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Kurzfassung

Jeden Tag werden in Büros zahlreiche Informationen beiläufig auf Papier
niedergeschrieben. Viele dieser Notizen enthalten wichtige Inhalte wie zum
Beispiel Kontaktdaten oder Aufgaben. Um eine lange Lebensdauer von be-
deutungsvollen Informationen zu gewährleisten, werden diese meist mühevoll
durch manuelle Eingabe der Daten in Informationssysteme übertragen und
so digitalisiert. Diese Arbeit befasst sich mit der Optimierung dieses Pro-
zesses und präsentiert Design und Implementierung von PECAN. PECAN
verarbeitet handgeschriebene Notizen und ermöglicht deren selektive Digi-
talisierung, automatische Kontext-Klassifizierung und Integration in digitale
Systeme. Die Resultate einer Benutzerstudie zeigten eine signifikante Ar-
beitserleichterung und Leistungssteigerung im Vergleich zu einem manuellen
Eingabeprozess.
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Abstract

Casual note taking is an everyday office chore. While these notes oftentimes
contain important information like contact details or to-dos, they do not have
a long lifespan, since people prefer to manage important information in their
digital information tools. Therefore, notes have to be captured, which can
be cumbersome for users. This work presents design and implementation
of PECAN, a tool to support selective digitization and automatic context
classification of handwritten notes, to simplify and speed up the process
of note capturing. An evaluation showed a significant workload reduction
and performance improvement for digitizing notes compared to manual note
handling.
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Chapter 1

Introduction

Digital technologies and conventional paper are both part of our daily office
environment. Our computers are providing us with huge advantages through
work efficiency, fast searching, cheap archiving, automatic organization, and
easy distribution to mention the most common. However, people still like
paper for many note-taking situations, e.g. casual note taking, because of its
unique affordances. Paper is cheap and provides fast and flexible interaction.
It does not run out of battery, it is always at hand and does not require any
formalities. There are also approaches to design paper-like devices, e.g. by
introducing E-Ink Paper [8], which is sharing affordances of paper and the
digital world. All these devices can be used for casual note taking in an office
workspace. Those notes are usually jotted down on paper while handling a
phone call. Unfortunately, they have a rather short life span. Still, they may
contain important information (e.g. contact details or appointments), which
users might want to process selectively. Digitizing important notes can be
very time-consuming and cumbersome. Usually, users have to copy notes by
hand and enter the information in e.g. a Personal Information Management
(PIM) Tool [3]. An alternative approach is to take a picture of the note with
e.g. a smartphone (probably multiple times because of bad image quality),
transfer the picture to the computer, select the important information and
somehow integrate it in the PIM Tool. Both ways are far from optimal and
are therefore increasing the gap between physical and digital world. Our
motivation was to build a bridge and use the advantages of both worlds by
automatically integrating notes in the personal digital environment as shown
in a first mockup (see Figure 1.1).

1.1 Importance of Paper

The medium paper is all around and an integral part of today’s office environ-
ment, even though in 1975, George E. Pake (Head of Xerox Parc) predicted
the Office of the Future being paperless [36]. He assumed this, because of

1
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contact details 
detected name: John Snow

mail: john@snow.com
address: Toronto

show
add

Add Contact

1

3 4

2

Figure 1.1: The main motivation for this thesis was to use the advantages
of ordinary paper and combine it with digital advantages. Analog content
should be digital available at the same time. (1) Note taking situation in
the office, (2) contact details are jotted down, (3) a notification appears (4)
contact can be added immediately.

the increasing use of computers and the gradual replacement of paper work.
Ever since, many attempts have been made to fully replace the functionality
of paper with digital tools or improve it by changing e.g. font size, font color,
text arrangement, or adding full text search features. Even though computer
technology was supposed to replace paper completely, this revolution in office
life never occurred, in fact the use of paper is still raising [11].

In 2002, Sellen and Harper examined the current influence of paper on
office work. They argue that paper is still persistent, due to many advantages
for certain cognitive tasks over computers. The flexibility of paper is offering
unique affordances and enables specific kind of use [29]:

Paper is still an important medium in work because it is better
suited than many current technologies for certain tasks.

Paper is tangible: we can pick it up, flip through, make a book, read it,
annotate and scribble on it while we read. They say that the introduction
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of new digital technologies, does not get rid of paper, it just alters the way
in which it is used [29]. A group of researchers stated that the usefulness
of paper lies in creative things, e.g. for brainstorming activities, making an-
notations and face-to-face communication [9, 11]. Paper is a poor medium
for archiving information, because it takes up much space and is hard to
search. After the expression of ideas as a scribble, the note usually becomes
worthless. As a solution to this paper problem Sellen and Harper suggested
not to use less paper, but to keep less paper. This approach leads towards a
combined use of paper and the personal computer [29]:

Rather than pursuing the ideal of the paperless office, they should
work toward a future in which paper and electronic document tools
work in concert and in which organizational processes make the
best of both worlds.

Given these affordances of paper, we were motivated to use them to-
gether with the possibilities of fast digital processing, to create a tool, which
enhances the user experience and supports people with their office work.

1.2 Semantic Web

The World Wide Web provides loads of data in form of images and text. Most
of this data is freely available for the public. According to Tim Berners-Lee
most of the Web’s content is designed human-readable and not machine-
readable [41]. The semantic web is a concept to turn the web into a universal
library [40]:

The Web is huge but not very smart. Computer scientists are be-
ginning to build a ‘Semantic Web’ that understands the meanings
that underlie the tangle of information [...]. The idea is to weave
a Web that not only links documents to each other but also rec-
ognizes the meaning of the information in those documents - a
task that people can ordinarily do quite well but is a tall order
for computers, which can’t tell if ‘head’ means the leader of an
organization or the thing on top of a body.

The key to the use of semantic web is, to present information in a familiar
and intuitive way for users, structured humanly-readable and not in the
underlying model data [26]. Therefore the semantic analysis process is used to
create machine-readable content, which should be transformed to be readable
for humans again later on. The web offers an endless pot of information,
which can be used for further data processing, e.g. to spell check names,
mail addresses, websites or addresses. Semantic analysis is just the starting
point of exploring the opportunities of the automated and supporting World
Wide Web.
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These advantages of the endless knowledge of the World Wide Web were
encouraging us to create a seamless user experience. Notes are semantically
analyzed to assist users by automatically making content machine-readable
and to display it in familiar ways.

1.3 Contributions

The main contribution of this work is the development of PECAN (Personal
Extraction of Context from Analog Notes), a tool to support users when
taking casual notes. PECAN captures notes selectively with a digital pen
during their creation. Then the contents are processed using handwriting
recognition and semantic analysis. According to the results of the semantic
analysis, multiple opportunities for further managing the noted information
within PIM Tools are suggested. Our empirical evaluation showed significant
performance improvements when digitizing casual notes compared to the
traditional workflow of manual copying notes.

1.4 Outline

The structure of this thesis is given in the following. Chapter 2 summarizes
all background information that was gathered to get a better understanding
of the topic. Related work, regarding pen and paper interfaces and smart
interpretation of notes, published by other researchers is presented.

For digging deeper into the topic and getting an idea about the use of
paper in an office environment, several office clerks were interviewed. These
results are presented in Chapter 3, along with design goals and first concepts
for the project. Based on the background knowledge, PECAN is presented in
Chapter 4, giving a good insight into the necessary steps to convert analog
notes into smart digital information. Further details on hardware and the
technical implementation process are covered in Chapter 5. Especially the
core functionality, the interpretation process of notes is explained in detail.

To evaluate the performance of PECAN, a within subject design study
was conducted with sixteen participants. The experimental design is pre-
sented in Chapter 6. The results demonstrated accurate performance with
an error rate less than five percent. The comparison of PECAN with a tra-
ditional digitizing process showed encouraging statistical significant results
for the overall workload and for trial completion times of the adding process.
Qualitative and Quantitative results are all presented in Chapter 7. Finally,
Chapter 8 gives a conclusion about this thesis and presents future work.



Chapter 2

Related Work

For this thesis we investigated in previous research in the area of pen and
paper interfaces and semantic interpretation of short notes. The collected
background knowledge is presented in this chapter.

2.1 Pen and Paper Interfaces

Numerous pen and paper applications try to bridge the gap between paper
and the digital world. Several digital pens are available from both commer-
cial and academic products. One well-known solution are ultrasonic pens
[19]. The advantage of this solution is that any kind of paper can be used. A
disadvantages is the problem of manually calibrating the paper and indicat-
ing page change. Graphic tablets are capturing pen input, using induction.
The most common technology is provided by Wacom1 and does not nec-
essarily need paper. This approach offers very high resolution, but has the
same disadvantages as the ultrasonic pen on how to distinguish multiple pa-
per sheets. Another technology provided by Anoto2 tracks the pen with a
camera on paper impregnated with a special dot pattern to identify the cur-
rent position of the pen. This solution faces the problem of multiple paper
handling, and was therefore chosen for further usage in this project. Most
of the commercial applications for these products lack of an easy workflow.
They do not provide automatic synchronization with tools for processing or
they are fixed to a predefined page layout as e.g. the Anoto Livescribe Pen3

or a tagging system as with Logitech’s ioTag4. The provided software clients
are typically standalone and do not offer an easy integration into required
applications.

However, these technologies are used a lot in pen and paper interface
1http://www.wacom.com/
2http://www.anoto.com
3http://www.livescribe.com/
4http://www.logitech.com/en-us/support/963?crid=401

5
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research. For example Mistry et al. [24] presented Quickies. Quickies is a
project about intelligent sticky notes that can be searched, located, and can
send reminders and messages. Mistry refers to sticky notes as an everyday of-
fice tool for reminders, to-do lists and contact information. The handwritten
notes should link and combine physical and digital information. The informa-
tion stored on the sticky notes are analyzed using artificial intelligence tech-
niques and can be integrated in Personal Information Management (PIM)
Tools afterwards. The Quickies project is great in terms of how information
is digitalized and processed afterwards. For our project, we seek for a similar
fluid transition between the paper based note and further processing steps,
while considering more the actual user interaction steps and integration into
PIM Tools. Another approach using Sticky Notes are the ‘Move-it Sticky
notes [25]’, which are providing physical feedback through an enhanced pa-
per clip. Move-it uses a predefined form to analyze content, in contrast to
our project, which is aiming for informal content analysis.

ButterflyNet [39] was using Anoto’s technology to capture notes and
integrate them into digital photographs. The notes are capturing facts and
reminders as well as observation studies. The notes are later displayed in a
digital browser. This work was inspirational, because of the linked contents
and the note organization techniques used. However, this approach does not
support context-based recognition.

Outpost [18] is a tool to physically annotate website information on a
white board, using sticky notes. Their approach is to offer freeform sticky
notes, which are analyzed using computer vision techniques. The extracted
meta data is used to link the note information to the website on the white-
board. Freeform is also aimed for our project. However, our project does not
annotate existing documents, but is used for writing down context free short
notes.

Besides these brief information pieces on sticky notes, others like Pa-
perPoint [30] or Papiercraft [21], focus on annotating on paper. They are
interacting with paper by tagging already existing documents on paper. A
gesture based command system is used to create formal annotation, to in-
teract with the document and describe its content. Papiercraft offers several
pen gestures for tagging document passages with predefined or freely chosen
keywords and for creating hyperlinks [33]. In contrary to this, our project
does not focus on tagging and managing printed document, but its providing
a form free environment that is not restricting users to a certain document.
In contrary to Papiercraft, NiCEBook [5] offers a notebook for natural note
taking that especially supports long term note taking (e.g. for meetings).
The created content can be categorized, before or after writing down notes,
by selecting an area and ticking on a paper checkbox to define the category
it belongs to. NiCEBook itself depends on the categorization of the users
to further process the notes, our approach is to automatically interpret the
content and offer users several possibilities to interact with the already pro-



2. Related Work 7

cessed content. The content selection for PECAN was also inspired by the
NiCeBook approach.

2.2 Semantic Tools

To provide the note analyzer with a context-sensitive recognition, we used
syntax and semantic analysis. A related project is Sticky Notes for Semantic
Web [16]. It is a tool that supports users to link their documents, e-mail
messages, appointments, tasks and other information through annotation. It
creates a natural language understanding system to analyze the contents and
to provide machine-readable information, building upon semantic web stan-
dards. It is using the RDF (Resource Description Framework) Data Model
to represent the modeled annotation ontology. Relevant documents can be
located and recalled through analysis. Our project will not deal with creat-
ing ontologies, but rather use available semantic tools in combination with
analog notes and furthermore preprocessing the contents for the user.

Jourknow [37] is another tool to structure notes and add them auto-
matically to a PIM Tool. To identify the content, Jourknow provides three
different methods to analyze text patterns. First a simple syntactical form,
like regular expressions, then a recursive descent parsing5 and at last a No-
tation3 logic6. This project also has similar aspects in project requirements
by analyzing content to further process it in PIM Tools, but the semantic
analysis is done by an available API, accessing endless information available
on the World Wide Web.

