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Abstract

Personal Information Management (PIM) is a set of activities that a user performs
to acquire or create, store and organize information in such a way that it can be
retrieved when and where the user needs it. Users have the right to correct
and complete information all the time and at all places. After the concept of
PIM was introduced in late 80’s, several PIM tools have come into existence. A
tremendous surge in the amount and type of information available to a user, has
led to an unprecedented growth in the use of PIM tools. Users, ranging from
busy professionals to students, tend to assimilate information in various forms.
This information aids the user in efficient management and completion of tasks
undertaken for the fulfillment of professional and personal commitments.

With an increase in the number of formats in which the information is now
available, users face a particular problem in the current computing environment
- Information Fragmentation. Information, the user is interested in, can be frag-
mented across multiple physical locations or on a single system. It can also be
fragmented by the use of different PIM tools. Today, user’s personal informa-
tion consists of emails, notes, to-do items, calendar entries, blog postings, web
bookmarks, etc., and each of these items are managed by mutually exclusive ap-
plications in their own way - which adds a new face to the existing overwhelming
problem of “How and Where to find complete data”.

The goal of this thesis is to evaluate existing problems that users encounter
while using multiple PIM tools and updating related information. We present a
novel information associating tool to store user’s emails, tasks, notes and relation-
ships between these entities so as to provide a complete view for a specific entity
when searched for. Our prototype allow users to create a bi-directional association
between any two entities and store, view and edit information of different types
within a single interface. The prototype is a web-based application backed by web
services running on a graph database engine giving the users more flexibility on
how they want to relate data with similar goals (or outcome).

Keywords: Information fragmentation, information assimilation, personal in-

formation entity relationships, PIM
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1 Introduction

Personal Information Management (PIM) , as defined by [Lansdale, 1988], is a
term used to describe set of activities to collect, store, organize and retrieve in-
formation (e.g. emails, files, notes, appointments, agendas, contacts) in digital
format within the user’s own computational space. PIM helps users in their cog-
nitive process by making sure that the requested information is always available
in all its completeness. This makes it is easier for users to invest more time and
resource in creative use of that information [Jones and Maier, 2003]. Figure 1.1
shows a high level structure of an information system [Barreau, 1995]. A detailed
explanation of different aspect of the use of information system is done in Section
2.6.

OUTPUT

Answers to questions
Value added products

Reports
Summaries

Others

INFORMATION SYSTEM

Definition of scope for acquisitions
Mechanisms for organizing and storing information

Rules and procedures for maintaining systems
Mechanisms for information retrieval

INPUT

The user with
needs
and

problems

INPUT

Information or
Entities

Figure 1.1: Structure of an information system [Barreau, 1995]

Information filing is a difficult task and becomes more difficult when it spans
across multiple contexts [Kidd, 1994]. Users must associate unique information
to unique context such that later, retrieval is possible and they must be able to
remember the associated context. PIM tools help users in achieving these goals
faster in an organized fashion. Thus, the use of PIM tools has increased over-time
and we are greatly dependent on such tools during our working hours.

Today, users have numerous PIM tools available in their computers, mobile-
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1. Introduction

devices and Personal Digital Assistants (PDAs). However, with diversified avail-
ability of PIM tools due to the massive growth in technology in past two decades,
users face the problem of information fragmentation (See Section 2.3). Informa-
tion, that a user needs, when scattered across different applications and storage
location, leads him/her to work in parallel with the scattered information, thus
increasing the time and effort of the user to retrieve and manipulate contextually
similar information. The reason of the problem of information fragmentation is
well described by [Karger and Jones, 2006].

The different types of information we work with (like emails, files, contacts) are
managed within distinct tools even though they often relate to the same context.
In the next section, we discuss briefly about the previous researches in academia,
that has contributed substantially in the field of PIM.

1.1 Previous research on PIM

Chapter 2 extensively discusses the studies that have been performed by the Hu-
man Computer Interaction (HCI) community on PIM. [Boardman and Sasse, 2004]
claim, the research on PIM can be distinguished between two key areas: (1) em-
pirical research and studies based on user behavior when using PIM tools, and (2)
using exploratory models and designs for prototyping PIM tools. In this section,
we will provide a brief overview of research in both the key areas.

As mentioned above, a number of empirical studies have been performed to
analyze user’s behavior on a specific PIM tool. [Whittaker and Sidner, 1996] pro-
pose emails must be redesigned to include their use in information filing and task
management, thus providing the user with a complete view of associated “what
to do”information. [Capra, 2009] in his survey finds how users tend to share their
information among devices and the different types of information they use. These
results improve our understanding of how users manage their information and help
us with better designs of PIM tools. However, [Whittaker et al., 2000] argue that
HCI community lacks expected research on PIM tools because of absence of com-
mon research focus. They highlight the need to use better modelling techniques
for finding user requirements and metrics for tool evaluation.

