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Abstract. This paper describes Suggestable, a multi touch tabletop ap-
plication to be used in libraries. Suggestable suggests related books given
an existing book is shown to the system. The system was built with an
iterative process, starting from paper mock-ups, prototypes, and user
evaluations. The evaluations show that Suggestable has succeeded in
providing added value in a library search scenario by attaining a better
usability score than the existing library search system.
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1 Introduction

Searching for relevant literature in a library plays an important role in perform-
ing research[1]. Usually, the catalogue of the library is consulted through the use
of simple search systems. These systems have rather limited functionality, where
they don’t allow to search for related literature and they only allow for input
through the typing of text.

This work studies adding value to this scenario by using a tabletop system,
RFID technology and a more suitable user interface. A larger screen estate has
the potential to create a more comprehensible representation of both the search
queries and the results of these queries, while the physical interaction through
a touch screen display and RFID tags aim for an enriched usability experience.
This paper covers work conducted as part of a master thesis at the Department
of Computer Science at the Katholieke Universiteit Leuven[12]. The remainder
of the paper is structured as follows: first an introduction is given to the fol-
lowed design methodology in section 2, then related applications are described
in section 3. The idea of the application is described in section 4, sections 5 and
6 shortly give an insight on the results of the iterative design process, and finally
in section 7 the conclusions are drawn and tips for future work is given.

2 Methodology

This study follows a design based research methodology[2]. A Rapid prototyping
approach is used to test ideas in frequent short iteration cycles of applications.



For starters, two paper prototypes were developed with each a small scale us-
ability evaluation [3], followed by three rounds of implementation, again each
round wrapped up with an evaluation. This approach helps to identify usability
issues and get feedback very early in the design process[4]. What follows is a
summary of the results and the outcomes of the interim evaluations done in the
paper prototypes and the implementations. To conclude, the full evaluation is
described in detail.

3 Related work

This section elaborates on existing state-of-the-art applications that have in-
spired this work.

3.1 Research at the table

This work focuses on the visual exploration of authorship networks on large
displays and with multi touch interaction. Currently, the data sets are based
on conferences, as this provides a focused target audience. The application uses
a spring-graph representation to organize the publications and its authors. The
user can freely explore the network using simple multi touch gestures, such as tap,
drag, scale and rotate. Initial experiments show that users are very enthusiastic
about this way of playfully exploring information spaces[5].

3.2 Eunomia Library Application

The Eunomia framework is based on an abstraction from the required hard- and
software to build a multi touch system[6]. One of the sample applications is a
library application that allows the user to look for books in the Google Books
catalogue1. These books can then be viewed digitally. Just like a traditional book,
there are two pages next to each other and one can flip through the pages via a
dragging gesture. This is an interesting and useful feature that is also adopted
in the tabletop system described in this paper. One particular feature is the 45
degree tilted display of the system. This could have some physical advantages
in reading a book. Although the application is used in the university library of
Ghent in Belgium, there are no known user studies of the system.

3.3 Search on Surfaces

Search on Surfaces presents the advantages and challenges of collaborative search
for information using a tabletop system[7]. Four applications are presented to
highlight various techniques to enhance collaborative search. This research con-
cludes that people who share one screen can collaborate better, while they are
more aware of changes in the shown results. However, for useful collaboration,

1 http://books.google.com



the users need to have a common goal beyond the mere search for information.
This can be for example a common research task were a search for relevant
information is performed.

The representation of this information is also of importance and dependent
on the kind of information the users are looking for. When searching for images,
a good place for results seems to be the edge of the screen, while results from an
article or book search seem to be better suited in a compact list representation.

3.4 Meet me in the library

“Meet Me in the Library” is an application that can be used to search through
movie material in a library[8]. The system represents the movies in a free floating
space where the posters of the movies are grouped based on genre. The searching
functionality is activated by putting physical search buttons on the display. This
triggers a virtual keyboard through which a user can enter search terms. The
search button can be rotated to indicate the importance of a search term. The
user can request additional information on every movie shown on the screen.
Although there are no user studies mentioned, the visualization system was a
source of inspiration for Suggestable.