5http://www.cs.engr.uky.edu/̃lewis/essays/compilers/rec-des.html
6http://www.w3.org/DesignIssues/N3Logic



Chapter 3

Method

The design process of the project can be dissected to five steps of design
thinking developed by ideo1 (Empathy, Define, Ideate, Prototype, Test) fol-
lowing the basic process of Define—Design—Refine. At first we tried to frame
the main problem of handling analog notes in a digital environment, by inter-
viewing several office clerks about their casual note taking behavior, which is
discussed later on in this chapter and by digging into related research areas
as in chapter 2. As next step we started the definition of the project outlines,
the design goals and specified features, followed by the ideation phase, which
are both discussed in this chapter. We further developed a paper prototype
to test the intended workflow of the application and improve it.

3.1 Empathy

The whole idea of this project was born during a discussion about the use
of paper in our digital office environment and furthermore the integration
of digital devices such as a digital pen. We wondered why it is not better
integrated in our everyday life. Some researchers knew from experience that
the usage of a digital pen lasted approximately a couple of days until they
stopped. One of the main problems of the digitized notes was that it did
require a lot of effort from the user, because it just offered a plain facsimile
of the analog note and no further processing. Often it was easier, just to
retype the information, than to copy the digital information to the required
program. Thereupon, we did informal interviews with three administrative
employees of our university to get a better understanding of how they use
their office space and how we can support them in their note taking behavior.
All interviews were given in German and translated for this thesis in English.

Even though they all use the computer as the main medium for their
work, paper is still all around in their office space. They use notebooks, post
its, plain sheets, and pads, which are all made of paper, as tools to support

1http://www.ideo.com/about/

8



3. Method 9

them while doing their job. They reported the regular notation of casual
notes on paper, in particular contact details, appointment information and
to-do lists, while they are answering a phone call or a face-to-face conversa-
tion.

The interviewees all stated that they usually tend to keep analog notes for
archiving or to have them visible on their desktop for reminding. Participants
stated the following:

I still have my desk calendar because if I am not on my desk I
do not have the information right in front of me. Sometimes I
have 25 things open, and then the reminders are getting lost on
my desktop. So I still prefer paper for this. – Interviewee 3

I keep the paper notes, because I always have in mind that if I do
not have my computer with me, nor internet available, I will still
have access to the paper note. – Interviewee 2

However, they also store casual notes in digital Personal Information
Management (PIM) Tools, according to their importance and if they will
need the information later on.

Usually I write down appointments on my desk calendar and add
them to my digital calendar as well. – Interviewee 3

I only digitize my notes selectively, depending on how important
they are and if I will need them later on. - Interviewee 1

Furthermore we asked the interviewees for samples of their casual notes,
which are presented in Figure 3.1. The samples are clearly showing very
short notes with only relevant information on contacts, appointments or to-
dos, which were not explicitly labeled. The office clerks used arrows and lines
to create a connection between the notes or to separate them.

3.2 Definition

As part of the process we started to define the project outlines together
with the main goals and the specified features as presented in the following
subsections.

3.2.1 Outlines

The main concern of the project was to support users in their natural be-
havior by enhancing their note taking workflow in an office environment.
Since paper is still available in the office as a main medium for work, and it
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Figure 3.1: Note samples of the three office clerks. Personal details were
blurred.

has a great range of affordances, we wanted to combine it with the personal
computer and to bridge this gap between the two media.

We wanted to provide a fast and easy way to digitize analog notes directly
from paper to digital devices. Since there are multiple opportunities how to
do so, we wanted to have as less effort as possible for the users, by directly
using their input on paper and analyzing it. Furthermore by recognizing
the content of the note and the context as well. The initial idea was that
users write down notes about e.g. contacts or messages and this content
is immediately interpreted and sent to their PIM Tools like e.g. Microsoft
Outlook or Apple Mail (see Figure 4.1). This gives users the possibility to
interact directly with their analog notes on a digital device without having
the effort to transfer the notes themselves.

One of our inspirations was the Apple Mail application (Version 6.5)2.
They did a great job in terms of smoothly integrating appointment or con-
tact details into the Contacts and the Calendar application. By only hovering
contact or appointment details in an e-mail, a pop-up menu appears, sug-
gesting to add this information to PIM Tools. Inspired by this we created
some design goals, described in the following section.

3.2.2 Design Goals

Before starting with a specific interaction concept and screen design, we
defined the main design goals. For this process 4 design goals were determined
providing rough outlines for further developing an overall application design:

1. fast and fluid interaction,
2. formless,
2http://www.apple.com/de/support/mac-apps/mail/
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3. automatic context recognition,
4. integration in standard desktop applications.
First of all the requirement for fast and fluid interaction is claimed to

create a smooth workflow, which is fully supporting the users needs. Another
important goal was creating a formless pen and paper interface. This is an
essential part for user interaction, because people are not used being bound
to predetermined areas, where certain input is expected. Instead people are
doodling notes on paper in every possibly way as shown in Figure 3.1 For this
approach, we also need an automatic context recognition to give the users
a proper suggestion of what can be done with the note, instead of requiring
users to tag notes according to their content as it is done for example by the
NiCEBook [5]. Furthermore, the smooth integration of the context sensitive
notes in standard desktop applications should be provided. It should offer
direct access to PIM Tools and not being a standalone application, which
requires users again to copy paste the note from one program to another.

3.3 Ideation

During ideation phase, PECAN was formed, and related by scribbling sketches
and designing user interaction. Some sketches of the ideation process are re-
produced in Figure 3.2. The sketches are showing a gradual evolution of the
project. The first scribbles are showing a rough idea and necessary compo-
nents, especially selection techniques and the actual technical workflow. The
next step of scribbles are already showing desktop integration and a basic
look of the application, as well as the relevant actions for each note type. In
case of the contact, appointment, and to-do note type we decided to forward
and save them to the users PIM Tool. The message note types should send a
message on demand to the recipient. However, the scribble note type offers
the possibility to either save the scribble or to forward it via e-mail. Our
target was to offer users multiple supportive interaction possibilities with
the note. For our design it is important that the content can be processed
selectively. In the case of casual notes, they should only be digitized if they
are important, since a lot of the quick notes are dumped later on. For this
we thought about different selection techniques and decided to use the snap-
shot technique, were we only tag the bounds of the note as inspired by the
NiCEBook [5]. On the one hand this selection technique is fast and easy to
apply for the user, on the other hand, the bounds are rough and the risk of
selecting other note contents is high. This selection technique allows users
to process notes asynchronously after creation, which we think is important
especially for casual notes, since they might be performing a different task
(e.g. handling a phone call) while taking the note.
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Figure 3.2: All basic workflow sketches were doodled beforehand, as well
as the graphic design for the application. The sketches on top are showing
the first ideas, connections and functionalities of PECAN. The ones on the
bottom are displaying the first look and feel ideas on the actual application
on the desktop PC.
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Figure 3.3: A first paper prototype was developed representing a notifica-
tion and the various interaction steps.

3.4 Prototype and Evaluation

Furthermore we created a paper prototype to gain a general idea of the
interaction techniques. The prototype in Figure 3.3 shows an early stage of
PECAN. Later on we decided to have small notifications for less disturbance
in the users work. We decided to only show a facsimile of the real note, so that
users can distinguish between multiple notes, if he had selected more than
one, and also to remind him later on, what note it is. The note is displayed
at the same location as on the paper, to give users a direct reference to
the note. By clicking at the notification further interaction details should be
displayed in one window, giving easy possibilities to switch from one note
type to another.



Chapter 4

Application Design

This chapter includes the design and functionalities of PECAN. PECAN is
a tool to support users in their natural note taking behavior by enhancing
the current workflow of digitizing notes. It is capable of selectively analyzing
casual notes and smart classification within Personal Information Manage-
ment (PIM) tools as depicted in Figure 4.1. To demonstrate the flexibility
and versatility of PECAN, we have designed and implemented the process-
ing of five different note categories (contact details, appointments, messages,
to-dos, scribbles).

Contact Appointment

Create

Message To

First Name John

E-Mail john@snow.com

Mobile 0650 566678

Address Toronto

SnowLast Name

create content
check and 

5

Analysis 
complete

receive
notification

write note

4

1

select note

use in PIM-Tools

6

32

 
selection mode

activate

Figure 4.1: User interaction workflow in PECAN. After writing a note
(1), users activate selection mode (2). Next, a note is selected (3), which
triggers handwriting recognition and semantic analysis (4). Once the result
is accepted (5), it is added to the PIM tool (6).

14
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4.1 The PECAN Workflow

PECAN offers a simple and supportive way to add casual notes to digital
PIM tools. For this we elaborated a workflow starting at capturing the notes
on paper, interpreting the strokes, analyzing semantic contents and prepro-
cess them for the user. PECAN is an approach to combine advantages of
the physical and the digital world. Detailed description is given in following
sections.

4.1.1 Note Capturing

Writing casual notes is as convenient and familiar as with traditional pen and
paper. The use of a digital Anoto Pen has enabled this in combination with
paper that is covered by a unique dot pattern to track the position of the
pen on paper. Even though pen and paper look and feel normal, they contain
enhanced technology, providing abilities to convert ink to digital data. This
data is transferred via Bluetooth to the PECAN desktop application. The
digital capturing of the notes is processed in the background. Up to this point,
there was no difference to ordinary note taking for the user. A bounding
rectangle is created, by tipping with the pen into the selection mode area, and
by further marking two corners on paper. All content within this rectangle is
sent to the desktop application for further processing. PECAN emphasizes
selective analysis. Not every note doodled on a piece of paper is worth to be
further processed, especially in the case of casual notes.

4.1.2 Content Processing

The processing of the content is the core component of PECAN. Usually,
when notes are digitized, users choose a suitable application and retype the
contents along the application’s form requirements. This manual digitizing
part is fully covered by PECAN. The first challenge is to classify the note type
correctly in order to suggest the appropriate application. Secondly, to assign
the information scraps correctly to the predefined forms of the PIM tools.
To accomplish this, we reversed the natural workflow as presented in Figure
4.2 (a) and developed the note analyzing workflow as presented in Figure
4.2 (b). At first, the text is converted from the digitally transferred strokes
using Microsoft’s Handwriting SDK1. The text is then processed and ranked
applying intelligent context-based rules. These rules are defined within the
semantic online engine, Open Calais2. We further enhanced the analysis,
with simple syntax rules to provide better context recognition. According
to these results we defined the most suitable note type and displayed the
information in a preview of the PIM tools.

1http://www.microsoft.com/en-us/download/details.aspx?id=22557
2http://www.opencalais.com
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Doodle choose application retype

Addressbook ...
Calendar

(a)

Doodle Text Entities

Contact - App

Appointment - App

.... - App

(b)

Figure 4.2: (a) A visualization of how notes are currently digitized. First
they are doodled on a piece of paper, then an application to transfer is
chosen, furthermore the content is retyped and saved. (b) PECAN digitized
notes similar. First the note is interpreted as text, and the semantic matter is
analyzed, resulting in assign entities for each note scrap. The note is further
processed and pre filled in the form. Users only have to confirm the action
after analyzing.

4.1.3 Notification

After the content was written and selectively analyzed, a notification ap-
pears in the top right edge of the primary screen, showing a small version
of the actual note. By clicking on the notification the analyzed content is
revealed, showing the notes classification suggestion. Switching to another
note type can easily change the classification. The note can be added to PIM
tools, directly opened by the suggested PIM tool or copied to the clipboard.
After a confirmation, the note is synchronized with the integrated PIM tool
Microsoft Outlook. Further implementation details are discussed in Chapter
5.

4.2 Supported Note Types

PECAN currently supports five different note types. They were chosen to
cover the basic casual note taking scenarios in an office environment [6, 17].
The focus was mainly on textual input, but we also included the scribble note
type to cover not identifiable note types. A note is consisting of multiple com-
ponents (name, location, date, time, etc.). The components are classifying
the note type. Further details about the classification process are discussed
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Contact Appointment

CancelCreate

Save as

Options

ScribbleMessage ToDo

Recipient Recipient

NoteBody

SubjectSubject

321

Figure 4.3: Scribbles can be either saved as an image or forwarded via
e-mail.

Contact Appointment

CancelCreate Options

ScribbleMessage ToDo

Subject Buy milk and eggs!

NoteNote

Due Date 00  :  0015

321

Figure 4.4: To-Dos can immediately be saved to the To-Do List.

in section 5.3.5. These five note types are discussed in the following:
• Scribbles are usually rough sketches used to illustrate ideas or rela-

tions. This note type preview application offers the options to save the
image to the hard drive or distribute it via e-mail (see Figure 4.3 for
exemplary scribble processing).