Although much research has been done on specific information entity and its
concerned PIM tool, example email; users often use multiple PIM tools while
working on their high-level activities or when they use information available in
different formats [Boardman et al., 2003]. Thus, studies must focus their interest
in finding out whether the same strategies can be used in other information entities
like notes, tasks or bookmarks. Using PIM as a cross-tool activity has been of little
interest in recent studies. Therefore, to provide improved PIM tool integration,
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1.2 Limitations of PIM tools

cross-tool activity is one such area that must be explored.

The second area of research has focussed its studies in finding better prototypes
for PIM tool integrations. This area has been dominated primarily by commercial
organizations to improve integration between multiple tools. This area is again
divided between two main approaches: (a) providing support for multiple types of
information using a single tool, example, Microsoft Outlook - being an email client
also supports calendar entries and task management, and, (b) integrating support
for multiple types of information using extensions, example, an email in Microsoft
Outlook can be converted to a note in Microsoft OneNote using “Send to OneNote
”functionality. However, this integration gives rise to the problem of information
fragmentation, described in Section 2.3. Explorative design and prototyping
has not been successful in providing valuable contributions to cross-tool design,
primarily because of the following reasons:

1. Most of these cross-tool designs have been driven by commercial organiza-
tions and technical innovations and are not based on empirical findings. The
products are not designed based on an already existing research but stand
on its own.

2. Most of these tools are not evaluated using standardized metrics because of
the lack of availability.

The next section discusses limitations of PIM tools observed in literature and
in practice.

1.2 Limitations of PIM tools

In this section, we discuss limitations that have been observed in the study of
PIM. Although PIM tools are developed to decrease the cognitive load on the
user’s memory by classifying and storing information for easy retrieval, they suf-
fer a major drawback in terms of the functionalities they offer. Users also face
difficulties when they need to retrieve the stored information from personal files
[Barreau, 1995] or emails [Whittaker and Sidner, 1996]. It is also observed in these
literatures that users tend to classify information based on the strategies, they are
accustomed with. They rely on storage and retrieval process, they feel comfort-
able with even if the process is not efficient or not in accordance with the process
the tool offers. Hence, providing functionalities on a generic scale does not com-
pletely solve the problem. Another limitation that has been observed in literature
as well as in practice is that information is fragmented by multiple PIM tools.
[Boardman et al., 2003] and [Kaptelinin, 2003] observe that people often employ
multiple PIM tools to complete their high-level activities. There has not been
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1. Introduction

significant work done in the field of integrating distinct PIM tools (cross-tool in-
tegration). They also point out the problem of disconnect between information
managed by different PIM tools in a sense that if one changes, the change is not
propagated to the other tool.

[Elsweiler et al., 2007] notes that the increase in the quantity of information
used by users, increase the load on their cognitive abilities. They must completely
rely on their memory to recollect precisely what information they need to retrieve.
When using multiple PIM tools, the effort multiplies to recollect the connection
of one type of information to the other type. Although, almost all PIM tools in
practice are now available with smart searches, the search for information connec-
tion between PIM tools are still invisible. These special retrieval methods handle
relatively small set of information types, e.g., a dedicated search to retrieve desired
email or note. Therefore, it is important to focus the research of HCI community
towards connecting information across tools and use the connection to form the
basis of information retrieval.

In the next section, we will present the objectives of the thesis in order to
overcome the limitations, we discussed.

1.3 Objectives

The thesis objectives are enumerated as follows:

1. To understand the importance of PIM - In particular, understanding the
essence of PIM is required to seek out design philosophies of PIM tools and
to understand how users perform activities on such tools.

2. To investigate the current problems in cross-tool PIM integration - The next
step towards developing a futuristic prototype of integrated PIM tools, is to
understand the problems which the users currently face when using multiple
PIM tools.

3. To design and develop a new prototype of cross-tool PIM integration - The
major goal of this thesis is to develop a prototype of a PIM tool that can be
used to provide a consolidated view of all contextually similar information
of varying formats. The design of this prototype is based on the findings of
the objectives stated above.

4. To provide ideas for future research in the area of cross-tool PIM integration
- The final objective of this thesis is to provide future recommendations
and ideas that will be derived from the experience in pursuing this thesis.
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1.4 Overview of Thesis

The next section summarizes an overview of the work presented in next chapters
along with some details.

