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Figure 2: Categories that are used by professionals and
students for structuring notes.

Based on the results of our survey, we used the categories
ToDo, Contact, Memo, Date and Idea in our notebook
design. The category items are placed at the bottom of each
page (cf. Figure 3 (lef?)).

Figure 3: The NiCEBook design. Five checkboxes at the
bottom of each page allow tagging notes with categories (lef?).
An extendable sidebar offers space for defining topics (right).

To assign a category to a note, the user selects the
appropriate checkbox and then defines the area on the page
that should be included (cf. Figure 4).

Figure 4: Categories are assigned by ticking the according
checkbox (left), followed by the selection of two corners of the
region (right).

When ticking a checkbox, the pen is shortly vibrating as a
feedback to signal that the action has been recognized.
Since one requirement for our notebook design was to
minimize the interference of traces that are created by
actions other than writing on a page, the following selection
can be done by simply marking two corners of the bounding
rectangle with a point. However, it is also possible to use
more visible marks if desired. For example, one could draw
the corners of the selection rectangle for marking the two
points of a note instead of just two simple points. This
allows the user to visually highlight categorized regions.
Moreover, the checkboxes at the bottom/side of the page

can be checked with visible marks so that each page shows
the assigned categories. This helps to gain a fast overview
of the categories assigned on a page when browsing
through the notebook. We note that the degree of visible
tagging information can be defined by the user; this
provides the maximum flexibility, ranging from invisible to
clearly visible marks on the page.

Topics

In addition to pre-defined categories, notes can be classified
under a topic. Topics are user defined terms like project
titles or work packages. Since the topics are created by the
user on demand, we designed empty text areas where the
user can create new topics. Unlike the pre-defined
categories that exist on each page, topics are placed on a
unique expandable page (cf. Figure 3 (right)). The
corresponding checkboxes for the topics again exist on each

page.
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Figure 5: The number of entries from our online survey
concerning the amount of topics that are used in a notebook.

The number of possible topics that can be defined were
again derived from the results of our online survey. We
asked for the amount of different topics that were usually
managed in a notebook. Figure 5 shows that the most
frequently amount of topics used in a notebook ranges
between 1 and 10. Based on that result, we decided to offer
10 topics in the notebook that can be defined by the user in
our notebook. In order to create a topic, the title is written
in an empty textbox of the expandable sidebar. The
checkbox that is horizontally aligned with the topic on each
notebook page then refers to this topic. Selections are
performed like with the categories by selecting the specific
topic and defining the region with two corner points on the
page.

Dog-Ears

The results of our initial observation revealed that
sometimes whole pages were be tagged. Our notebook
design supports page-wise tagging through dog-ears. Dog-
ears are commonly used for marking pages in books. As
Rosner et al. [24] describe, the practice of physically dog-
earing pages is used for keeping track of ideas or even
pointing to particular words on a page. The advantage of
dog-ears is the simplicity of creating and removing them
without the need of any additional tools.



Moreover, dog-ears assist the searching for pages since the
physical modification of the dog-eared corner provides
haptic feedback when browsing through the pages of the
notebook.
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Figure 6: Creating a dog-ear by folding the page’s corner (a).
Registering the dog-ear (b) and deleting a dog-ear by
unfolding and cancelling (c).

To create a dog-ear in our notebook, the corner of a page is
folded like depicted in Figure 6 (a). The digital registration
of the dog-ear is done by stroking over the folded dog-ear.
The two different page IDs that are captured during the
dragging action over the dog-ear allow to identify the page
that should be tagged. For removing an existing dog-ear,
the corner is unfolded again and the digital dog-ear is
removed by stroking over the folded edge.

