possible information item of interest [7, 48]. 
Hence, public displays as highly visible visual elements in the 
environment are well suited for conveying information cues that 
may help facilitate serendipitous information encounters. Such 
experiences are abundant in today’s information-intensive 
environment where user mobility facilitates the disappearance of 
traditional task-oriented silos in acquisition of information and 
people move efficiently among information that is relevant to 
their current situation [14]. 

The discussed previous work shows that while human 
information behavior with e.g. web-based information systems is 
well understood, there is no existing body of literature 
discussing how new ubicomp applications and systems, deployed 
in highly public, high information-demand environments, affect 
the ways in which people seek information while operating in 
these environments. As public urban spaces are, by nature, a rich 
collection of people from all walks of life and all demographics, 
each with their own personal reasons for being in those spaces, 
tasks they are there to accomplish, and differing ephemeral 
information needs that change and evolve continuously as they 
move about in the city, public information artifacts deployed in 
these spaces must mirror those complexities in order to be 
useable and provide intrinsic value to the people. Understanding 
the information needs people have, and the information seeking 
strategies they employ while traversing these spaces, is key to 
being able to design and build services that help people 
accomplish their everyday tasks more efficiently, and thus 
provide a valuable service to the whole community. 

Towards this end, some research driven prototypes and 
installations have been tested and deployed in public libraries. 
Grønbӕk et al. [17] introduced InfoGallery, a web-based system 
for enriching the physical library space with informative art 
‘exhibitions’ of library collections and other relevant information 



 

such as news and events. The exhibitions were shown in an 
aesthetically attractive manner on a variety of surfaces including 
flat screens, cylindrical displays, and floors. Today, InfoGallery is 
deployed on interactive screens in every public library in Aarhus  
[20].  

Systems based on direct-touch interaction on a public 
displays have been proposed for serendipitous discovery and 
playful exploration of library collections. Thudt et al. [43] 
introduced the Bohemian Bookshelf that employs various 
interlinked visualizations to facilitate such open-ended 
exploration. The participants of a small field trial conducted in a 
public library embraced the proposed approach. Similarly, 
Kleiner et al. [22]  proposed the Blended Shelf that shows a 
realistic 3D visualization of library collections on a public display 
which enables implicit serendipitous support of the shelf 
browsing process in the digital realm.  

Some systems couple tangible interaction with direct-touch 
interaction on a public display for exploring library collections. 
Hinrichs et al. [19] presented CollectionDriver, a permanent 
installation at the Public Library Cologne that combines tangible 
interaction and a large public display with a visual 
representation of search criteria and filters. A qualitative in-situ 
comparison to the library’s OPAC interface showed that while 
both systems supported a similar search process, the 
CollectionDiver made systematic search more accessible, 
motivated proactive search approaches by adding transparency 
to the search process, and facilitated shared search experiences. 
Detke et al. [11]  proposed the Search Wall, a library search 
interface for children where a public display is coupled with a 
tangible interface comprising of various physical objects such as 
keyword cubes and animal puppets for selecting desired media 
type for formulating unstructured queries. While the system 
received a good acceptance in a Wizard of Oz evaluation, the 
children were confused by some interactions. 

The Visualization Studio at the University of Calgary Library 
[44] and the Digital Scholarship Lab at the Brown University 
Library  [12] are examples of systems where large screens 
provide researchers with significant visual real estate for 
working with large digital collections in libraries. Similarly, the 
“Making Visible the Invisible” installation at the Seattle Central 
Library [29] used six large LCD screens placed on a glass wall 
horizontally behind the librarians’ main information desk for 
visualizing different real-time statistics of checked out items to 
the library visitors. Finally, the iFloor  [25] and Gelatine [6] 
prototypes are examples of systems that use public displays to 
stimulate social interaction between library visitors. 