• The To-Do note type is intended to cover all textual input in the form
of tasks or reminder. Notes can directly be added to a task list, provided
by Microsoft Outlook (see Figure 4.4 for exemplary to-do processing).

• Messages usually have an e-mail address or a telephone number or
an already existing contact name and an actual message. Currently
a message can only be send via e-mail (see Figure 4.5 for exemplary
processed message).

• Contact notes cover basically all personal details about a person or a
company. Contacts are saved to the address book (see Figure 4.6 for
exemplary contact processing).

• Appointments are depended on date or time. Upcoming events are
usually scheduled for future events and added to the Calendar (see
Figure 4.7 for exemplary appointment processing).
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Contact Appointment

CancelCreate Options

ScribbleMessage ToDo

To sue@web.de

Frisbee at 7pm?Subject

BodyBody

CCCC

321

Figure 4.5: Written Messages, can be send via PECAN, using e-mail.

Contact Appointment

CancelCreate Options

ScribbleMessage ToDo

First Name Sam

NoteNote

E-Mail

Website Website

E-Mail

Mobile 0684 3978698

Address Address

BMW GroupCompany

WhiteLast Name

321

Figure 4.6: Contacts are added to the address book.

Contact Appointment

CancelCreate Options

ScribbleMessage ToDo

Subject Dentist!

Location

NoteNote

Location

Due Date 09.05.2014 14  :  0015

321

Figure 4.7: Appointments are directly added to Microsoft Outlook, enabling
reminding and schedule planning.

4.3 Affordances of PECAN

Improving workflows and finding ways to save time and money are always
an important issue in a modern office workspace. PECAN is giving a good
insight of what is possible in the research area of pen and paper interfaces.
This approach combines the affordance of the physical world of paper with
numerous digital ones. Additionally, PECAN provides a number of unique
affordances:

• familiar and easy process to capture notes through handwriting with
conventional pen and paper,

• freedom of writing notes without using formalities,
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selection mode

selection mode

selection mode

selection mode

Figure 4.8: PECAN Paper.

• selective choice of notes,
• automatic context classification,
• automatic completion of forms,
• easy integration into PIM tools.
Furthermore, the flexibility of the system offers a lot more options than

currently available. PECAN is about intelligent analysis and interpreted con-
tent focusing on casual notes in an office workspace. However, this can be
easily expanded for mobile usage, creating and even more powerful personal
assistant. PECAN can be utilized with any paper tool e.g. by supporting
synchronization of an analog standing calendar with PIM tools, sharing cre-
ative ideas with friends using e-mails or social networks, creating a protocol
of notes in a personal paper book, etc. To go even further, it can be used to
interpret personal gestures and carry out tasks like making a reservation in a
restaurant, ordering food from a grocery store according to a list, forwarding
information or files to partners, etc. In conclusion, PECAN is a promising
tool, which is supporting people in their natural environment and removes
workload through automatically integrating their casual notes in their digital
tools.

4.4 PECAN Graphic Design Elements

For PECAN a logo was developed illustrating the transfer of analog data to
a digital receiver. This logo was part of the PECAN paper design used for
the User study (see Chapter 6). The paper has a size of DIN A4 and has
the proprietary Anoto pattern, the logo and a visualization of the selection
mode button imprinted (see Figure 4.8).



Chapter 5

Implementation

This chapter provides an overview over the technical workflow implemen-
tation of PECAN. It gives a detailed description of the deployed hardware
as well as implemented software and additional third party software compo-
nents. The code samples presented in this chapter are all part of our project
work on PECAN. The project is fully functional, but the code displayed may
not be fully executable.

5.1 Overview

In Figure 5.1 the basic technical workflow of PECAN is displayed. At first
user input is created using a digital pen. These notes are transferred and an-
alyzed using Handwriting Recognition and a Semantic Web API. The notes
are classified according to the results of the entity extraction by applying
simple rules. The final content is displayed in a preview application for edit-
ing and further processing purpose. The project was developed using C#
and Microsoft Visual Studio 2010.

Contact

Subject Meeting Supervisor

NoteNote

BerlinLocation

Appointment

Create Options

ScribbleMessage ToDo

Due Date 18.04.2013 18  :  3015

Date: April 18
Time: 18:30
Location: Berlin
N/A: Meeting Supervisor

1 2 3

Cancel

Input Processing Output

Figure 5.1: Simplified workflow procedure of PECAN. (1) Content is written
on a piece of paper using a digital pen. (2) The note is then processed using
handwriting recognition and semantic analysis. (3) The note is seamlessly
added to PIM tools.

20
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• Input: The PECAN Input Manager captures the information pro-
cessed by a digital Anoto pen during annotation. The movement of the
pen is registered across the paper, which has a unique dot pattern to
locate the position of the pen. The input events are forwarded to the
stroke analysis for further processing. Input handling is described in
detail in Section 5.3.1. The selection of notes on paper is furthermore
described in Section 5.3.2.

• Stroke Analysis: The strokes are analyzed using Handwriting Recog-
nition, which translates the contents into machine-readable text. The
text is further processed using semantic analysis. Stroke analysis is
described in detail in Section 5.3.3.

• Semantic Analysis: The resulting text is sent to a semantic web API,
which is extracting entities out of the note. The entities are attached
to an entity list, which is then forwarded to the classification rules.
Semantic analysis is described in detail in Section 5.3.4.

• Classification: Classification is processed according to defined rules.
The classification process is described in detail in Section 5.3.5.

• Output: Once the content is fully processed, the OutputManager
launches the digital representation of the paper note as notification.
This notification offers the possibility to transfer the contents directly
to Personal Information Management (PIM) Tools. Output managing
is described in detail in Section 5.3.6.

5.2 Hardware

We decided to use Anoto1 technology as input device for capturing anno-
tations. Anoto is providing a digital pen and paper with an encoded dot
pattern. The pen has a digital camera in its stylus tip, and a communication
and advanced image processing unit integrated. Moreover it contains an ink
cartridge to support writing on paper. The dot pattern on the paper consists
of tiny dots where one of these is 0.1 mm in size. The dots are positioned
relative to a square grid with a spacing of about 0.3 mm and their position is
a slight displacement of the grid in 4 possible directions as shown in Figure
5.2. The pen can interpret an area of about 1.8 mm2 with 6× 6 dots within.
Therefore it is possible to create a large area of unique pattern by displacing
the dots as mentioned before. The total pattern defines an area of 60,000,000
square kilometers. Hence to the unique and non-repetitive pattern it is pos-
sible to identify exactly the location where the pen is writing on. The pen’s
movements are stored internally or transferred via Bluetooth as coordinates.
Furthermore the pen also transfers pressure data and different Pen Actions
like Pen Connected, Pen Up, Pen Down, and Pen Disconnected.

1http://www.anoto.com
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Right

Left

0.3mm

Down

Up

Figure 5.2: The Anoto pattern is a proprietary pattern to identify correctly
the current location of the pen. It consists of small dots with a diameter of
0.1 mm. Through displacement of the dots along the square grid, a unique
non-repetitive pattern is created.

5.3 Technical Process

The application is component based designed. We are using third-party soft-
ware and for this we created an interface to provide easily exchangeable
components. Figure 5.3 illustrates a detailed structure of the technical work-
flow and Program 5.1 shows the sequential interpretation process in code
after content selection.

5.3.1 Input

The Anoto Pen is used as digital input device. The InputFrameworkHandler
captures input events, indicating the current position and state of the digital
pen. The System.Windows.Input.StylusPoint is added to a set of points,
which is combined to a System.Windows.Ink.Stroke. All strokes are admin-
istered by the DigitalPaper-Class representing the physical paper sheet,
which has DIN A4 paper size. For each physical paper sheet a new Digital-
Paper is created, identified by the encoded page address.

5.3.2 Select Content

The selection of a specific note is captured with the pen. First users have to
point with the pen in the selection area on the top right edge of the paper (see
Figure 3.3). The InputFrameworkHandler registers the event by checking if
the selection point is within the specified bounding box. The action starts
the selection mode, which is confirmed for the users by a short sound. Sounds
are played using System.Windows.Media.MediaElement. At selection mode
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Figure 5.3: The technical structure of PECAN starts with the digital pen
input (1), the handwriting analysis (2), a semantic processing (3), note classi-
fication (4), and ends with an output window displaying all analyzed contents
(5).

start, the InputFrameworkHandler expects two selection points. Selection
points are defined as the next two Pen Up Events. Every selection point
triggers a short sound feedback for the user. During selection mode new
strokes cannot be added to the DigitalPaper. The two selection points
span a box as presented in Figure 5.4. All strokes intersecting with this box
are extracted from the DigitalPage, combined as a new DigitalNote. The
stroke contents are forwarded to the stroke analysis, which is explained in
detail in the following section.

5.3.3 Stroke Analysis

The PECAN Handwriting Recognition uses Microsoft.Ink.Recognizer.
The strokes of the DigitalNote contain System.Windows.Ink.Stroke, these
are converted to Microsoft.Ink.Ink and analyzed by the Microsoft.Ink.-
Recognizer. The Recognizer returns multiple strings and confidence levels.
The language code identifier used for the Handwriting Recognition was 1033
(English USA).
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1 public void Analyze(DigitalNote note)
2 {
3 //Creates UserControl to give users feedback displaying a loading bar
4 NotificationControl control = CreateNotificationControl(note);
5 if (0 != note.Strokes.Count) // empty selection
6 {
7 control.Update();
8 control.RemoveAfterXSeconds(3);
9 return;

10 }
11 //Handwriting interpretation
12 note.HandwrittenString = HandwritingRecognizer.GetInstance().

Interprete(note.Strokes);
13
14 if(0 != note.HandwrittenString.Length)
15 {
16 //Semantic Analysis using Open Calais and syntax analysis
17 note.SetEntityList(SemanticAnalyzer.GetInstance().Analyze(note.

HandwrittenString));
18 }
19
20 //Computation of recommended note type
21 note.ComputeClassification();
22
23 //Update NotificationControl and display the analysis results.
24 control.Update();
25 }

Program 5.1: The program code shows the analysis process of one note.
After the content was selected, a NotificationControl is displayed giving the
users feedback. A progress bar is displayed until the Handwriting Recogni-
tion, Semantic Analysis and Classification compute results.

2 3

selection mode

1.

2.

Make 
Note

1 2

Figure 5.4: Notes are extracted selectively from a page. By triggering the
selection Mode (left) and selecting two points, which are forming a rectangle,
all intersecting strokes are extracted and are creating a new digital note.
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5.3.4 Semantic Analysis

In 1994 Riloff and Lorenzen defined the term Information Extraction (IE),
to obtain Information out of a context automatically [34]:

IE systems extract domain-specific information from natural lan-
guage text. The domain and types of information to be extracted
must be defined in advance. IE systems often focus on object
identification, such as references to people, places, companies and
physical objects.

IE is used to gain structured information out of unstructured content,
like text, images, videos or audio files. There are several areas within the
IE, but the Named Entity Recognition (NER) is the most important for this
project. The NER aims to find and extract special terms (e.g. the name of
person or a company, a product, a date, time or measurements of any kind)
within an unstructured text [14, 23].

There are several Semantic APIs available, which are usually commercial
products but for a limited access also without costs. They all offer simi-
lar functionality as to enrich unstructured text with semantic metadata [2].
However, they all have different key aspects and offer a variety of meta data
[10]. We evaluated several for this project relevant APIs. OpenCalais, Ze-
manta2 and AlchemieAPI 3. Another online tool called Semantlink [12] is
also taken into consideration.

• Semantlink is a student work that is still in progress. It implements
entity extraction and relevance evaluation to classify documents in ger-
man language. This is somewhat interesting because most of the other
tools only provide support for the english language.

• Zemanta returns meta data for unstructured text. This data can be
images, articles, links, keywords and categories as well. It is mainly
used to support blogging tools. Zemanta is extracting keywords out of
the text.

• Alchemy API offers similar information as OpenCalais and Zemanta
but supports also language detection in about 97 languages. The con-
cepts of NER and Keyword Extraction are related to this thesis as
well.

• Open Calais is one of the most popular and developed Semantic APIs.
It offers web services to automatically create semantically enriched
meta data. It returns back: Categories, Social Tags, Named Entities,
Facts and Events. The recognition of named entities is most interesting
for this project to classify the notes.

2http://www.zemanta.com/
3http://www.alchemyapi.com
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Figure 5.5: Annotation rules for the syntax analysis of dates (left) and
times (right).