3.5 Tangible Books

Emerging new multimedia technologies are posing challenges for libraries to make
good use of these new technologies. This work describes a new interface that
provides the user access to a virtual library to cope with this challenge[9]. The
user identifies himself to the system with his library card and can then scan
books via an RFID tag. This opens up a digital copy of the book, right on same
page as the physical book. The user can now make digital notes on the pages,
which are saved to a database coupled to the library card of the user. Text and
images can also be used and cited for personal use. Despite the use of state-of-
the-art technologies and the implementation of a user interface, no user studies
were conducted.

While three out of five of these related works lack any kind of user studies,
the main contribution of this work will be reporting on the iterative approach
and user based evaluation of this tabletop system. These evaluation techniques
have been proved essential in understanding how these kind of systems perform
in real life situations[10].

4 Suggestable

The goal is to create a system that assists a user in doing research in a library.
To create a useful library search system, some criteria have to be met. First, the
user needs to be able to search for literature in the complete catalogue. Starting
points can be keywords or already found literature. Next, the results need to
be filtered down, as the result list can be too long to wade through. And last,



to help the user in deciding whether some result is useful, the system needs to
be able to display all available and relevant literature about the result. Based
on the title, author, abstract, keywords, publication year, ... the user can decide
whether he finds the result interesting or not. Usability wise, all these tasks
have to be weighed against the fact that the user is not necessarily a frequent
computer user.

The detailed workings of the application are described in a storyboard. This
is an ideal tool quickly explain the idea and give a visual step-by-step execution
of the scenario [11]. This storyboard was the first step in the design process
containing all basic functionality of the system. What follows is the description
of the scenario with relation to the storyboard as shown in Figure 1 :

(a) To start with, an entry point is needed for the user to express his or her
“needs”. As we need a low barrier query system and as textual search has
been explored in vast amounts of other literature, we chose to explore an al-
ternative input mechanism. A previously found book functions as the starting
point of a search query. The user is able to scan this book into the system
using an RFID reader that is mounted in the tabletop. The system presents
a visual representation of the scanned books along with their suggestions.

(b) When the user scans more books, more suggestions appear and the existing
suggestions are rearranged accordingly. The relation between the scanned
books is depicted as a galaxy, where every scanned book exerts an attractive
force to its related suggestions. When a suggestion belongs to more than
one scanned book, the suggestion will be pulled towards the center of all its
related books.

(c) The found suggestions can be filtered down. When the user selects the “key-
words” button in the action menu, a window appears with the list of key-
words of the currently shown suggestions. All keywords are initially dese-
lected. The user can deselect the keywords he does not deem relevant for
his suggestions. The system will hide the suggestions that belong to the
deselected keywords.

(d) The user can also filter the suggestions based on the publication year. By
tapping on the “timeline” button in the action menu, the filter appears. It
shows a visual representation of the number of publications per year. The
user can select a period using a dual range slider, and the system filters down
the suggestions accordingly.

(e) Both filters can also be used simultaneously. By tapping both on the “time-
line” and the “keywords” button, both filters appear on the display. As
described in step (c) and (d), the suggestions will be filtered following the
users selection.

(f) By tapping a suggestion, an information menu appears. The first panel shows
general information on the suggested book, such as the title, author, abstract,
publication year and book cover. The information menu holds two other
panels with a book preview and the physical location of the book in the
library. Unwanted suggestions can be deleted by dragging them to the trash
bin. The trash bin appears after a dragging gesture has been started. The
full table can be emptied by pressing “clear table” from the action menu.



(a) Suggestions are shown immediately af-
ter a book is scanned.

(b) The suggestions are organized on the
display according to their relation with the
scanned books.

(c) The user can filter down suggestions by
(de-)selecting keywords.

(d) Using a timeline, the suggestions can be
filtered by publication year.

(e) The filters can be used independently
or simultaneously for more specific sugges-
tions.

(f) Finally the user can get more informa-
tion on the suggestion.