1.4 Overview of Thesis

This section provides an overview of the thesis presented over the next five chap-
ters. It also includes the design and architectural references to the prototype and
how it has been realized. The thesis structure distinguishes the chapters in two
key areas: (a) Research Component - which is dedicated to the theoretical con-
cepts that lay the foundation for future discussions, and, (b) Prototype Design -
which discusses the design decisions and architectural concepts behind the pro-
totype developed. Figure 1.2 provides a diagrammatic overview of the thesis
structure.

ConclusionPrototype Design

Inefficiencies and Goals

Research
Component

Background Research

Chapter

Prototype
Component

Chapter 6
Summary

Future Work

Chapter 5
Implementation

Chapter 4
Digitary

Unifying Information

Chapter 3
Disscussion

Chapter 2
Literature Review

Prototype agenda

Detects inefficiencies
in current state

Figure 1.2: Diagrammatic Overview of Thesis Structure

Chapter 2 provides a detailed overview of PIM and PIM tools. Contemporary
PIM tools are discussed and compared followed by the current state of integration
among those tools. User-centric views on PIM in terms of: information acquisition,
storage, search and use are further discussed. It also provides a review of previous
researchs in this area. As mentioned in the Section 1.1, two main research areas
are analyzed: (a) Empirical research, and, (b) Prototype design.

Chapter 3 focuses primarily on inefficiencies and limitations of previous re-
searches. It provides a critical analysis of literature and technical analysis of
prototypes discussed in the previous chapter. Finally, it uses the foundation laid
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1. Introduction

by the previous chapters to establish the goals that must be achieved by the pro-
totype. The primary goal is to associate information with similar contexts but
with varying information format to be searched and used together. Also, user
must be able to convert his/her intelligence into a digital format without the need
to switch among multiple applications.

Chapter 4 provides a detailed overview of the prototype built as a proof of
concept. This chapter is entirely dedicated describing the architecture and the
technologies used in order to develop the web-based prototype. We also discuss
the reasons for choosing the specific technology and how the goals were achieved.

Chapter 5 provides an overview of the proposed prototype from users point of
view and also presents its core functionalities. The information provided in this
chapter explains how to use the prototype in order to achieve the goals mentioned
in the previous chapter.

Chapter 6 provides comprehensive summary and enumerates future enhance-
ments that could be included in the prototype.

8



2 Literature Review

This chapter provides a review of prior research in the field of PIM. Section 2.1
provides an overview of HCI. Section 2.2 gives an introduction of PIM by defin-
ing various fundamental concepts and activities associated with PIM. Section
2.3 presents the problems users face while managing their personal information
using various PIM tools. The most widely used method for exchanging digital in-
formation is described Section 2.4. Section 2.5 provides assimilation of distinct
information. Section 2.6 reviews previous influential researches on PIM dedicat-
ing two subsections - Sub-section 2.6.1 reviewing empirical research work and
Sub-section 2.6.2 provides research in prototype design. Sub section 2.6.3
presents current commercial PIM tools that are widely used in the market.

2.1 Human-Computer Interaction

Human-Computer Interaction is defined by [Kim, 2012] as “a cross-disciplinary
area that deals with the theory, design, implementation, and evaluation of the
ways that humans use and interact with computing devices”. HCI has continued
to indulge in how users view, absorb, manipulate and use information to their
benefits. Out of many basic HCI principles, two major principles are: (1) knowl-
edge of the user, and, (2) knowledge of the task. These principles help researchers
to design user interfaces that aim to decrease the memory load of the user. It
is important that when the user interacts with the system, he/she uses as little
working memory as possible. It is also known that humans perform tasks better
that require less use of memory (working, long and short-term memory).

The task-artifact cycle presented by [Carroll and Rosson, 1992] (See Figure
2.1) suggests that the task and the artifact to perform the task, are dependent on
each other and co-evolve. This means that the task sets the requirements for the
design of the artifact which is used to perform it and in turn the artifact provides
new sets of functionalities (or constraints) on the performance of the task. We
could also infer that artifacts suggest a revision of the original task in question
and therefore, an iterative process of design and re-design is expected. In terms
of software product, it means an endless version of software development.