After performing spot tests on all available APIS, we were choosing Open
Calais because of its advanced development and best matching with our pur-
pose. Using an online API for the application offers great potential in terms
of having an infinite knowledge base available. However it also limits the
application because of its dependency on a stable Internet connection. To
communicate with Open Calais Web API we integrated the Open Source
Framework Calais.NET 4 in our project. We mainly used the NER to cat-
egorize our notes. The entities Person, Company, E-Mail, Location, Phone
Number, URL were extracted via Open Calais. Furthermore we needed a date
and time entity extraction to enable appointments recognition for PECAN.
For this we did a simple syntax analysis using regular expressions for Date,
Time and Number entities.

For the regular expression we used System.Text.RegularExpressions.-
Regex and checked if the string contains month names or numbers. For this
project, we only implemented several special annotation rules. A date starts
with the full month name, followed by the day and then the year. The time
entity had to consist of 4 numbers with a colon after the second number (see
Figure 5.5 for an exemplary note).

A regex example for time extraction in presented in the program code
below:

1 private bool IsTimeComponent(String str)
2 {
3 Regex regex = new Regex(@"^([0-1][0-9]|[2][0-3]|[0-9]):([0-5][0-9])");
4 return regex.IsMatch(str);
5 }

The note components were tagged based on their entity extraction results.
Not identified components were tagged as ‘Unknown Entity’.

5.3.5 Classification

The Classification process determines the correct destination for each note.
PECAN currently provides the classification of 5 different note types. Scrib-

4http://calaisdotnet.codeplex.com
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ble, Task, E-Mail, Contact and Appointment. For each note type we created
a simple set of rules. The entity list received from the semantic analysis is
parsed and the rules are applied to define the most suitable note type. Every
note type is per default a Scribble (see Equitation 5.1). If the note type has
entities with the tag ‘Unknown Text Entity’ they are considered as text and
treated as To-Do (see Equitation 5.2). Furthermore, if a note has exclusively
e-mail and a text tag and no telephone number, company, time or date it
is identified as Message as displayed in Equitation 5.3. Notes consisting of a
person, e-mail, location, telephone number, company or URL, are classified
as Contact type (see Equitation 5.4). All notes containing either time or
date are considered as Appointment note types as displayed in Equitation
5.5. The logical rules are applied in the following order to classify the note.

Scribble = ¬Text , (5.1)
Task = Text , (5.2)

Message = Text ∧Mail ∧ ¬Phone ∧ ¬Company ∧ ¬Time ∧ ¬Date, (5.3)
Contact = Person ∨Mail ∨ Location ∨ Phone ∨ Company ∨URL, (5.4)
Appoint . = Text ∧ (Time ∨Date). (5.5)

The classification can be ambivalent, which means that more than one
note type would be suitable for the specific note. The classification results
from rules, where the order of the analyzed note type is also important. For
this we decided to put the more likely ones later in the classification chain
to get the best results possible for this purpose. For incorrect classification,
users can easily switch between note types. This behavior is considered in
the following Output section.

5.3.6 Output

The visual layout was primarily done with the WPF XAML designer using
Visual Studio 2010 professional. The Graphical User Interface (GUI) consists
of multiple windows popping up like build-in notifications on the right side
of the primary screen.

If there are multiple notifications available at the same time, the no-
tifications are stacked on the bottom of each other. If one notification is
removed, the remaining windows rearrange themselves to get a stacked for-
mation again. Every window that was removed by the user, can be retrieved
from the notify context menu. There is a maximum history of 10 items.

The notifications are objects of the type NotificationWindow. The states
of the notification window are presented in Figure 5.6. Each NotificationWin-
dow has an InteractionWindow. Appearing, disappearing, and state changes
of the windows are animated changes of opacity and position values. A more
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Figure 5.6: The Notification Window displayed in three different states. The
loading state (left), the analysis complete screen (middle) and the Internet
connection error screen (right).

detailed description of the NotificationWindow and the InteractionWindow
is given in the following.

Notification Window

Each NotificationWindow resembles a piece of paper displaying the selected
note. The position of the note is in alignment to the location on the physical
paper. The selected area is rendered to the same canvas, represented by a
colored rectangle. A new canvas appears by hovering over the notification.
This is a facsimile of the first canvas, but the note is scaled up to the bounds
of the NotificationWindow and the selected area.

The NotificationWindow is appearing right after the content was selected,
to provide accurate feedback for the user. Since the time for the content anal-
ysis depends on the speed of the Internet connection a loading bar informs
users about the current state. After the Analysis finishes, a banner appears
within the NotificationWindow stating the completion of the analysis. If
there is no Internet connection, the same banner appears stating the ab-
sence of an Internet connection. A reload button appears on the bottom of
the NotificationWindow, starting the analysis all over again. If there are no
strokes transferred, and therefore no analysis possible, a NotificationWindow
appears stating that there was no content selected. This window disappears
after 10 seconds. The NotificationWindow is an interactive button. This but-
ton toggles the InteractionWindow. The button has opacity of 0.01%, which
makes the button invisible to the human eye, but it still triggers a button
click event, which would not be possible with zero opacity. For closing the
NotificationWindow an exit button is positioned on the top right edge of the
notification.
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Figure 5.7: The InteractionWindow appears on NotificationWindow click
(top). The classified note type is always shown first. Using the menu bar,
users can switch to other note types. Content can be added and edited. The
other note type representations are variations of components as date fields
or an image (bottom).

Interaction Window

The InteractionWindow displays the interpreted content as illustrated in
Figure 5.7. The analyzed content can be displayed in 5 different note cat-
egories. According to the classification of the note, the recommended note
type is displayed first. However, users can easily swap between the different
categories. Each category embeds text box, date picker and image controls
individually. The OptionControl template is used for the buttons on the bot-
tom, where the button actions can be individualized through the XAML file.
A sample code of AppointmentControl is displayed in program 5.2.
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1 <StackPanel>
2 <localui:LabelAndTextBox LabelText="Subject"/>
3 <localui:LabelAndDateTimePicker LabelText="Due Date"/>
4 <localui:LabelAndTextBox LabelText="Location"/>
5 <localui:LabelAndTextBox LabelText="Note" LineCount="3"/>
6
7 <localui:OptionsControl ActionButtonLeft="Create_Click"
8 ActionButtonCenter="Cancel_Click"
9 ActionButtonOpenWithOutlook="Outlook-Click"

10 ActionButtonCopyToClipboard="Clipboard_Click"
11 SuccessLabel="Appointment created"/>
12 </StackPanel>

Program 5.2: Each note type has its own XAML file representing its values.
This is a sample XAML Code of AppointmentControl.

Microsof Outlook Interop

To integrate the analyzed note into Microsoft Outlook we were using Micro-
soft.Office.Interop.Outlook. The notes are directly synchronized to Mi-
crosoft Outlook using Outlook.ContactItem for adding contacts, Outlook.-
AppointmentItem for Appointments, Outlook.MailItem for E-Mails, and
Outlook.TaskItem for creating task.



Chapter 6

Evaluation

As mentioned in the preceding chapters, PECAN is a tool to support note
taking especially in an office environment. PECAN includes some design
features that should facilitate note taking and is therefore offering a sup-
portive tool for users through directly digitizing, analyzing and processing
the contents. However, the expected benefit needs to be validated through
experimental analysis. We decided to test the performance of PECAN by
measuring the accuracy of the handwriting recognition and the semantic
analysis, since this is an important factor to get the user’s acceptance. Ac-
cording to the literature, the threshold of error tolerance lies somewhere
in-between an error rate of 6.9% and 13.8% [15]. Secondly we are giving a
comparison of speed, accuracy and perceived workload between the PECAN
Workflow and the Traditional Workflow, which is further discussed in the
following subsections.

6.1 Independent Variables

For this study we defined two types of independent variables. The note types
and the workflow types are explained in this section:

6.1.1 Note Types

For PECAN various categories of note types were implemented. For this
study four note types were evaluated (see Figure 6.1). These note types are
defined as follows:

• Doodling a Sketch: This type requires no semantic analysis. For the
study, we chose simple shapes like circles, boxes and triangles to be
easily redraw-able for all participants.

• Adding a new To-Do: This type consists of only a plain note without
any other semantic content.

31
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Draw this
SCRIBBLE

scribble is a composition
 of abstract lines 

randomly arranged

(a)

Transcribe this
TODO

todos are notes with a 
certain priority to take care 

of later on. 

Wash the car

(b)

Transcribe this
CONTACT

contacts contain personal  
data e.g. name, phone 

number, mail, address, 
website, company, etc.

Mary Miller 
0664 7689733 

mary@siemens.com 
Siemens Paris

(c)

Transcribe this
APPOINTMENT

appointments contain 
information on time sensi-
tive events e.g. event type, 
time, date, location, etc.

June 15, 19:40
Dinner with Ben

Vienna

(d)

Figure 6.1: Exemplary transcription of notes according to their note types.
(a) Scribble, (b) To-Do, (c) Contact, (d) Appointment.
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• Adding a new Appointment: This type has optional date or time
objects and some plain text.

• Adding a new Contact: This note type consists of various optional
fields, which are full name, company name, mail address, postal address
or phone number.

6.1.2 Workflow Types

For saving analog notes to a digital Personal Information Management (PIM)
Tool, we compared PECAN with a common Traditional Workflow, saving
the notes directly to Microsoft Outlook.

• Traditional Workflow: In this workflow participants used ordinary
pen and paper. The notes are later manually transferred by opening
a PIM Tool e.g. Microsoft Outlook, creating the required note type,
entering the content and saving it again within the PIM Tool.

• PECAN Workflow: In this workflow participants had to use Anoto
paper and a digital Anoto pen to transfer the data to the computer.
First, the participants take notes using these tools, and then they make
the selection of the required note on paper. The note now appears as
notification. By clicking on the notification, the content view appears
and participants can add or edit contents. Next, the note can be saved
directly as Microsoft Outlook Item.

6.2 Hypotheses

We expect that PECAN would demonstrate a high percentage of correct
recognized notes and offers a more performant and supportive way to digitize
casual notes in comparison to the Traditional Workflow. In particular, we
were interested in the following key hypotheses:

• Hypothesis 1: PECAN classifies casual notes correctly in more than
95% of the use cases.

• Hypothesis 2: Using PECAN is less time consuming than using the
Traditional Workflow.

• Hypothesis 3: According to the final digital note contents PECAN is
more accurate than the Traditional Workflow.

• Hypothesis 4: Using PECAN is judged less exhausting in terms of
workload than using the Traditional Workflow.

6.3 Experimental Design

For the first experiment each of the 4 note types was tested 5 times resulting
in 20 total trials for each participant.
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For the second experiment, participants had 5 minutes to write and trans-
fer data using the two different workflows. The amount of trials was depen-
dent on the speed and accuracy of the participants. After the completion of
a workflow, participants had to answer a questionnaire based on the NASA
Task Load Index (TLX) [13].

6.3.1 Experiments

For all experiments, we chose a repeated measure design, where we evaluated
speed, accuracy, and learning.

Experiment 1: PECAN Performance Tests

Each of the 4 categories was completed 5 times. Consequently performance
tests consisted of 20 trials per participant for the PECAN Workflow. The
categories were alternated and counterbalanced using a 4 × 4 Latin Square
(see Appendix A).

On average one workflow consisted of 4 words (26 characters) characters,
where contacts consisted of 4.8 words (34.4 characters), appointments of 4
words (25 characters), and to-dos of 3.2 words (18.8 characters).

Experiment 2: Comparing the Workflows

As already explained in the preceding subsections, we used the Traditional
Workflow to compare performance and work load against the PECAN Work-
flow. Each workflow block is consisting of four steps. Step one, was the writ-
ing phase. Participants had three minutes for writing down as many appoint-
ments as possible. These appointments had different levels of detail and were
counterbalanced using a 4× 4 Latin Square (see Appendix A). Step two was
a two minutes distractive phase to make sure that the appointment details
are not stored in short-term memory. For step three, the adding phase, as
many of these appointments had to be transferred to Microsoft Outlook us-
ing either the Traditional or the PECAN Workflow. Step four, completed
the experiment, a NASA TLX questionnaire was provided to indicate the
workload level for each workflow.

6.3.2 Experiment Contents

For average sample notes we selected data from online lists to create equal
opportunities. Exemplary note types are displayed in Figure 6.1. Each note
has its own component and therefore a different constellation of contents was
necessary.

• Scribbles are consisting of primitive shapes. For this we chose rect-
angles, circles and triangle. One scribble task had usually two or three
shapes to draw.
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• For To-Dos we selected everyday chores. They consisted of 15-21 char-
acters.

• ForContacts we used pre names, surnames, companies, e-mail provider,
telephone numbers and locations as note components. Pre names were
picked from the top names of the last century (1913-2012) [46]. A name
was usually three to six characters long and was an even distribution
of gender. Surnames were picked from the top 50 last names of century
[43] and five to seven characters long. Companies were chosen out of
a list of 25 well-known ones [44]. E-Mail providers were selected by a
top list of free e-mail services [42] three to five characters long. Tele-
phone numbers were randomly generated with an area code of four to
five digits and a personal number of six to seven digits. Locations were
picked from a list of European capitals.