3 DESIGN 
We set out to design a system that would utilize the eminent 
visual capacity of the 57” full-HD public display to communicate 
a strong information scent and help facilitate serendipitous 
information encountering in the public space of a library lobby. In 
the initial design phase, we considered many different types of 
data as inputs and inspiration for the upcoming system. These 
included selected literature [1,27] , recent library surveys, and 

qualitative real-world data from the library such as check-out 
statistics of the library’s collections and usage logs of the 
library’s website. We also conducted semi-structured interviews 
and a questionnaire study with library visitors on site. Finally, 
we interviewed the library staff to get requirements and 
understand their expectations towards the upcoming system. 

In order to understand current library usage patterns, we 
used a recent survey by The National Library of <Country> as a 
source. From the document we found that, unsurprisingly, 
checking out books was the number one library service people 
use: 95% of respondents identified this as something they had 
used a library for.  52% of respondents reported going to a library 
to read newspapers and magazines, 40% reported browsing 
collections, and 30% had used a library for information search on 
a particular topic. Leisure activities were also present, with 22% 
of respondents reporting spending time, reading books, etc., as 
an activity they had engaged in. Checking out books, reading, 
browsing collections, information search and spending time 
were also confirmed as most popular library services by another 
recent survey on public libraries [39]. 

3.1 Interviews and Questionnaire Study 
In order to understand the information needs of library 
customers, we conducted interviews and questionnaire study 
with 91 (36 males and 56 females) at the lobby of the library. 
Participants were recruited from library visitors on-site, and 
each participant was rewarded with a coffee voucher. 
Participants were first interviewed about their library visit and 
the services they planned to utilize. We also asked participants 
about ideas for novel library services that could be offered 
through an interactive public display to better support their visit 
to the library. Finally, participants were asked to fill in a 
questionnaire where they were asked to rank five different 
candidate services for the display in the order of their personal 
preference (1=most desirable … 5=least desirable). The candidate 
services were based on the previously mentioned study of library 
surveys. Participants ranked the services in the following order: 

1. Locate a book in the library (average rank 2.2); 
2. Book suggestions based on user input (2.4); 
3. Book suggestions by library staff (2.9); 
4. Information on events in the library (3.2); 
5. Information on services in the library (4.1). 

Finally, we interviewed three library staff members about 
services UbiLibrary should provide. The interviews proved not to 
be very fruitful, however, and a majority of presented ideas 
focused largely on using the display for traditional digital 
signage by showing a playlist of advertisements promoting 
library’s services generated by library staff. 

3.2. Use Cases 
Analysis of the library surveys and results from the interviews 
and questionnaire study revealed that in general, library visitors 
have three basic information needs to be satisfied: i) Information 
about library’s collections, such as books, movies, magazines 



etc.;.ii) Information about library’s services, such as opening 
hours, terms of loaning, etc;. and iii) Information about the events 
and works promoted by the library. Interestingly, participants did 
not consider general information services provided by the library 
to be important to them. This again goes to demonstrate the 
ephemeral nature of information needs: while the core service of 
libraries, checking out books, is well understood, people were 
struggling to articulate specific information needs they might 
have that would benefit from the expertise of the library staff. 
This uncertainty of purpose must be taken into account in the 
design. Conversely, however, receiving book suggestions from 
the library staff was considered a valuable service. 

To clarify user intention, the basic use cases for the display 
can be divided into three categories: 1. Determined use cases, 
where the user already knows the type of information she/he is 
looking for when approaching the display. 2. Undetermined use 
cases, where the user is not sure of exact information, service or 
activity he wants, but is willing to find out. 3. Administrative use 
cases, where the staff of the library wants to update the content 
of the display. These high-level use cases were used as a basis for 
detailed textual scenarios written in collaboration with the 
library staff members. Overall, we developed 15 partly related 
and overlapping use cases for library users and 6 use cases for 
administrators. These were then used as a basis for system 
implementation. Further, during the development process, the 
library staff were provided with access to an online prototype of 
the upcoming UbiLibrary service that they could try out on their 
own. This online prototype proved very useful in obtaining more 
detailed requirements, wishes and other feedback from library 
staff that informed the design of the next prototype. 