DIGITAL NOTEBOOK APPLICATION

Our physical notebook is synchronized with a digital
representation that offers additional functionalities. For the
digitalization, notes that are taken in the real notebook are
stored in the Anoto pen’s internal memory. This allows
using the notebook in a traditional way without the need to
connect to a digital application. For example, notes can be
taken while traveling or on the way to a meeting. The notes
are stored on the pen until the user explicitly transfers them
to the application. This happens through clicking on the
transfer icon that exists at the bottom corner of each page.
A single click transfers the pen’s entire storage to the
application. We developed the digital notebook in C# using
WPF for the visualization. The connection between the
Anoto pen and the application is handled via Bluetooth
using the OBEX file transfer protocol.

The functions we developed for the notebook application
implement the requirement to reuse notes. The results from
our online survey show that 98% of the professionals and
87% of the students are reusing notes from their notebooks.
The lower percentage of students might be caused by the
fact that a considerable amount of notes is related to courses
during a term. These notes are only partially reused after
the exams, eventually for follow-up courses or projects.

Since all notes are digitally available through our system,
we can offer different methods for accessing and reusing
notes. The basic approach is to flip through all pages and
search for notes. This method resembles the analogue
searching in the real notebook. In addition, the digital
notebook can be shown using different views, thus a note
can be searched in a specific view. An explicit search

function allows searching for keywords in the digitized
notes. Finally, we developed a basic interface that allows
transferring notes to external applications so that they can
be reused in different programs.

Notebook Views

One of the main advantages of a digital notebook is the
possibility to provide different views on the content. For
example, with conventional book bound notebooks it is
impossible to spread out the pages to gain a fast overview.
With the digital notes however, all pages can be easily
shown simultaneously. Moreover, features like zooming
into pages make use of the digital capabilities. Our current
prototype application provides four different views
including an overview of all pages, a category based view, a
selection of all dog-eared pages and a view of a single note
from the notebook.

Page Overview

The overview shows all pages that contain notes in spread
visualization with a zoom slider that allows adjusting the
level of detail. If notes on a page are tagged with categories
or topics, these are shown on top of each page. As Figure 7
depicts, tagged notes are additionally highlighted with
different colors for each category once the view is zoomed
to a certain detail level.
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Figure 7: Depending on the zoom level, tags are either shown
in list style on top of the page only (left), or with additional
feedback showing the tagged areas (right).

Category/Topic View

In the category/topic view, notes are collected according to
their tags. This filter shows an accumulation of notes
considering a specific tag. Like with the physical notebook,
the five categories (ToDo, Contact, Memo, Date, Idea) can
be selected at the bottom of the screen. All topics that have
been created in the notebook are shown on the right sidebar.
Since topics are user defined, they are represented as
buttons with the topic’s name in handwritten style. It is
possible to define sub-categories or topics within tagged
notes. Hence the user has the maximum flexibility for
tagging notes without the difficulty to keep a structure
during note taking in mind. For example, it frequently
happens that a contact, deadline or to-do is jotted down
somewhere in the middle of a longer note. In Figure 8, a
note is tagged as ToDo but it also belongs to a larger note
that is tagged as a Memo.



STATISTICS 2008

RCRUEST
DETAILS

Figure 8: Parts of already tagged notes can be tagged again
with a different category or topic. This allows assigning notes
to multiple tags.

Dog-Ear View

The dog-ear visualization summarizes all pages that are
tagged with a folded corner (cf. Figure 9). Dog-ear marked
pages are also labeled in the page overview with a digital
dog-ear.

Figure 9: Digital dog-ears mark pages that have been dog-
eared in the notebook.

The cancellation of physical dog-ears in the notebook
consequently deletes the digital dog-ears. Therefore, the
related page is removed from the dog-ear view collection
and the folded-corner is erased in the page overview.

Searching Notes

During synchronization, all notes are analyzed by an OCR
library. In the current implementation, we use Microsoft’s
NET InkAnalyzer. To search for a word, the application
offers a text field for entering the search term. The search
function browses through all stored words in the notebook
and returns the pages that contain the search term.
Additionally, the recognized notes are highlighted on the
pages. A similar approach can be found in InkSeine [8],
although they only support digital note taking instead of a
combined paper and digital solution that NiCEBook offers.