• Appointment had date, time and location. Months were chosen equally
over the year, as well as time, which was a four-digit number on a
twenty four hour clock. Locations were picked from a list of European
capitals.

We aimed for equal word complexity and similar cost of writing.

6.4 Participants

16 unpaid right-handed participants (4 male, 12 female) aged between 24 and
50 years (M = 32.43, SD = 7.56) were recruited for the user study. 9 of them
were employees doing mainly administrative work, 3 scientific researcher and
4 students all from the local university. Due to the restrictions of the system
to the English language all content was provided in English, even though the
native language of all participants was German. All participants confirmed
that they are familiar with the English language. Participants stated using
their computer on average for 8.7 hours a day (SD = 1.8). All participants
were mainly Windows users and each one uses a PIM Tool like Microsoft
Outlook (68, 8%) or some kind of webmail like Gmail (50%) on a regular
basis. Participants were also questioned about their experience with digital
pens and the usage of handwriting recognition. 50% of the participants re-
ported that they never had any experience with a digital pen, 25% only used
it for playful testing one or two times, 12.5% uses them sometimes and the
other 12.5% use digital pens on a regular basis.

Experience with handwriting recognition was reported by 43.75% of the
participants, but most of them do not use it frequently, Most of the time
they used it for playful interaction and sometimes for scanning documents.
56.25% reported that they never used that technology before.

Furthermore we asked participants about their general note taking behav-
ior in a preliminary questionnaire. 43.75% reported the frequent note taking
of contact details, 75.00% of appointments, 87.50% of to-dos, and 31.25% of
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Figure 6.2: The apparatus of the PECAN evaluation (left) with the task
instruction window (top right) and exemplary paper notes (bottom right).

scribbles. All participants reported the use of paper as personal note taking
tool on a daily basis, furthermore 93.7% are using their computer and 50%
are using their mobile devices in addition. Overall, for specific note taking sit-
uations, people preferred paper during phone calls (98.47%), for spontaneous
ideas (68.42%), scribbles (73.68%), meeting one persons (89.47%), meeting
with more people (73.68%) and for talks (52.63%). To digitize handwritten
notes 93.75% retype them, 25.00% also use smartphones or SLR cameras,
and 25.00% use the scanner. To digitize scribbles, 50.00% use the scanner,
12.5% stated to redraw it with a graphic tablet, 25.00% are using smart-
phone or SLR cameras, 37.50% redraw it using the mouse and 6.25% use the
touchpad to redraw. 31.25% stated that they do not digitize their scribbles.

6.5 Apparatus

The study was conducted on a GeForce GTX260 machine with 2×3.18 GHz
and 4 GB RAM running 64 bit Windows 8. All experiments were performed
using a 21.5"TFT DELL SX2210T monitor with a screen solution of 1920×
1080. Additionally, the hardware setup contained a Bluetooth 4.1. adapter
connecting two digital Anoto pens (ADP301). Each participant got a pile
of PECAN paper covered with Anoto pattern (see Figure 4.8), which was
placed first on the left side of the participants. Users were invited to create
a comfortable setup for themselves (see Figure 6.2).
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1

Handwriting Recognition Training

Handwriting Recognition Training Field

Recognition The quick brown fox

Handwriting Recognition Training

Handwriting Recognition Training Field

Recognition

2

3

Figure 6.3: The Handwriting Recognition Training Application. (1) Paper
Interface. (2) Application after Digital Pen Input. (3) Application after in-
terpreting content.

Furthermore two Windows desktop application were implemented for the
study. The first one, the Handwriting Recognition Training application (see
Figure 6.3), was developed for the participants to get familiar with digital
pens and handwriting recognition. Libraries and interaction possibilities were
the same as used with PECAN. The application resembled an analog A4
paper displaying strokes and offering the possibility to analyze this notes
using handwriting recognition. The analyzed content was displayed right on
top of the application window.

The UserstudyControlCenter application implemented logging mecha-
nisms and displayed the instructions on the left side of the screen (see Figure
6.4). We implemented a button to navigate through the notes, and also the
possibility of using the right arrow key. The study was conducted in a calm
office environment with all external distractions like mobile phones, e-mail
clients, etc. deactivated.

6.6 Procedure

The study consisted of five main blocks: introduction, training, PECAN per-
formance tests, comparative tests, and conclusion. An overview about the
five blocks is given in Appendix A. The study was completed in one session
lasting approximately sixty minutes. Participants were guided through the
study the full time by the study conductor, who was available at all time for
any questions arising.
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1

54

2 3

selection mode

Analysis 
complete

1.

2.

“Note”
add contact

create appointmentcreate todo

save as image

Make 
Note

Make 
Note

1

54

2 3

Task 1

Training

Task 1

Task 2a

Task 2b

Task 3a

Task 3b

Start Task

UserStudyWindow

(a)

Write down appointment details

Project meeting
08:15

Next Task

02:45

Task 1 of 28 

UserStudyWindow

(b)

Figure 6.4: Interface User Study Control Centre. (a) PECAN performance
tests: Start screen. (b) Comparative Tests: Content screen.

6.6.1 Introductory Block

At first participants were welcomed and introduced to their workspace. Par-
ticipants were given a digital pen, which had to be used for the whole study.
They were asked to position keyboard, mouse, chair, pen and the pile of
paper, like they would use it in their office environment. Afterwards they
had to sign a consent form and to fill out a short questionnaire about their
analog and digital note taking habits.

After finishing the questionnaire, the study conductor gave them some
short information about Anoto’s technology. To get more familiar with the
pen and its possibilities as well as with handwriting recognition, we intro-
duced them to the Handwriting Recognition Training (see Figure 6.3). Par-
ticipants were told to write down notes like their names, Arabic numerals
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and special characters to learn about how the handwriting recognition works
best for them. They were also informed that the system was optimized for
the English language. By writing down content on Anoto paper, the strokes
were displayed within the application as shown in Figure 6.3. The content
was analyzed by clicking either the button on the paper with the pen or by
clicking the analyze button within the application. This first block lasted for
approximately fifteen minutes.

6.6.2 Training Block

The second block consisted of a specific introduction and training of PECAN.
First they were shown an info graphic (see Figure 6.4) explaining the basic
workflow. As the participants clicked the selection mode buttons, they were
told to listen to the sounds to make sure that their selection worked properly.
By performing the workflow with the to-do type, the participants learned
that they had to write down the text as it is displayed. If there was a type
recognition error or a spelling error in the recognized text, the participants
had to correct them. The appointment type was used to explain that the
system currently has format requirements for dates and times. While the
participants were writing down the given contact details, they were told
to have a spacing of approximately 10mm in between the notes to avoid
selection errors. This block lasted for approximately ten minutes.

6.6.3 PECAN Performance Tests Block

The PECAN Performance test block was quite similar to the Training block.
The participants were now told that they had to finish each note type five
times in total and that they had to finish each workflow cycle as fast and
as accurate as possible. The experiment instructions were displayed in the
UserStudyControlCentre window. For this, participants were prevented to
continue to the next subtask, by disabling the next button, until they finished
the current workflow cycle. Once they were done with this, they could either
use the next subtask button or the right arrow key to move on. This block
took approximately fifteen minutes to complete.

6.6.4 Comparative Tests Block

Each of the two workflows was performed once. This block lasted approxi-
mately seven minutes for each workflow and fourteen minutes in total. Both
were executed in the following order as shown in Figure 6.5.

Writing Phase

For this part, participants got the instruction to write down as many ap-
pointments as possible within three minutes. They were also reminded that
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Writing Phase Distractive Phase

Adding Phase

Emotional State Measurement

3

1 2

3

4

Figure 6.5: The comparative tests were split up in four phases. (1) The
Writing phase. (2) The Distraction phase. (3) The Adding phase. (4) The
emotional state measurement phase.
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Figure 6.6: This info graphic was shown to the participants to get distracted
from the written appointments. It shows simple instructions of how to bath
a parrot. First choose a warm and sunny day (1), then spray water on to the
parrot (2), if he is fluttering, he likes it (3), let him air dry and clean himself
(4) [31].

later on these notes had to be transferred to Microsoft Outlook either by
using PECAN or by entering the appointment content manually. The notes
had to be written down in order and they had to be readable afterwards.
By hitting the ‘start task button’ the timer started and was displayed in
the right top edge of the application window. Three minutes later the bell
resounded to indicate the end of the subtask.

Distraction Phase

To make sure that the appointment details are not stored in short-term
memory, participants had to go through a distractive exercise. They had
about thirty seconds to look at info graphics. They were told to memorize
the content and explain it to the study conductor afterwards.

The first info graphic was about how to poach an egg. The second one
showed how to bath a parrot. Both graphics were taken out of the book
‘Show me How- 500 things you should know’ [31]. An exemplary info graphic
is displayed in Figure 6.6.

Adding Phase

Next, they had to transfer the content to Microsoft Outlook either manually
or by using PECAN. While performing the Traditional Workflow, partici-
pants had to click a button within the UserStudyControlCentre window to
open the Microsoft Outlook appointment window.

Then they had to type in the content and click the save button in the
end. For the PECAN Workflow, participants got the instructions to select a
note first, then they had to quick check and correct the content delivered and
lastly they had to save the appointment. After finishing one note, they started
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all over again. After two minutes the bell resounded again and participants
had to finish adding the appointment they were currently working on.

Emotional State Measurement Phase

To asses the perceived workload experience for each workflow, participants
were shown the NASA TLX questionnaire. The NASA TLX was used with a
multidimensional rating scale. This includes six 20-point scales (mental de-
mand, physical demand, temporal demand, performance, effort, frustration)
and the weighting of the scales to compensate differences in the workload
definition. The combination of the information on magnitude and the sources
of each of the six factors offers the possibility to derive a sensitive and reliable
estimate of workload [13].

6.6.5 Finishing Block

In the last block, participants were asked to fill out another questionnaire
about their demographics, their digital pen and handwriting recognition ex-
perience and how they liked working with PECAN. They were also asked if
they have any additional ideas, or feature requests for the application.

6.7 Measurements

This section gives an overview for each experiment about the collected data.

6.7.1 Trial Completion Times

The time for all experiments was recorded in milliseconds. For the PECAN
Workflow the timer started on clicking the ‘start task’ or ‘next task’ button
and ended when the workflow was fully performed by clicking ‘create’ or
‘save as’. Concerning the comparative tests, Writing and Adding Phase were
recorded differently. Time was restricted to three minutes for Writing Phase
and two minutes for Adding Phase.

For both, the PECAN and the Traditional Workflow, the Writing Phase
timer started for each trial by clicking the ‘start task’ or ‘next task’ button
and ended when the participant hit the ‘next task’ or ‘finish task’ button.
Adding Phase was recorded separately for the Traditional and the PECAN
Workflow. The Traditional Workflow timer started by clicking the ‘create
appointment’ button and ended on saving the note. For testing PECAN the
timer started by hitting the select button and was completed on clicking
‘create’.
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Program 6.1: Minimum String Distance Implementation

public double GetMinimumStringDistance(string a, string b)
{

for (int i = 0; i <= a.Length; i++)
{

valueMatrix.setValue(i, 0, i);
}
for (int j = 0; j <= b.Length; j++)
{

valueMatrix.setValue(0, j, j);
}
for (int i = 1; i <= a.Length; i++)
{

for (int j = 1; j <= b.Length; j++)
{

int value = Math.Min(valueMatrix.getValue(i - 1, j) + 1,
Math.Min(valueMatrix.getValue(i, j - 1) + 1,
valueMatrix.getValue(i - 1, j - 1) +
r(a.ElementAt(i - 1), b.ElementAt(j - 1))));

valueMatrix.setValue(i, j, value);
}

}
return valueMatrix.getValue(a.Length, b.Length);

}

6.7.2 Error Rates

The error rates were measured using the Levenshtein [20] Minimum String
Distance (MSD) algorithm. This algorithm calculates the number of prim-
itive operations, like substitutions, insertions or deletions, needed to trans-
form the transcribed text to the presented text. William Soukoreff and Scott
MacKenzie [28] propose a definition of the text entry error rate as depicted
in Equitation 6.1. This algorithm divides the MSD value by the maximum
denominator, and multiplies it by 100 percent to return the error rate as
percentage value. We implemented the algorithm as presented in Program
6.1.