4 IMPLEMENTATION 
The UbiLibrary service was implemented using client-server 
architecture and web technologies, just like the many other 
services of the UBI-hotspots. 

4.1 Interaction Model 
The interaction model of UbiLibrary comprises of a number of 
distinct states as follows. In the broadcast (non-interactive) state 
nobody is using the service and the screen is dedicated to passive 
digital signage channel showing a playlist of advertisements 
promoting library’s services that is maintained by library staff.  

The system changes to the subtle state when a potential user 
approaches the display so close that a face is recognized from the 
video feed of the overhead camera embedded in the upper part of 
the display enclosure. Then an overlay containing a welcoming 
greeting and the covers of various books is shown atop the 
digital signage channel, to illustrate the interactive affordances 
of the display and to overcome interaction blindness [34]. If the 
user does not interact with the service within a predefined 
period, the system reverts to the broadcast state. 

If the user touches the touch-screen, the system changes to 
the interactive state and shows the initial main user interface 
discussed below (Figure 3). Further, by scanning a QR code 

displayed on the screen with a personal mobile device, the user 
can enter the distributed state where the private interface on the 
personal mobile device is coupled with the public interface on 
the large display [49]. The private user interface is redirected to 
the library’s loaning system so that the user can reserve books.  

The screen real estate and transitions between different states 
are managed with declarative XML-based descriptions of virtual 
screens and a finite state machine [50], implemented using 
SCXML, the general purpose event based state machine language 
specified by W3C, and the Apache Commons SCXML engine. 

4.2 Metadata Engine 
A key component of the UbiLibrary server is a metadata engine 
that augments the library’s database with online literature 
sources and personalizes content recommendations based on the 
age and gender of the user. They are estimated from the real-
time video feed of the overhead camera by a commercial face 
recognition software. Data for the metadata engine is acquired 
from several online sources: Programmable Web [30, 37] lists 66 
different APIs designed to share information about literature 
under three categories: book reference services, social books 
services and library book services. They were carefully examined 
and those deemed useful and accessible were integrated into the 
UbiLibrary system. 

Selected APIs and services include the following. BookSampo 
[21] provides rich metadata on fiction and nonfiction literature. 
The service is based on semantic web technologies so that books 
included in the service are enriched with matching words 
selected from national ontologies by volunteer librarians and 
semantically linked together according to Linked Open Data 
principles. GoodReads  [15] provides opinions, reviews and 
grades about literature, and a flexible API for developing 
applications. The website also provides suggestions for different 
themes referred to as “book shelves”, which provides further 
metadata on the books included in a particular shelf. The New 
York Times Best Sellers List [32] provides statistics about copies 
sold in different book form factors. The National Booksellers’ 
Association maintains a website providing monthly records of 
most sold books in the country. TasteKid [42] provides 
suggestions based on the titles of works. It is not limited to 
literature, but lists also games, movies, TV shows and music. 
TasteKid API does not provide any exact identification 
information (e.g. ISBN), and has to be used in conjunction with 
LibraryThing [28], a simple service that takes as an input an 
ISBN or a title and returns a list of ISBNs of other editions and 
translations of the same "work". Finally, Google Books [16] not 
only provides the metadata of books but also archives their 
content  The metadata engine uses Google Books as a fallback 
source for any missing information such as cover images, 
authors and publishers. 

Table 1 shows the recommended book types associated for 
each age category and gender, derived from suggestions made by 
librarians and the findings of a large reader survey  [33]. These 
recommendations affect the outcome of the recommend content 
application that involves the keywords of the most popular 



books in the recommended book types in the database query, 
together with any user-defined keyword(s). 