Transferring Notes

We implemented a simple interface for transferring notes to
other applications. By dragging a whole page (in the page
overview visualization) or a single note (in category, topic
or single note view), a copy is created that can be dropped
into applications. For example, notes can be included in an
email. As an alternative to the Drag&Drop exchange, we
support copying notes to the clipboard. The decision to
convert notes to images as exchange format is based on the
feedback we collected in our initial user observation and the
results from our online survey. Overall, 63% of the
professionals and 50% of the students stated that they
would regularly transfer notes from their notebook to digital
applications. However, the range of applications they use

for managing their notes is broad. We found a preference
for the Microsoft Office palette (including Outlook, Word,
Excel and OneNote) but a much larger number of different
proprietary online tools such as Wiki systems and shared
timetables as well as graphic suites (Photoshop, InDesign,
Ilustrator). These results suggest that it is difficult to offer
a solution that satisfies the requirements of the average
user. For that reason, we decided to provide a general
interface that does not restrict the transfer of notes to a
specific application.

EVALUATION

In order evaluate the usability of the NiCEBook design, a
first user study has been carried out. The study focused on
the categorization and selection of notes including the
impact of the tagging mechanism on the note-taking
process. In particular the study aimed to answer the
following questions:

1. How does the tagging mechanism of the NiCEBook
perform?

2. Does the tagging mechanism alter or hamper the note-
taking process?

In order to identify adequate benchmarks, we compared the
NiCEBook with the commercially available ioTags. In
comparison to the ioTags, we assumed that:

a) the NiCEBook would perform better than ioTags
regarding the correct recognition of the categories
selected as well as the selection of the note text or
image,

b) the tagging mechanism supported by the NiCEBook
would be judged at least as easy to use as ioTags,

c¢) the tagging mechanism supported by the NiCEBook
would be judged as more natural and less disruptive
than the ioTags.

Method
Twelve participants, recruited from the local university,
took part in this study. There were two females and ten
males between the age of 22 and 35 (M=27.5, SD=4.0).
Three participants had never worked with an Anoto pen
before.

With both techniques (NiCEBook and ioTags), participants
were asked to carry out six successive note-taking tasks.
The technique/task assignments were counterbalanced. The
tasks included the creation of a Shopping list, a ToDo list, a
Sketch, and a Calendar entry as well as the subsequent
addition of a ToDo item to the existing list, and the addition
of a Memo to the Sketch. The tasks were chosen based on
the analysis of notebook entries in the study on user
notebooks reported in the beginning of the paper as well as
the categories provided by the NiCEBook and the ioTags.
Tasks with subsequent additions to existing notes were
introduced to simulate successive note-taking behavior.
Participants were briefly introduced to the two notebook
systems ahead of each treatment and spent about 15
minutes on each treatment condition.



Data collection included observation of participants during
the note-taking exercise, analysis of the notes taken (visual
inspection and test whether the notes are correctly
recognized by the corresponding software) as well as
interviews with participants after each treatment. Interviews
focused on participants overall impression as well as ratings
of the ease of use of the tagging mechanisms and their
confidence in the correct recognition of the category chosen
and the proper selection of the corresponding text or image.