ErrorRate =
MSD(A,B)

max(|A|, |B|)
× 100%. (6.1)

This algorithm creates a matrix defined by two text entry strings. The
computation starts in the top-left cell and fills the matrix sequentially. The
final MSD value is in the right bottom cell. An exemplary calculation matrix
of the MSD is visualized in Figure 6.7.
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a S T O C K H O L M

b 0 1 2 3 4 5 6 7 8 9

S 1 0 1 2 3 4 5 6 7 8

H 2 1 1 2 3 4 4 5 6 7

O 3 2 2 1 2 3 4 4 5 6

D 4 3 3 2 2 3 4 5 5 6

H 5 4 4 3 3 3 3 4 5 6

O 6 5 5 4 4 4 4 3 4 5

L 7 6 6 5 5 5 5 4 3 4

M 8 7 7 6 6 6 6 5 4 3
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t

Presented Text

MSD

ErrorRate = 2
10 × 100 = 20%.

Figure 6.7: Minimal String Distance Calculation Example (top). Text entry
error rate calculation (bottom) [32].

6.7.3 Perceived Workload

To measure the perceived workload, the participants were required to com-
plete an online NASA TLX questionnaire [13]. For this, we used an already
existing HTML and Javascript based online form [45], where we adapted the
content to fit our needs. The data was sent to a local server using an Ajax call.
A PHP script receives the data and saves it as a CSV (Comma-Separated
Values) file. The formula for the calculation of the total workload takes the
numeric rating for each category (0–100) and multiplies it by the number of
times it was chosen on the task demand questionnaire. This product is calcu-
lated for each of the six categories, summed up and totally divided by fifteen
(total number of weights). The final workload figure is a number between 0
and 100.



Chapter 7

Results and Discussion

The first part of this chapter presents the quantitative results of the user
study, which was evaluating PECAN. The methodology is described in Chap-
ter 6 and the workflow design is covered in Chapter 4. The qualitative feed-
back of the participants is given in the second part of this chapter. The third
part discusses the results.

7.1 Study Results

This section presents error rates, trial completion times, characters written
per second, and the results of the work load rating. A significance level
of α = 0.05 was used for all statistical data. Trial completion time was
recorded in milliseconds for precision, but is presented in seconds for better
understanding. Three different types of errors were measured:

1. Handwriting Recognition Errors are presented as percentage of in-
correctly identified letters. These errors are only considering the results
of text input errors as with contact, appointment and to-do note types.

(a) (b) (c)

Figure 7.1: Handwriting examples (a) Participant 15: 0.0% errors, overall
error rate for all notes M=1.33%, (b) Participant 4: 5.00% error rate (‘9’ was
recognized as a ‘4’), overall error rate for all notes M=6.33%, (c) Participant
5: 15.00% error rate (no leading ‘0’, and Vienna was recognized as ‘Vieuua’),
overall error rate for all notes M=8.87%.

45
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6 different error categories were defined for better understanding of the
handwriting recognition errors. Errors resulting out of non-recognizable
handwriting were split up in text and number recognition errors. Hand-
writing samples along with the average handwriting recognition error
rate are presented in Figure 7.1. Since the handwriting recognition used
for PECAN is based on American language code to analyze the strokes
and all of the participants were of Continental European origin, some
of these errors can be lead back to differences in handwriting between
America and Europe [38]. The other error categories are:

• Capital Letters Errors: The letter capitalization did not match
the original string. These errors are measured separately because
of its importance to the semantic analysis.

• On Paper Correction Errors: Spelling errors were corrected
by scratching out note parts or by overwriting letters.

• Note Selection Errors: The selection bounding box was either
to small to select all strokes, or too big and therefore intersecting
with other notes.

• Spelling Errors: Simple spelling errors, where letters were left
out or mixed up by the participant.

A visualization of these error categories is presented in Figure 7.2.
2. Semantic Classification Errors are presented as percentage of in-

correctly identified note types.
3. Final Result Errors are the percentage of incorrect letters saved to

the final Microsoft Outlook Item.
Errors were measured by comparing strings using the Minimal String

Distance as described in Section 6.7.2. The work load was rated using the
NASA Task Load Index (TLX).

7.1.1 Experiment 1: PECAN Performance Tests

This experiment measured the performance of PECAN, testing four different
note types. PECAN is expected to perform accurate with an error rate less
than 5% (Hypothesis 1 ).

Trial Completion Times

The average overall trial completion time for a full workflow was 33.8 seconds
(SD = 13.7 s). This includes writing time (M = 18.2 s, SD = 8.2 s) with
1.15 characters written per second, selection time (M = 1.9 s, SD = 0.7 s),
handwriting recognition analysis time (M = 0.3 s, SD = 0.2 s), semantic
analysis time (M = 1.2 s, SD = 1.6 s), and content review time (M = 12.2
s, SD = 8.5 s) as depicted in Figure 7.3.
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Oliver Jones 
07236 98986 

Berlin

„Oliver Jones 
07236 98986 

BERLIN“

5 Errors
(18.52%)

1 2 3 4

Capital Letters Error

(a)

1 2 3 4

On Paper Correction Error

09:00 
Vienna

Breakfast

„09:00 
Viennese 

Breakfast“
3 Errors 
(13.64%)

(b)

Thomas Brown 
thomas@bmw

.com BMW

„is Thomas 
Brown See Pa 
thomas@bmw
.com BMW“

7 Error
(20.00%)

1 2 3 4

Note Selection Error

(c)

October 12 
20:00 

Deadline

„October 12 
20:00 

Dedline“

1 Error
(4.55%)

1 2 3 4

Spelling Error

(d)

Figure 7.2: A visualization of the error categories: (1) shows the template
text, (2) the actual written text by the participant, the error that has oc-
curred is marked in red, (3) the text analysis result by the handwriting
recognizer, (4) Minimum String Distance (MSD) error calculation (error per-
centage).
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0,00% 10,00% 20,00% 30,00% 40,00% 50,00% 60,00% 70,00% 80,00% 90,00% 100,00%

writing time selection time OCR analysis time semantic analysis time review time

Figure 7.3: The average trial completion time for a full PECAN Workflow
was 33.8 seconds. 53.98% were writing time, 5.54% selection time, 0.98%
handwriting recognition time, 3.48% semantic analysis time and 36.04% con-
tent review time.

For the 4 different types, the overall trial completion times differed. On
average the workflow for the Contact note type took 46.7 seconds (SD = 12.9
s), for the Appointment 35.9 seconds (SD = 12.6 s), To-Do 26.1 seconds
(SD = 8.4 s) and Scribble 26.5 seconds (SD = 8.9 s).

The writing time was directly related to the amount of characters to
write. On average it took participants 27.2 seconds (SD = 6.9 s) for the
Contact note type, 19.7 seconds (SD = 6.2 s) for Appointments, 15.7 seconds
(SD = 4.9 s) for To-Dos, and 10.4 seconds (SD = 3.2 s) for scribbles. The
normalized data to characters per second showed almost no difference in
writing speed between the types (Contact: M = 1.17 char/s, Appointment:
M = 1.19 char/s, To-Do: M = 1.11 char/s).

Over 50% of the working time for one note is used for the handwriting
part. We observed that participants were especially concerned about the
handwriting recognition. This slowed down the note taking process. Selection
time, handwriting recognition analysis time and semantic analysis time did
not have a major impact on the overall time as expected. Since the content
is processed on the fly, it needs about 3 seconds for every note. This can be
improved by preprocessing the notes. The review process took about 36% of
the time, because participants rechecked every letter and corrected them if
they were mistaken. Error corrections cost a lot of time, and therefore offer
great improvement possibilities.

Error Rates

The overall error rate of the handwriting recognition was 3.97% (SD =
6.76%). The semantic classification error rate was 5.63% including the scrib-
ble note type. By only considering textual input note types the semantic
classification error rate was 2.92%. The error rate for contact note types was
5.39% (SD = 7.46%), for appointments 3.54% (SD = 5.9%) and for to-dos
2.99% (SD = 6.67%). These results are supporting Hypothesis 1 (‘PECAN
classifies casual notes correctly in more than 95% of the use cases.’).
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59,34%

7,88%

12,03%
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6,22%

4,15%

 Text Recognition Error

 Number Recognition Error

 Note Selection Error

 Capital Letters Error

 On Paper Correction Error

 Spelling Errors

Figure 7.4: The handwriting recognition errors were split up in 6 categories
to get a better understanding for the cause of the errors. Text recognition
errors (59.345%). Number recognition errors (7.88%). Note selection errors
(12.03%). Capital letters errors (10.37%). On paper correction errors (6.22%).
Spelling errors (4.15%).

The handwriting recognition errors were analyzed and categorized as
shown in Figure 7.4. 61.22% of the handwriting recognition errors were only
due to number or text recognition failures, 38.78% of the handwriting recog-
nition errors were based on inaccurate user input or faulty user interaction
with the paper. Semantic errors were retraceable and were due to incorrect
text recognition.

7.1.2 Experiment 2: Comparative Tests

The comparative tests were divided in the Writing, Adding and Emotional
State Measurement phase. This experiment measured all phases separately.
First we will present the overall times for the writing and adding phase and
we will have a deeper look into all phases individually. For the writing and
adding phase, PECAN was expected to be faster (Hypothesis 2 ) than the
Traditional Workflow. Additionally, it was expected that the results of the
adding phase are more accurate by using PECAN (Hypothesis 3 ). The work
load is expected to be less exhausting while using PECAN (Hypothesis 4 ).

Overall Comparison

For comparing the overall trial completion times, we summed up the sepa-
rately measured writing and adding times. On average it took 29.2 seconds
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(SD = 4.1 s) to write and add the appointments with the Traditional Work-
flow and 30.2 seconds (SD = 2.9) with PECAN. There was no significant
difference in trial completion times between the two workflows detectable,
t15 = 1.24, p = 0.118. However, these results are rejecting Hypothesis 2 (‘The
PECAN Workflow is faster than the Traditional Workflow’). We suspect that
this was due to longer writing times, because participants were concerned
about correct interpretation of the handwriting recognition and they made
more effort in writing machine readable. To investigate Hypothesis 2 more,
we took a closer look at all phases separately.

Writing Phase

The performance measurement results show that the writing time of the
Traditional Workflow was on average 11.1 seconds (SD = 1.6 s) for one
note, with 1.91 characters written per second (SD = 0.33). The average
times of PECAN was 14.3 seconds (SD = 2.6 s), resulting in 1.45 characters
per second (SD = 0.26). Furthermore, the total note completion was 17.13
notes (SD = 2.6) for the Traditional Workflow and 13.44 notes (SD = 2.28)
for PECAN within 3 minutes. The analysis showed a main effect for, the
trial completion time, t15 = 6.42, p < .001, the characters per second, t15 =
7.31, p < .001, and the amount of notes completed, t15 = 6.95, p < .001.

Looking at the actual notes on paper, we found that 9 participants used
abbreviations (see Figure 7.5 for samples) during the Traditional Workflow.
By comparing the characters written per second for participants without ab-
breviations, a significant difference was still found, t7 = 5.09, p < .01 with
M = 1.78 characters per second (SD = 0.23) for the Traditional Work-
flow and M = 1.36 characters per second (SD = 0.34) to the PECAN
Workflow. Participants using abbreviations were also significantly faster,
t9 = 5.48, p < .001 with M = 2.02 characters per second (SD = 0.37) for
the Traditional Workflow and M = 1.48 characters per second (SD = 0.18)
for the PECAN Workflow. The time to write a note without abbreviations
(M = 11.95 s, SD = 3.03 s) was longer than for shortened notes (M = 10.76
s, SD = 1.48 s). On average, participants completed 1.49more notes by using
abbreviations. The characters written per second, presented in Figure 7.6,
show that participants, who were shortening their notes, were faster in terms
of writing speed (0.24 char/s) for the Traditional Workflow, but surprisingly
also slightly faster for PECAN (M = 0.12 char/s).

As a matter of fact, the Traditional Workflow was faster for the writing
phase than PECAN. Therefore H2 must be rejected for the Writing phase.
However, we suspect that this is due to confidence issues in the handwrit-
ing recognizer. We observed that some participants wrote more narrow and
smaller letters with the Traditional Workflow. For PECAN they tried to
write with a nice handwriting to be machine-readable.
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(a1) (b1) (c1)

(a2) (b2) (c2)

Figure 7.5: Handwriting samples for the comparative tests. Abbreviation
examples for the Traditional Workflow (upper part): (a1) Participant 4:
Birthday Sam May 31 (M = 2.43 char/s, SD = 0.51), (b1) Participant
9: Project deadline July 29 19:00 (M = 1.59 char/s, SD = 0.38), (c1) Par-
ticipant 12: Betty Wedding September 13 (M = 1.85 char/s, SD = 0.37).
Handwriting examples for the PECAN Workflow (lower part): (a2) Partici-
pant 4: March 7 2014 Day off (M = 1.64 char/s, SD = 0.19), (b2) Participant
9: January 4 Birthday Rachel (M = 1.50 char/s, SD = 0.16), (c2) Participant
12: 13:00 Coffee date (M = 1.39 char/s, SD = 0.17).
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Figure 7.6: Characters written per second as part of the writing phase. The
graph shows the values of the overall performance (left), the performance
of the participants without abbreviations (middle) and the performance of
participants using abbreviations (right). Errors bars show standard error.