 
Age Gender Recommended book types 

child female children’s books, picture books 
male children’s books, picture books 

teen 
female young-adult fiction 
male young-adult fiction, games, fantasy 

young 
adult 

female 

psychological thrillers, fantasy, romance 
novels, romantic suspense books, 
entertainment literature, young adult’s 
books 

male fantasy, science fiction, adventure, 
horror, young adult’s books, thriller 

adult 
female 

biographical novels, women's literature, 
development novels, cook books, 
gardening books, romantic suspense 
books, entertainment literature, 
historical novels, thriller 

male wars, biographical novels , short stories, 
historical novels, thriller, crime 

senior 
female memoirs, biographical novels, romance 

novels, historical novels, thriller 

male memoirs, war literature, nature stories, 
historical novels, thriller 

 

Table 1. Mapping of age and gender to book types. 

Every record in the engine’s database is associated with two 
different types of keywords: primary keywords are obtained 
directly from the library’s database and they have higher weight 
in subsequent content suggestions than secondary keywords 
fetched from the online literature services described previously. 
The engine provides two different ways for querying its 
database.  The database search application returns a list of 
records containing user-defined keyword(s) that are ranked 
according to the combined weight of matching primary and 
secondary keywords. The recommend content application is a 
more open-ended search to the engine’s database incorporating 
personalization according to user’s age and gender and their 
recommended book types. 

4.3 User Interface and Applications 
The key challenge in designing the user interface of UbiLibrary 
was the placement of interface elements on the large screen. We 
followed the approach proposed by Bezerianos and Balakhrisnan 
[5], where a large screen is divided to focal and portal areas. The 
focal area is the representation of the canvas within which 
interaction occurs while the portal area is the remote part of the 
main display canvas on which the portal area’s view is centered. 
This allows managing a larger number of applications in a 
particular location of the screen. More specifically, we divided 
the virtual canvas from one to three focal areas where the main 
interactivity takes place and the most relevant information is 
displayed. As illustrated in Figure 2, in the default minimized 

state all applications are minimized and displayed in a single 
focal area, where they are easily accessible. Non-interactive 
information can be displayed outside the focal area. When a 
single application is launched, the system moves to maximized 
state, where the canvas is divided into three focal areas. This 
expanded layout can be thought as an application menu tree, 
where the leftmost focal area is the index of applications (“main 
menu”), the central focal area is the application menu window 
(“menu window”) and the rightmost focal area is the application 
content window (“content window”). 
 

 
(a) 

 
(b) 

Figure 2: Conceptual UI minimized (a) and maximized (b). 

The use cases identified in the design are implemented in 
form of six main applications and seven complementary 
applications. The index page (main user interface) contains the 
five main applications that are always visible in the main menu: 
events, suggest books, database search, services and feedback. They 
are visualized as five icons in the middle of the main user 
interface shown in Figure 3. The two images above the icons are 
advertising channels that show images from playlists maintained 
by library staff. Complementary applications include auxiliary 
functions such as finding the exact location of a book and 
reading the reviews associated with it. 

  

Figure 3: Main user interface. 



4.3 Database Search with Adaptive Tag Cloud 
Keywords are essential for searching library databases, as typing 
in keywords with a virtual keyboard on a large touch screen is 
complicated for two reasons: First, spatially inaccurate touch 
detection can lead to many false key presses. Second, single-
touch screen limits typing to one character at a time. These 
problems could be alleviated to a certain extent with text 
prediction with a set of valid prediction words that are derived 
from the context of the input field. However, we elected to use 
tag clouds as the primary input method for search keywords. 
Tag clouds have been found particularly useful when browsing 
non-specific information or as a visual interpretation of a 
database  [40]. In case of displaying information with an order of 
precedence, the most preferred choice can be made larger than 
other choices, which aids in understanding the content. 
 

 

Figure 4: Database search with adaptive tag cloud. 