Fig. 1: The storyboard of the Suggestable application



The data required to power this application was gathered and combined
from two sources and was brought under an extensible library called “Bookshelf
Library”2. To start with, there was digitized information available form the
existing library system that could be used. This information was enriched with
related books information from Google Books. Also the digital previews were
retrieved from Google Books. More details on the architecure of this library can
be found in the Master thesis of Michaël Vanderheeren[12].

5 Prototypes and implementation

Paper prototypes are used as a low cost and fast solution to evaluate the usability
of an interactive system in a very early stage of the design process [10]. Two
iterations of paper prototypes have been performed, respectively with six and
nine users. The average ages were 22 and 23 years. The participants were given
seven tasks ranging from putting a book on the tabletop to finding the suggestion
best related to all scanned books. The participants were asked to follow the think
aloud protocol[13] and fill in a questionnaire afterwards.

Fig. 2: An overview of the second paper prototype.

2 https://github.com/michaelvanderheeren/Bookshelf



A lot of usability issues already came up in these paper prototype evaluations:
changing the importance factor of a scanned book was proven too cumbersome
and not useful enough, closing certain windows was cumbersome, the clear ta-
ble feature was not easy to find, the number of occurrences of a keyword was
misinterpreted, the users did not know the content of the available panels on
the information menu, some people did not find the action menu, ... In total,
seventeen issues were discovered and fourteen of them were tackled. Three issues
were categorized as low priority and archived to spot any re-occurrence later on.
One specific issue on how to remove a book from the visualization, surfaced in
each prototype and this feature had to be adjusted several times, thus proving an
other advantage of having multiple iterations, even multiple paper prototypes.
An overview of the second prototype can be found in Figure 2, showing interim
versions of all user interface elements of Suggestable.

The implementation was done in three iterations, each followed with an eval-
uation. The first two implementation evaluations were small usability tests, sim-
ilar to the ones performed in the paper prototypes. The last evaluation round
however, was much more elaborate and is discussed in detail in the next section.
The first two implementation evaluations were done with respectively six and
nine test subjects. The average ages were 27 and 24 years. The participants were
again given seven tasks, this time ranging from putting a book on the table-
top to filtering suggestions and moving scaling and rotating several windows.
The participants were asked to follow the think aloud protocol[13] and fill in a
questionnaire afterwards.

These evaluation rounds again brought up more than a dozen issues. Only
one of these issues was discovered before. After implementing solutions for these,
it was decided to wrap up the implementation phase. A screenshot of the final
implementation can be found in Figure 3.

6 Final evaluation

The main evaluation took place at the campus library of the computer science
department of K.U.Leuven3 and was comprised of two parts. The focus of the
first part was to assess the usability of the system in finding related books. In
this evaluation, the visitors of the library could freely explore the system after
which they received a questionnaire with questions about their library visiting
habits, a SUS-questionnaire to calculate the “System Usability Scale”[14] of the
system and the option to write down three positive aspects and three negative
aspects of the system.

The second part researches the added value of the use of the tabletop system
while searching for related books. The participants were divided into two groups.
The first group started with searching for a book and a few related books using
the available library search system and the knowledge of the librarian. Then the
search for related books was repeated using Suggestable. The second group of

3 http://www.wbib.kuleuven.be/



Fig. 3: A snapshot of the final implementation of Suggestable.

participants executed the two scenarios in the reverse order. This helps to filter
out any influence about prior knowledge from previous searches performed dur-
ing the evaluation. Each participant got 10 minutes to complete the scenario,
followed by the SUS questionnaire for each system. To conclude these partici-
pants were also asked to write down three positive aspects and three negative
aspects of both systems.

The first part of the evaluation was fully completed by seventeen participants.
The fourteen male and three female participants had a an average age of 31 years.
The oldest participant was 66 and the youngest was 18. Over all they were asso-
ciated, either as a student or an employee, with five different departments of the
university. Eight of the participants had never used a multi touch device before.
These figures indicate that the participant group was rather heterogenous. Based
on the completed SUS-questionnaires, the average SUS-score was calculated as
78 percent. This score classifies the usability of the final application as good[14].