Adding Phase

On average it took 18.1 seconds (SD = 3.9 s) to add an appointment to Mi-
crosoft Outlook typing in the content all manually (about 7 appointments).
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Figure 7.7: The graph shows the overall trial completion time for adding
notes to Microsoft Outlook (left) and the average trial completion time for
all notes added without an handwriting recognition error (right). Errors bars
show standard error.

It was 15.9 seconds (SD = 2.6) by using PECAN, adding 8.5 appointments.
A significant main effect for adding time, t15 = 2.40, p < .05 and total note
completion, t15 = 3.67, p < .01, was found supporting Hypothesis 2 (‘PECAN
Workflow is faster than the Traditional Workflow’) in contradiction to the
Writing phase. The average handwriting recognition error rate of PECAN
was 6.99%. The analysis of the final data saved to Microsoft Outlook showed
no main effect for the error rate, t15 = 0.007, p = 0.497. The error rate with
the PECAN Workflow was slightly higher (M = 1.86%, SD = 0.06%) than
with the Traditional Workflow (M = 1.85%, SD = 0.061%). Since there was
no significant difference in the final results error rate, Hypothesis 3 (‘Ac-
cording to the final digital note contents PECAN is more accurate than the
Traditional Workflow.’) must be rejected.

Further analysis of the PECAN Workflow data, by only considering the
results of a faultlessly working system, with 0 handwriting recognition er-
rors, is once again proving the theory of Hypothesis 2 and shows an even
better adding time (M = 14.5, SD = 4.2) and a significant difference to
the Traditional Workflow, t13 = 2.30, p < 0.05. Trial completion times are
presented in Figure 7.7.

For further investigation and improvement of PECAN we split up the
total working time as shown in Figure 7.8. The start time (M = 3.5 s,
SD = 3.9) indicates the time participants needed to start selection. Selection
time (M = 1.9, SD = 1.4), handwriting recognition analysis time (M = 0.3s,
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Figure 7.8: The average trial completion time for the adding phase of the
PECAN Workflow was 17.8 seconds. 3.5 seconds (19.84%) were trial start-
ing time until the content selection, 1.9 seconds (5.54%) selection time, 0.3
seconds (1.82%) handwriting recognition time, 1.1 seconds (6.13%) semantic
analysis time and 10.9 seconds (61.51%) content review time.
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Figure 7.9: The PECAN adding phase split up to the different workflow
steps, showing the average time by number of errors. Only the content review
time is strongly affected by the number of errors as shown in this graph.

SD = 0.1s) and semantic analysis time (M = 1.1 s, SD = 1.3 s) are equal
to the PECAN performance tests (see results of the performance tests in
Subsection 7.1.1). The average time needed to review the content (10.9 s,
SD = 6.8 s), was 2 seconds faster than for the performance tests. Review
time also depended on the number of handwriting recognition errors in one
trial. The time needed to check the content is increasing with the number
of errors as shown in Figure 7.9, until it remains static. This is because
participants tended to clear inaccurate strings at a certain level and type
it all again. Start time, selection time, handwriting recognition time and
semantic analysis time are not affected by the errors.

The general error type distribution is comparable with the PECAN per-
formance tests errors. The main sources of errors were handwriting recogni-
tion errors, with 46.71% text recognition errors and 22.1% number recogni-
tion errors. 4.79% were content selection errors, 14.97% capital letter errors,
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Figure 7.10: Overall Workload of the two workflows, obtained through the
Nasa TLX questionnaire.

4.19% on paper correction errors and 7.19% spelling errors. The handwriting
recognition error rate was 7.03% and the semantic type correctness showed
an error rate of 6.62%.

Emotional State Measurement Results

The NASA TLX questionnaires were used to assess participant’s subjective
workload. To determine if the workload differed significantly between the
two workflows the overall workload for each participant was calculated (see
Figure 7.10) using the rating of the subjective importance of the categories
(see Figure 7.11 a) and the average subjective rating (see Figure 7.11 b).

This was showing a significantly lower workload for the use of the PECAN
Workflow, t15 = 2.29, p < 0.05. To determine, which attributes caused this
difference in workload, six paired sample t-tests were performed, one for
each category. These showed that participants had recorded significantly
lower mental demand (t15 = 1.858, p < 0.05) and a better task performance
(t15 = 3.326, p<0.05) for the PECAN Workflow, which is very encouraging
and showing that users had the feeling that they can work well with PECAN.
The tests for physical demand (t15 = 0.816, p = 0.214), temporal demand
(t15 = 0.789, p = 0.221), effort (t15 = 0.502, p = 0.312) and frustration
(t15 = 1.618, p = 0.063) were not significant. A graphical summary of these
results is shown in Figure 7.12.

7.1.3 Summary

The data for the PECAN performance tests showed that trial completion
times were strongly depending on the number of characters to write for
each note type. This was similar for all types with 1.15 characters/second.
The most time consuming parts of the workflow were identified as the writ-
ing phase and especially the review phase. There was no learning curve de-
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Figure 7.11: Ratings of the perceived workload. (a) Rated importance of
workload related factors. (b) Average subjective ratings.

tectable. The handwriting recognition error rate and semantic classification
error rate are summarized in Table 7.1.

Error Rate Contact Appointment To-Do Scribble

Handwriting
Recognition

5.39%
(7.46)

3.54%
(5.89)

2.99%
(6.67)

Semantic
Analysis

2.50% 5.00% 1.25% 13.75%

Table 7.1: Handwriting recognition error rate and semantic classification
error rate, showing mean (standard deviation).

The quantitative data collected for the comparative tests experiment is
showing a statistically significant difference for all 3 phases. For the writing
phase the Traditional Workflow was significantly faster (1.91 characters/sec-
ond) than PECAN (1.45 characters/second). PECAN performed better for
the Adding phase. Participants were faster and were able to create more
notes (M = 8.50, SD = 1.51) than the Traditional Workflow (M = 7.00,
SD = 1.75). Furthermore, PECAN Workflow was rated with the lowest
workload. The final results error rate showed no statistical significance. Trial
completion times and the overall workload are summarized in Table 7.2.
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Figure 7.12: Ratings in the NASA TLX survey assessing six workload re-
lated factors (mental demand, physical demand, temporal demand, perfor-
mance, effort, frustration) using the PECAN Workflow and the Traditional
Workflow.
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Phase Traditional WF PECAN WF t15 p

Writing 11.1 sec (1.6) 14.3 sec (2.6) 6.42 0.000

Adding 18.1 sec (3.9) 15.9 sec (2.6) 2.40 0.015

Workload 58.65 (11.50) 51.73 (11.57) 2.29 0.018

Table 7.2: Trial completion times and the overall workload (NASA TLX)
for the comparative tests per phase, showing mean (standard deviation).

7.2 Subjective Feedback

After finishing both experiments, participants were asked to complete a ques-
tionnaire about their experiences with PECAN.

7.2.1 Participants Rating

First, participants had to rate the usability of PECAN based on a 5-point
Likert scale. These results are presented in Figure 7.13. Generally speaking,
we can conclude that the participants liked to interact with PECAN. 68%
agreed that it was comfortable to use, and everybody found it easy to learn
and easy to use as well. 75% of the participants stated that they had fun
while using this tool. But only 19% stated that they found it more time
consuming than the Traditional Workflow, which is interesting because the
overall trial completion time for the writing part was 3.2 seconds less for the
Traditional Workflow, and during the adding phase PECAN was only 2.2
seconds faster. Besides that, 75% of the participants felt supported and 63%
would be using PECAN as note taking tool in their office environment.

7.2.2 Participants Feedback

Next, we were asking about the problems participants encountered while
using PECAN. 43.75% stated that they had troubles with the error rate
of the handwriting recognition and that they had to proofread and correct
the contents afterwards. 31.25% of the participants found the thickness of
the pen unpleasing. The frequent transition between pen and mouse was also
considered by 12% to be disturbing. This was also observed during the study
where may participants had issues by handling pen and mouse at the same
time. All participants were using the same hand for handling the mouse and
the pen. Therefore most participants ended up with both object in their
hand as demonstrated in Figure 7.14.

Furthermore, one participant stated that the integration into OneNote
would be suitable for him. Two participants said that they would like to use it
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Figure 7.13: The post-study questionnaire ratings on the usability of
PECAN.

for meetings to have a log afterwards. One person suggested the introduction
of lists, and two others requested the use of only textual notes.

3 participants stated that they would like to have the contents pasted to
their clipboard to have the note more generally available. Additional features
requested by two participants were a solution for handling incorrect strokes
and better selection techniques, to avoid selecting strokes that are close by,
but not meant to be part of the note. One Participant also stated that he
got confused when note type was not the one he had expected. Besides that,
Two participants also stated that they liked they minimalist design of the
application, but three of them also criticized small font size, which was not
easily readable for them.

7.3 Discussion

Summarizing experiment one, we can say that PECAN was satisfying our
expectations, concerning the correct identification of notes. It is very encour-
aging that even though we used a system, which was optimized for American
handwriting in an European context, Hypothesis 1 was confirmed. All note
types except the scribble note type, which was a non-textual note type, had
a correct classification rate of over 95%. The scribble type, which was only
fleetingly covered for the PECAN project showed a quite high classifica-
tion error rate (M = 13.75%). Since the focus was on textual notes, this
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Figure 7.14: One major problem encountered by the participants while
working with PECAN : The thickness of the pen and the combined usage of
mouse and pen at the same time.

is not an important factor. However, there is great room for improvement
by introduction algorithms for image and text differentiation, for instance
the hierarchical framing process [4], Boundary Detection [27] the white-tiles
approach [1].

The classification error rate is also highly depended on the handwriting
recognition error rate, which was also one of the main problems of PECAN
stated by the participants. This might be improved by using more state-
of-the-art handwriting recognition techniques adapted to the handwriting
characteristics of the target population. Another improvement factor is the
reduction of user errors like stroke selection or on paper correction. This can
be improved by introducing stroke clustering or by offering possibilities to
edit strings.

Apart from that, our second hypothesis regarding the performance of
PECAN in comparison with a Traditional Workflow had to be partly re-
jected. It was highly significant that for the writing phase, participants were
faster under the Traditional Workflow condition. This may be because for
the PECAN Workflow participants always had to consider that the con-
tent needs to be machine readable, so they wrote as accurate as possible,
in contrast to the Traditional Workflow, where the contents only needed to
be in humanly-readable style. While transferring the notes, participants also
could work content aware, which means that it is not required to have a
100% readability to still transfer the contents correctly. However, sometimes
participants also complained during the adding phase that their notes are
hardly readable. This arises the question if it is still readable for them in a
day or two, despite the fact that the lifespan of casual notes is quite short,
their readability should be guaranteed. It was also observed that participants
(about 56%) tended to use abbreviations especially for dates and common
event types like ‘Wedding’ was shortened with ‘Wed.’ or ‘Family’ with ‘Fam.’.
There were also differences between the target groups, especially administra-
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tive people used abbreviations for their every day activities (e.g.: ‘Jour fixe’
was ‘JF’). Abbreviations are not available with PECAN yet, but it would
be possible to use an automatic detection of common abbreviations [35] and
user defined abbreviations.

However, according to the analysis of the adding phase, participants were
significantly faster here, even though there was still a certain error quote
and they had to correct the analysis afterwards. The time needed to review
a 100% correctly analyzed note shows an even better Trial completion time.
These results are very promising and thus, we conclude that our expectations
were confirmed. Therefore we can state that PECAN offers a fast approach
to digitize and classify casual notes.

Given the facts we can see that overall the Traditional Workflow was still
faster for the participants. Even though the adding phase was faster with the
PECAN Workflow. By having a deeper look into the review times of PECAN,
we found out that the content review time is consuming most of the time
needed to add an appointment, because participants do not fully trust in
handwriting recognition. The review time was increasing with the number of
errors. To reduce the review time it would be necessary to, on the one hand,
reduce the basic review time by improving the UI with an adaption of font
size and more clear arrangements, and on the other hand reducing the cost
of error correction by adding spell correction, or by validating the contents,
e.g. e-mail addresses, zip codes, etc. According to the post-questionnaire,
participants did not find that the PECAN Workflow was generally slower
than the Traditional one. This might be, because they finished the adding
phase more successfully, and this was the main interaction part with the
digital device.

The third hypothesis, that the PECAN Workflow is more accurate than
the Traditional Workflow, was rejected because there was no main effect and
the average error rates were only slightly different.

The results for Hypothesis 4 showed positive results for the overall work-
load in favor of PECAN. Specifically, the results indicated for five of the
six scales that the Traditional Workflow had a higher workload, except the
physical demand was rated higher for PECAN. As participants were asked
for the importance of the work-related factors, physical demand was lowest,
so it had no direct influence on the total workload.