Figure 4 illustrates the interface for database searches with an 
adaptive tag cloud that is bootstrapped with keywords extracted 
from book recommendations that match the book types mapped 
to the automatically recognized age and gender of the user. 
When user selects one or more keywords from the tag cloud, 
shown in the rectangular window below the tag cloud, the client 
queries the UbiLibrary server for the selected keyword(s). As a 
complementary method, user can also type in keywords on a 
virtual keyboard. The server returns a list of matching results 
ranked by the metadata engine according to their review rating 
and similarity with the keyword(s). Top 12 results are displayed 
next to the tag cloud, and the user can request further results to 
be shown, as well. Such a fluid adjustment of search criteria and 
a close visual coupling of search criteria and result list is 
recommended in literature [18]. 

The interface allows the user to browse the library’s database 
with moderate ease in two different ways. First, the user can 
discover books by selecting desired keywords and then 
displaying the details of matching books in the content window 
on the right (serendipitous information encountering). Second, 
the user can also search the database for exact matches with the 
keywords (purposeful information seeking). The tag cloud 
displayed in the interface is updated every time a keyword is 
added or removed. The words are parsed from the results 

provided by the server and the words with most occurrences are 
displayed in a larger font. Additional functionalities include a 
button for manually adding further related keywords to the tag 
cloud, and another button for clearing the tag cloud completely. 

5 EVALUATION 

5.1 Preliminary Testing by Library Staff 
Before UbiLibrary was deployed for real-world use on the 
display at the lobby, library staff were asked to try out the final 
prototype. In this session, participating staff members were 
asked to perform basic tasks using the system. The interaction 
was video recorded and followed by open-ended discussion. 
Results from this study showed that all required features were 
implemented and functional. However, many minor bugs were 
identified and fixed before the actual launch of the service. The 
analysis of the video recording revealed that the staff had some 
problems with basic usage such as touching the elements, 
navigating the menu and so on. Again, all identified user 
interface issues and bugs were fixed before the service was 
launched to the general audience.  

5.2 Task-based User Evaluation 
UbiLibrary service was evaluated in a task-based user evaluation 
conducted in the lobby of the library. 20 library visitors 
participated in the study: 12 males, 8 females; 0 children, 6 teens, 
3 young adults, 7 adults, and 4 seniors. Each participant was 
asked to complete following six tasks on the display: 

T1. Find an interesting event from the service. 
T2. Find a thriller book you would be interested in. 
T3. Find reviews for Jari Tervo’s book Troikka. 
T4. Find the opening hours of the music department. 
T5. Find the address of the library in Myllyoja. 
T6. Locate most read book in the country and in the library. 
 
After completing the tasks, each participant was asked to 

complete a questionnaire that was followed by a short interview. 
Overall, the evaluation took around 20 minutes per participant. 
Participants were rewarded with a coffee voucher.  

Table 2 shows the average task completion times in each age 
category for each task. Obviously, given the small sample size, 
we cannot draw too strong conclusions but descriptive statistics 
show that the two older age groups needed more time to 
complete all six tasks. This is not surprising as generally 
speaking, younger generations are more accustomed to using 
technical gadgets, touch screens in particular. 

Overall, the average tasks completion times were not that 
different across the four age categories. The largest variance is 
below one minute in T3. This is a rather encouraging result, 
considering the complexity of the tasks and the fact that all 
participants were novices in using UbiLibrary. 



Task Teens 
(N=6) 

Young 
adults 
(N=3) 

Adults 
(N=7) 

Seniors 
(N=4) 

T1 1.28 0.83 1.59 1.26 
T2 1.48 1.59 1.84 1.38 
T3 1.16 0.74 1.50 2.09 
T4 0.21 0.18 0.46 0.39 
T5 0.17 0.08 0.41 0.35 
T6 1.12 0.68 1.58 1.62 

all tasks 5.42 4.10 7.38 7.09 
 

Table 2. Average task completion times in minutes. 