A summary has been made from all collected positive and negative aspects of
the system. Some of the negative influences were related to the hardware setup
rather than the software. The system setup at the library had some lighting is-
sues that impacted the touch input and the RFID reader failed to scan some of
the books. The participants were however very positive about the application.
Here is an overview of the most significant positive and negative aspects of the
system according to the users:



Positive aspects

– Fast and convenient way to find
related books on an innovative
system.

– Direct access to both the Libis
as the Google Books catalogue
to digitally preview the books.

– Clear visualization of the
suggestions with filtering
possibilities.

Negative aspects

– The system is very sensitive to
light and needs to be
re-calibrated often.

– Some RFID labels can’t be
scanned.

– The number of available
features is limited to looking
for books.

– The application sometime
crashes while previewing a
book.

The comparative study to determine the added value of the tabletop system
comprised twelve participants, ten male and two female. The average age was
23, with the oldest being 27 and the youngest 23 years. All users had prior multi
touch experience, and seven already took part in one of the previous evaluations.
Everyone was associated with the computer science department at the time of
the evaluation.

The participants were continuously under observation during both scenarios.
The observation of the scenario using the library search system showed some
existing issues. The users could not figure out what the relation was between the
results. Some participants noticed that one could only partially relate the books
by looking at the UDC-number of the Universal Decimal Classification system
[15]. This system is however very complex and unusable for a person without
advanced prior knowledge. Also the large number of search options seems to
overwhelm the occasional user. From the average score of 45,2 percent we can
conclude that the usability of the system is unacceptably low[14].

Suggestable on the other hand, scored an average of 85,2 percent for the us-
ability. The participants were very positive about the system. They were most
impressed by the clear interaction mechanisms and the visual representation.
One remark on the system was the big gap between the clustering in the library
and the lack thereof in Suggestable. Figure 4 gives an overview of the aver-
age score on the questions of the System Usability Scale questionnaire of both
the scenario with as without the tabletop system. This clearly shows that Sug-
gestable scores better in each of the questions than the existing library system.
The user is clearly satisfied with the tabletop system and finds the effectiveness
and efficiency of Suggestable to be a big improvement over the original system.

7 Conclusions and Future Work

The goal of this work is to create a system that provides added value in the
scenario of doing research in a library. This goal has been clearly met as the



Fig. 4: The results per question of the SUS questionnaire for both the scenario
with and without the use of Suggestable.

SUS-score of Suggestable (85,2 percent) was significantly higher than the SUS-
score of the existing library search system (45,2). The overwhelming feedback
from both the users and the librarians in the library is also a clear indication
that this tabletop system can provide an improved experience of a library visit.
This case study has successfully followed several principles from the HCI world
to develop an interactive visualization system to help users in their sensemaking
processes. Several short iterations of end user involved evaluations have signifi-
cantly improved the application to grow into the final result presented here. A
demonstration video of the final implementation is available online4.

This result however can not be generalized without further investigation.
While the first part of the final evaluation was performed by a very heterogenous
group of participants, all participants of the second part were associated with
the computer science department. More evaluations at different types of libraries
can be performed to confirm the results in this study in a broader scope.

There are several ways to continue this work. As users have indicated, a
deeper integration of the already existing search functionality of the existing
library system, where no book has to be scanned, could further improve the
system. With the current version of Suggestable, when a book is not available
it is not possible to start searching from that book. Also the filter components
could be further refined and new filter components could help the users to find
useful related books more easily.

The system could also use personalization to be more effective. It could track
the behavior of the users and use other personal information, such as already
read books, to give personalized suggestions. Users could give specific feedback
to the system in terms of suggestions. This continuous feedback loop could refine
the suggestion results the more the system is used.

4 http://www.youtube.com/watch?v=A97AwOG1t-g



Working from a different perspective, such as integration of mobile devices,
also has serious potential. A user could for example send the results and their
physical location to a mobile device, which would simplify the navigation through
the library. This would also make it possible to continue reading a digital copy
at a different location.
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