The general feedback on PECAN was also very encouraging, because it
states the general usability was working for the users, and they were also
feeling supported by the technology.



Chapter 8

Conclusion and Future Work

This thesis introduces PECAN, a tool that combines the advantages of phys-
ical paper interfaces with digital processing benefits. PECAN captures ana-
log notes selectively. These notes are processed using handwriting recognition
and web API to extract semantic contents. A set of rules classifies the note
and on user confirmation, the content is forwarded directly to Personal Infor-
mation Management Tools (e.g. Microsoft Outlook). This work describes the
method, concepts and implementation details of PECAN. An empirical labo-
ratory study was conducted to investigate the performance of the technology.
Furthermore, PECAN was compared with the Traditional Workflow of man-
ual copying notes. The study was presented in detail, as well as results and
a discussion. The results revealed that PECAN performs with an accuracy
of 95%, with a high chance of improvement by implementing more advanced
technologies. Moreover, we found that participants were writing faster with-
out having a handwriting recognition system in mind, but PECAN showed
major improvements in terms of speed when adding the note to Microsoft
Outlook. Participants also rated PECAN with a lower overall workload. The
final questionnaire showed a general satisfaction with the tool and 10 out of
16 participants would be using PECAN to support their everyday office
work.

Given the results of the user study, we are even more motivated to adapt
the current system with the insights we achieved and to investigate new
ways to improve user experience. For example, there is huge space for im-
provement, concerning technology. The implemented handwriting recogni-
tion worked well for our purpose and proves the concept. However, for a
satisfying high end product, the error rate was still too high and the hand-
writing recognition worked insecurely. The handwriting recognizer should
especially be adaptable to the regional and personal handwriting style. For
this we recommend the usage of state of the art handwriting recognition
technology. The semantic analysis can be further improved by introducing
multiple semantic web APIs specialized on Named Entity Recognition. The

61
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errors made by the handwriting recognizer are quite costly and annoying for
the users to correct. Currently these errors are corrected by user interference.
Correct recognition is defined as what the user intends, and this is very hard
to achieve [22]. For this concern automatic error correction would be desir-
able to give users a choice of different possible interpretations. This might be
realized by introducing a simple spell check, or going even further by recheck-
ing mail address, telephone numbers, addresses, names, etc. by e.g. Google
search appearance ranking. This information can be displayed by giving the
user repetition and choice mediation techniques as proposed by Mankoff et
al. [22] or by using Chang et al.’s [7] fluid negotiation. Furthermore, the ap-
plication also requires a possibility to select multiple notes at once to speed
up the digitizing process. One possible solution for this would be to cluster
notes by proximity and by time. During the study we also experienced that
participants liked to use abbreviations. Therefore a desirable feature could
be to support adaptable abbreviations personalized for each user. Finally a
field study could evaluate the actual applicability of PECAN in a real world
scenario.



Appendix A

Study Material

A.1 Consent Form

Einverständniserklärung 
 

Studie zur Untersuchung von „PECAN“ 
 

Bitte lesen sie sich dieses Dokument sorgfältig durch und wenden Sie sich bei möglichen 
Fragen direkt an die Untersuchungsleiterin Eva-Maria Schwaiger. 

Alle von Ihnen erhobenen Daten werden vertraulich behandelt. Nur die Mitglieder des 
Projektteams haben Zugang zu den von Ihnen erhobenen Daten. Die Darstellung der 
Untersuchungsergebnisse erfolgt ausschließlich in anonymisierter Form. Personen-bezogene 
Informationen werden, falls erforderlich, so verändert, dass keine Rückschlüsse auf die 
Ursprungsperson möglich sind.  

Ihre Teilnahme an der Untersuchung ist freiwillig. Sie können die Bereitschaft zur Teilnahme 
jederzeit widerrufen beziehungsweise die Teilnahme an der Untersuchung abbrechen. 

Durch Ihre Unterschrift erklären Sie, dass Sie freiwillig an der Untersuchung teilnehmen und 
dass Sie den Inhalt der Einverständniserklärung gelesen und verstanden haben.  

 

Bei Fragen zur Untersuchung und zu Ihren Rechten als Untersuchungsteilnehmer stehen Ihnen 
die Untersuchungsleiterin Eva-Maria Schwaiger (eva-maria.schwaiger@fh-hagenberg.at), 
sowie Dr. Michael Haller (michael.haller@fh-hagenberg.at) gerne zur Verfügung. 

 

□ Ich erkläre mich einverstanden, dass Fotos der Studie in wissenschaftlichen 
Publikationen verwendet werden. 

 

Name, Datum, Unterschrift  
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A.2 Questionnaires
Nummer 
 
 

 Datum 

 
Fragebogen über das Notizverhalten am Arbeitsplatz 
 

1.  Wie häufig machen Sie sich folgende Notizen? 
 (1 =  sehr selten,  5 = sehr häufig) 
 -- 

(1) 
- 

(2) 
o 
(3) 

+ 
(4) 

++ 
(5) 

Kontaktdaten(Namen, Telefonnummern, Adressen)      
Termine      
To Do’s      
Skizzen      

Ideen      
Entscheidungen      

Zusammenfassungen      
 
Anmerkungen:  
 
 
 

2. Welche Tools verwenden sie derzeit um sich am Arbeitsplatz Notizen zu machen? 

□ Papier und Stift  □ PC  □ Smartphone   □ Tablet (iPad,...) 
□ sonstiges:  
 
 

3. Wie oft verwenden sie das Medium Papier als Notizhilfe in ihrem Büroalltag bei folgenden 
Aktivitäten:  
(1 =  sehr selten,  5 = sehr häufig) 

 -- 
(1) 

- 
(2) 

o 
(3) 

+ 
(4) 

++ 
(5) 

nie 

Telefonat       
Spontane Gedanken notieren       

Skizzen zeichnen       
Geschäftliches Gespräch 1:1 (2 Beteiligte)       

Meeting (mehrere Beteiligte)       
Vortrag (Zuhörer)       

 
Anmerkungen:  
 
 
 
 
 
 
 
 



A. Study Material 65

 
4. Wie oft verwenden sie das Medium Computer als Notizhilfe in ihrem Büroalltag bei folgenden 

Aktivitäten: 
(1 =  sehr selten,  5 = sehr häufig) 

 -- 
(1) 

- 
(2) 

o 
(3) 

+ 
(4) 

++ 
(5) 

nie 

Telefonat       
Spontane Gedanken notieren       

Skizzen zeichnen       
Geschäftliches Gespräch 1:1 (2 Beteiligte)       

Meeting (mehrere Beteiligte)       
Vortrag (Zuhörer)       

 

Anmerkungen:  
 
 
 
 
 

5. Wie oft verwenden sie Mobile Geräte (Tablet PC, Smartphone,..) als Notizhilfe in ihrem Büroalltag 
bei folgenden Aktivitäten: 
(1 =  sehr selten,  5 = sehr häufig) 
 

 -- 
(1) 

- 
(2) 

o 
(3) 

+ 
(4) 

++ 
(5) 

nie 

Telefonat       
Spontane Gedanken notieren       

Skizzen zeichnen       
Geschäftliches Gespräch 1:1 (2 Beteiligte)       

Meeting (mehrere Beteiligte)       
Vortrag (Zuhörer)       

 

Anmerkungen:  
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6. Welches Medium um Notizen zu machen bevorzugen sie üblicherweise für folgende Aktivitäten? 
(nur eine Auswahl pro Zeile möglich) 
 

 Papier PC Portables Gerät 
(Smartphone, Tablet) 

Keines 

Telefonat     
Spontane Gedanken notieren     

Skizzen zeichnen     
Geschäftliches Gespräch 1:1 (2 Beteiligte)     

Meeting (mehrere Beteiligte)     
Vortrag (1 Vortragender – mehrere Zuhörer)     

 
Anmerkungen:  
 
 
 

7. Wie digitalisieren sie üblicherweise handschriftliche Notizen, die sie wiederverwenden möchten? 
(Mehrfachauswahl möglich) 

□ Abtippen      □ Digitaler Stift    
□ Abfotografieren mit Smartphone Kamera  □ Scanner 
□ Abfotografieren mit Compact/SLR Kamera  □ Ich digitalisiere keine Notizen.  
 
□ sonstiges:  
   

8. Wie digitalisieren sie üblicherweise Skizzen? (Mehrfachauswahl möglich) 

□ Digitaler Stift      □ Neu zeichnen mit Maus  
□ Scanner     □ Neu zeichnen mit Touchpad   
□ Neu zeichnen  Grafiktablet   □ Neu zeichnen mit Tablet(iPad,...) via Touch 
□ Abfotografieren mit Smartphone Kamera □ Neu zeichnen mit Tablet(iPad,...) via Stylus 
□ Abfotografieren mit Compact/SLR Kamera  
□ Ich digitalisiere keine Skizzen. 
 
□ sonstiges:  
   

9.  Allgemeine Anmerkungen:  
 
 
 

Vielen Dank 
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Nummer 
 
 

 Datum 

 
Fragebogen zur Verwendung von PECAN 
 

1. Allgemeines 
 
Alter:    
 
Geschlecht:   □ Männlich  □ Weiblich 
 
Beruf 
 
Muttersprache:   □ Deutsch  □ English □  Andere 

   
Schreibhand  □  Links   □  Rechts 

 
2. Computer Nutzung 

Welches Betriebssystem verwenden sie hauptsächlich:  
 
  □ Microsoft Windows ____ □ Mac OSX  □ Andere 
 
Wieviele Stunden pro Tag verbringen sie durchschnittlich an Werktagen am Computer (Arbeitsplatz & 
Zuhause)? 
 
 
Welche analogen „Persönlichen Information Management Tools“ verwenden Sie regelmäßig?  
 
  □ Kalender   □  Adressbuch   □  Schreibblock  

□ Notizbuch  □  Post its   □  Andere  
 

Welche digitalen „Persönlichen Information Management Tools“ verwenden Sie regelmäßig?  
 
  □ Microsoft Outlook  □ Thunderbird   □  Apple Mail/ iCal / ….   

□ Webmail( Gmail,..) □  Andere  
 
 
Wie oft  haben sie mit  folgenden Technologien bis jetzt gearbeitet?  

 Noch nie 1-2x Selten Ab und zu Sehr häufig 
Digitaler Stift      

Handschrifterkennung      
 
 

Anmerkungen (z.B.: wo sie diese Technologien eingesetzt haben):  
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3. Feedback PECAN   
 
Wie haben Sie das Arbeiten mit PECAN empfunden?  Bitte geben sie dazu an, inwieweit sie folgenden 
Aussagen zustimmen:  

 -- 
(1) 

- 
(2) 

o 
(3) 

+ 
(4) 

++ 
(5) 

Ich bin zufrieden damit was PECAN mir anbietet.      
Der PECAN  war angenehm zu verwenden.      

PECAN  war einfach zu verwenden.      
Die Anwendung von PECAN  war einfach zu erlernen.      

Das Verwenden von PECAN  hat Spaß gemacht.      
Die Verwendung von PECAN  war ein zeitlicher Zusatzaufwand      

Ich habe mich von PECAN  in meinen Aufgaben unterstützt gefühlt       
Ich wäre gerne bereit PECAN  in meinem Arbeitsalltag einzusetzen.       

 
Gab es Probleme auf die Sie beim Arbeiten mit dem PECAN  gestoßen sind?  

	   □ Ja  □ Nein 

Wenn ja welche?	  

	  	  

Gibt es noch weitere Notiz-Kategorien (abgesehen von Addressbuch, Termine, Aufgaben und 
Zeichnungen) die Sie sich für ein Tool wie PECAN wünschen würden?  

	   □ Ja  □ Nein	  

Wenn	  ja	  welche?	  	  

	  

Gibt es noch weitere Funktionen, die sie sich für PECAN  wünschen würden (z.B.: in 
Zwischenablage speichern)?  

	   □ Ja  □ Nein	  

Wenn ja welche?	  	  

	  

4. Anmerkungen 
	  

	  

Vielen Dank! 
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A.3 Miscellaneous

Group 1 appointment to-do contact scribble

Group 2 to-do contact scribble appointment

Group 3 contact scribble appointment to-do

Group 4 scribble appointment to-do contact

Table A.1: Counterbalancing of the note types.

Group 1 time date, location date date, time

Group 2 date, location date date, time time

Group 3 date date, time time date, location

Group 4 date, time time date, location date

Table A.2: Counterbalancing of the alternating appointment details.

Block name duration (minutes)

1 Introduction 15

2 Training 10

3 PECAN performance tests 15

4 Comparative tests 15

5 Conclusion 5

Table A.3: User Study Schedule Overview.
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B.4 Online Sources

Path: /Sources
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the introduction chapter.
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