In the follow-up interviews, 80% of participants found 
UbiLibrary to be useful and a good addition to the library’s 
existing digital services. When asked if they would use the 
service again, 55% answered yes, 20% answered maybe and 25% 
answered no. Overall, participants ranked as four most useful 
services database search, book location, events and suggest books. 
70% of the participants were pleased with the book 
recommendations they received from the recommend content 
application, and two participants named it as the most useful 
service for them. 

Probably the most important challenge in using UbiLibrary 
was an issue that we dubbed as “comprehension challenge”. 
Some participants appeared to be overwhelmed by the 
combination of the large screen, the many interactive elements 
shown on the screen and the overall complexity of the 
application. Consequently, they concentrated on such parts of 
the interface that were not relevant for completing a particular 
interaction sequence. In particular, three participants had severe 
problems in this regard and they regularly diverged from the 
designed interaction path. Two users specifically complained 
that there is too much text on the screen and it is hard to know 
what is relevant for them to read. This emphasizes that 
applications targeted for large screens should clearly indicate the 
relevant content and intended interaction sequence, and provide 
shortcuts when applicable [23]. 

Overall, the user evaluation exposed multiple minor usability 
issues in the user interface. Most of them were specific to the 
large screen, and tweaks to the sizes and the positions of the UI 
elements were made based on the findings of the evaluation. 

5.3 Expert Evaluation by Library Staff 
To evaluate the design and implementation of UbiLibrary from 
the librarians’ professional point of view, we asked eight 
members of the library staff involved with their digital services 
to use UbiLibrary, answer few questions and provide general 
feedback.  

1. The original objective of the library staff was to use the 
display to show advertisements promoting library’s services. Does 
the prototype fulfill this need? 

According to responses, the current implementation shows 
the items on the playlist for a too short time for the users to 

understand the content. The maintenance of the playlist through 
the administrator interface was found easy. 

2. Does UbiLibrary support you in your work in any way? What 
could have been made better? 

Overall, UbiLibrary was seen as a beneficial for introducing 
the library to new customers, e.g. to introduce library’s services 
and facilities and to provide literature suggestions to customers. 
Almost all librarians criticized the public location of the display 
and subsequent poor privacy of the users. The library customers 
had also complained about this issue. The librarians suggested 
moving the display to a more private location in the second 
floor, which would promote longer sessions. Further, it would be 
simpler to direct customers to use UbiLibrary from the service 
desks in the second floor. It is not feasible to send customers 
back to the first floor where the display is currently located. The 
collections are also far away from the display in the upper floors. 
On the other hand, moving the display to upper floors would be 
counterintuitive to the original design objective of offering the 
display and UbiLibrary as the first information point for visitors 
arriving at the library.  

3. UbiLibrary is supposed to complement library’s current 
digital services. In your opinion, how well is this goal achieved? 

The majority of the staff was positively surprised about the 
quality and coverage of the new service. The usage was 
perceived as simple and there was enough coherent content for 
customers. Specifically, the database search and suggest books 
applications were seen as successful implementations. 
UbiLibrary was perceived more of a replacement than a 
supplement to their current web site. However, counter to the 
original design goal of providing an interface with a strong 
information scent, the library staff identified interaction blindness 
[34]  as a major obstacle for UbiLibrary’s adoption among their 
customers. They agreed almost in unison that their customers 
did not realize that the display was interactive. This may be due 
to the display having been deployed in the same space for an 
extended period of time before UbiLibrary was developed. The 
original design of the display emphasized full-screen broadcast 
signage, and this may have led people to assume that the display 
was, in fact, not interactive, even after the new service was 
deployed. The library staff suggested mitigating this issue by 
raising awareness of the display’s interactivity among customers 
with advertisements, stickers and rewards. 