Results

In order to assess the performance of the NiCEBook
tagging mechanism, we compared error rates with those of
the ioTags. Besides the selection of the correct tag in the
notebook, we distinguished between the software
recognizing the correct category and the correct selection of
the corresponding text or image. Regarding the latter, we
counted a selection as incorrect if words or lines were
partially or totally cropped. With both techniques, all
participants tagged all notes in the notebook correctly
throughout all tasks. In case of the NiCEBook, on average
5.0 (SD=1.41) out of 6 tags have been recognized correctly
and on average 4.17 (SD=2.29) out of 6 notes have been
selected correctly. With ioTags, on average 4.0 (SD=1.21)
out of 6 tags have been recognized correctly and on average
2.42 (SD=1.62) out of 6 notes have been selected correctly.
In both cases the differences in error rates are significant
and in favor of the NiCEBook (#(11)=2.10, p <0.05 and
t(11)=2.47, p<0.05, respectively). Figure 10 depicts the
number of correctly recognized notes for each task.
Analysis on task level revealed that the selection of notes
with the ioTags was particularly error-prone in cases where
multiple items in a list had to be tagged or where notes were
more complex as in the case of an annotated sketch. In
these cases only 30% of the selections were made correctly
with the ioTags.
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Figure 10: With the NiCEBook, a significantly larger number
of notes from each user per task were correctly recognized
than with the io7ags.

All in all, participants assessed both techniques as easy to
use. While all participants rated both the selection of a
category and the selection of the corresponding note as
‘easy’ or ‘very easy’ with the NiCEBook, 11 out of 12
participants rated the selection of a category with the
ioTags as ‘easy’ or ‘very easy’ and 10 participants assigned
the same rating to the selection of the corresponding notes.
Statistical analysis revealed no significant difference

between the ratings. Despite the overall positive ratings,
75% of the participants reported that the overall tagging
procedure with ioTags was more difficult than using the
NiCEBook. The main reasons purported by the participants
were the need to reserve sufficient space for the tags as well
as problems in making additions to an already existing note
with the ioTags. Figure 11 depicts these differences of
structuring notes with both systems.

Figure 11: Page examples from the user study. The notes were
structured on a single NiCEBook page (/eff) and on two ioTags

pages (right).

To assess whether the tagging mechanism has an impact on
the overall note-taking process, we analyzed the data
obtained from the interviews as well as the filled in
notebooks itself. The main drawback regarding the ioTags
is the need to organize notes in one column per page as
otherwise the tagging mechanism does not work properly.
In line with this restriction, seven participants complaint
about the fact that they could not use the available space
efficiently and/or flexibly. In contrast, the fact that the
NiCEBook does not provide an indication of the category a
note has been assigned to has only been mentioned as a
possible drawback by one participant. While the latter
finding might be due to the task assignments provided,
which did not ask participants to search their notes for a
particular type of note, it might also be due to the fact that
many users add headings to their notes independently of the
tagging. In fact we found that five out of twelve participants
added headings to their note spontaneously even though it
has not been asked for in the assignment.

CONCLUSION & FUTURE WORK

With the NiCEBook, we have shown a prototype paper
notebook that combines the analogue quality of note-taking
on paper with the digital capabilities of structuring and
reusing notes. It supports organizing notes through multiple
tagging options, including marking of whole pages with
dog-ears. Our design is based on an initial observation
about note-taking habits and an online survey for further
refining specific parameters.

In order to evaluate the usability of the NiCEBook design,
we carried out a first user study where we compared it with
the commercially available ioTags. The results provide
evidence that the selection technique used in NiCEBook
outperforms ioTags in terms of error-proneness. Moreover,
the flexibility of taking notes and tagging with invisible or



visible tags in NiCEBook was positively accepted.
However, our study did not investigate searching for tagged
notes in the notebook. But we could already observe
strategies of additionally marking tagged regions with
headings, although our participants had to manage only six
different notes. Based on this observation, it would be
interesting to further explore this behavior.

Moreover, for a system that should be really used for daily
knowledge work activities, the error-rate of recognizing
selected notes is still too high. Thus, we aim at improving
the feedback capabilities of our system. Furthermore, we
plan to extend the interface to other applications and to
develop a web-based version in order to generalize the
access to the digital notebook. After implementing these
features, we are looking forward to deploy the NiCEBook
to a larger number of people and investigate the
applicability of our solution. This will lead us a step further
towards the efficient management of notes in an
environment that relies on the coexistence paper and digital
information.
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