4. UbiLibrary collects information from the web to create richer 
metadata for literature and thus competes with similar web 
services. Is UbiLibrary capable of challenging existing services 
(BookSampo) and how could this rich information be used in the 
library in a more efficient way? 

Generally, UbiLibrary was seen as a valid alternative for 
similar services, but only inside library premises. Other similar 
services are designed to be used on desktops and there is 
definitely a need for a custom service tailored for a public 
display deployed in the library premises. According to one 
librarian, not all visitors are willing to ask advice from the staff 
and UbiLibrary could be useful for them. The librarians agreed 
that database search with UbiLibrary is more practical than with 
a smart phone.  



5.4 Quantitative Evaluation in the Wild 
UbiLibrary was deployed on the display in the lobby of the 
library to be used by the real customers of the library on their 
own without any enticement and guidance. Detailed statistics on 
the usage of the service were collected over 24 days. The number 
of starts and clicks were logged for each application, together 
with the age category and gender of the users as classified by the 
face detection software. During the data collection period there 
were 209 distinct user sessions in total, which corresponds to 
about nine sessions per day. The daily average number of started 
applications was 50 and the average number of clicks 240. The 
average click count per session was 28.7 clicks, which is 
sufficient for discovering new content from the service. Figure 5 
shows the distribution of starts and clicks over different age 
groups and genders. The most active group was adults, followed 
by teenagers and children. Seniors were far less willing to 
engage with the display. 

 

Figure 5: Application starts and clicks per user groups. 

Figure 6: Usage statistics of different applications. 

Figure 6 shows the starts and clicks of each application, 
reflecting their relative popularity. The bottom six entries 
correspond to the six primary applications. The most popular 
service turned out to be the database search application, followed 
by the combination of services and libraries applications. The 
suggest books application was less popular than anticipated - it is 
possible that the user interface of the application or the 
suggestions provided by it were not successful. The average 

clicks/start ratio is very similar for all main applications, around 
six clicks per application start. 

The 209 distinct user sessions were divided into three groups 
based on their activity and click count. The first group of 
sessions had at most ten clicks, reflecting the user just 
commencing interaction and then quickly leaving the display. 
These so-called curiosity launches contributed about half of the 
sessions (204 ~ 50%).  The second group of sessions with 11-70 
clicks had 77 (37%) sessions. They used the service for a more 
extended period of time to discover new content. The third 
group with more than 70 clicks were regarded as power users 
that contributed 28 (13%) sessions. 

5.5 Follow-up Deployment 
At the library staff’s request, UbiLibrary was deployed on two 
smaller touch-screen displays at the book collections on the 
second floor, 22” screen on a table and 46” screen on a portable 
stand (Figure 7). Their deployment lasted altogether 32 months, 
until the library and the research team jointly ran out of 
resources to maintain the displays and the software. 

A detailed analysis of the data from this longitudinal 
deployment is beyond the scope of this paper. However, in brief, 
the two smaller displays at book collections attracted much more 
use than the large public display in the lobby. We attribute this 
to three factors: the smaller and thus more private form factor of 
the displays, their more private setting, and proximity to book 
collections where customers searching for books go 
‘automatically’, bypassing the large display in the lobby. 
 

  

Figure 7: Librarian demonstrates UbiLibrary on smaller 
touch-screen displays. 

6 DISCUSSION 
Human information behavior research provides a solid starting 
point for designing services for public displays in various urban 
environments. Understanding information needs from the point-
of-view of everyday life information seeking [38], information 
encountering [13], and information foraging [35,36] 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), 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 space, large, interactive 
public displays can support serendipitous encountering of 
everyday life information and offer useful information either for 
immediate on-screen consumption, or for information pick-up 
using a mobile device. Further, due to their high visibility, such 
displays are considered to have a strong information scent [10], 
meaning that people easily associate them with information 
items to fulfil their current information needs, and thus proceed 
to forage the displays for information. 

6.2 Design Considerations  
6.2.1 Information Scent. Our in-the-wild deployment revealed 
issues related to display blindness [31] and interaction blindness 
[34]. Conceptually, we wanted to offer UbiLibrary as the first 
access point to the library’s services for an arriving visitor. Even 
though the interface was designed to take advantage of the 
display’s large size, library customers often ignored it either 
purposefully (aka display avoidance) or unconsciously, as they 
made their way up the stairs to the book collections. This goes to 
show that the physical location of the display is crucial in 
making people aware of the interactive affordances of a display, 
and visual cues such as those suggested by Kukka et al. [26] 
should be utilized to raise awareness and maximize the 
information scent of a public display. 
6.2.2 Information Foraging. Similarly, a design goal was to build 
the interface so that it would facilitate information foraging, i.e. 
provide useful patches of information that the information user 
can forage on the screen. The tag cloud approach proved to be a 
good design choice for this purpose, as it provides an adaptive 
and highly visible point for interaction. This continuously 
updating element facilitates information foraging by showing 
users that the display contains interesting information and helps 
encourage a sense of exploration. Consequently, users do not 
feel that the information patch is depleted and move on to other 
patches, but rather stay to further explore the contents of the 
display. As the qualitative data from the 24-day in the wild 
deployment showed, the power user group especially found this 
paradigm compelling and consequently created sessions with 
over 70 individual interactions. It would be interesting to analyze 
data from the longitudinal 32-month deployment to see if a 
similar trend appears over time. 
6.2.3 Information Encountering. Our initial idea was to utilize 
the large size of the display as an attractor; we hypothesized that 
the large size, in conjunction with the central location of the 
display at the foot of the main staircase (Figure 1) would 

facilitate serendipitous information encountering, which would 
further lead to a more in-depth interaction with the device. As 
discussed previously, the fact that many people ignored the 
display leads us to believe that information encountering was 
not happening for all people, or they did not find the initial 
screen to be compelling enough to convince them to engage in 
interaction. Additionally, the location at the foot of the staircase 
was likely to cause some people not to engage with the display; 
as a pass-through space, a stairwell is not an ideal stopping area.  

However, the people who did engage with the device 
appeared to encounter relevant information that led them to 
browse the system in-depth. Participants in the task-based 
evaluation were happy with the system and commented 
positively on the way the tag cloud allows them to discover 
interesting relevant information items they might have 
otherwise missed. As a design consideration, we urge the 
developers of future information interfaces for situated devices 
such as public displays to consider i) the physical space where 
the display is located, and ii) the content of the landing page or 
initial screen to clearly communicate the type of information 
available on the device to the passers-by. These and other 
challenges in public display deployments are discussed 
extensively by Mäkelä et al. [51]. 

7 CONCLUSION 
We have presented the design, implementation, and evaluation 
of a situated information interface, developed in collaboration 
with professional librarians and deployed on an interactive 
public display. We used human information behavior theories as 
a theoretical lens and design tool to understand the requirements 
and affordances of such novel interfaces for library settings. Our 
evaluation and experiences with the UbiLibrary system lead us 
to believe that the intertwined concepts of information scent, 
information foraging, and information encountering can be used 
as a design tool to understand how to design and implement 
novel information services for situated interfaces such as public 
displays. 

Our study revealed both the strengths and weaknesses of a 
large public display as an interactive interface to library services. 
The large screen real estate allows providing visually rich 
interfaces such as the adaptive tag cloud for browsing the 
library’s database. However, using a physically large display at a 
public location such as the library lobby can easily turn into a 
public performance that many people dislike, and placing the 
display at a busy pass-through space was, in hindsight, an error 
in judgment. To address these issues, we deployed the 
UbiLibrary application on two smaller displays, situated closer to 
the book collections. Future work includes analyzing data from 
this 32-month deployment, which will hopefully provide much 
deeper insight into the various ways UbiLibrary has been 
adopted by library customers. 
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