9



2. Literature Review

ArtifactsTasks

Possibilities

Requirements

Figure 2.1: The Task-Artifact cycle [Carroll and Rosson, 1992]

It is, however, noted that this design philosophy poses a problem to the infor-
mation systems and the tasks in context. The iterative nature of this design is
bound to change the “original ”task. For instance, an artifact may discover new
task possibilities in a sub-optimal way leading to further iterations. It must also
be noted that the human context in use is ever evolving [Wilson, 2007]. Hence,
the reuse of HCI knowledge is limited and specific to a context of use as opposed
to software engineering, example, object-oriented design patterns [Gamma, 1995].
[Sutcliffe, 2000] proposes a new framework to classify artifacts in terms of the task
they perform and the context in which the task is performed such that they can
be reused by usability designers. He classifies information systems in architectural
families and application/functionality families. Architecture families represent ar-
tifacts based on the general user interface, example, haptic interaction Graphical
User Interface (GUI). Application families represent artifacts based on the func-
tional domain they serve, example, finance or Human Resource (HR) modules of
an Enterprise Resource Planning (ERP) system. Users work with many forms of
information. The study of PIM is an area which deals with human interaction
with computer system based on larger informational context.

2.2 Personal Information Management

PIM is no new concept, on a broader view, as defined in [Jones, 2007], it refers
to both the practice and the study of the activities users perform in order to ac-
quire, organize, maintain and retrieve information for everyday use. PIM includes
the management of information entering the human memory and the external in-
formation produced during the process of externalization of thoughts and ideas.
These information systems are designed for individual use to support activities
performed to organize the information related to daily lives. Personal informa-
tion management was first used in 1980s, in the midst of popular excitement over
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2.2 Personal Information Management

the potential of the personal computer to greatly enhance human ability to pro-
cess and manage information [Teevan et al., 2006]. The authors also describe the
advent of PIM tools with basic features such as managing appointments, to-do
lists, and contact information. PIM is a daily routine activity involving collec-
tion and information management in both physical and virtual(digital) domains.
[Barreau and Nardi, 1995] describes PIM as a “system developed by or created
for an individual for personal use in a work environment. Such a system includes
user’s methods and rules for acquiring the information, the mechanisms for or-
ganizing and storing the information, the rules and procedures for maintaining
the system, the mechanisms for retrieval, and procedures for producing various
outputs ”.

As the amount of information to which a user is exposed to increases, the
complexity of maintaining information also increases. The retrieval of desired
data from this complicated heap of information might lead to the loss of human
resources, like time and effort. In order to overcome this complexity, PIM tools
were introduced to assist and enhance human cognitive process. An important
goal of PIM tools is to achieve an ideal state of information, as described in
[Jones, 2004] where a user - “always has the right information in the right place,
in the right form, and of sufficient completeness and quality to meet our current
needs.”

2.2.1 Definitions

In order to gain a deeper insight into PIM, it is essential to familiarize oneself
with the important concepts associated with PIM. This section gives an overview
of the key concepts and their definitions as stated in [Jones, 2004].

1. Information and Information item
Information in relation to the context of PIM is considered as a source
to affect change. The focus is on the capacity perspective of information,
i.e., the value of information is relative to the context of its use which af-
fects change or influences actions. Users communicate information to affect
change. While on the other hand, information received influences the ac-
tions taken and the choices made by users. Information is no more restricted
to paper form but also available in multiple formats and versions. The dig-
itized information are distributed as information chunks or islands across
multiple applications or devices. These information chunks are packaged
and encapsulated into a persistent form known as information item that
can be created, processed and deleted as a whole. Users depend upon com-
puter based tools and applications such as an email client, a file manager,
etc during the process of interacting with information items. These tools
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partly determine the size, which is an associated information form like pa-
per documents, e-documents, files, email messages, etc, of the items.

2. Personal Space of Information(PSI)
The information users keep for their personal use, is the desired perspective
of personal information concerning PIM. All the information items belonging
to a user’s personal information that are ideally under the user’s control
form a Personal Space of Information (PSI). A PSI consists of everything
a user uses for managing his/her personal information such as books, paper
documents, email messages, e-documents and any other files distributed over
various devices. A PSI includes references to web pages stored as bookmarks
and also applications and tools used in searching information. Every user
has only one PSI but several Personal Information Environment (PIE). PIE
is a subset of PSI along with supporting tools, for example, a laptop, is a
PIE. PSI is a potential source of information that continues to grow and it
can be used in a number of different ways. For example, PSI can be used
to customize user experience, PSI can be used to derive important patterns
and improves a user’s productivity by effectively reusing the information.

3. Personal Information Collections(PIC)
Personal Information Collection (PIC) is described as a subset of PSI in
which some conscious effort is made to control the flow of information into
the information space and its organization. In general, PIC is a personally
ordered PSI, that consists of not just a set of information items but also
their organizational representations. A carefully maintained and organized
email inboxes, bookmarks, filing systems are examples of PIC.

4. PIM activities
PIM activities are described as an effort to establish, use and maintain a
mapping between information and need in [Jones, 2004]. The three columns
in the Figure 2.2 correspond to the three PIM activities. The leftmost
column represents needs, which is mostly a result of our recall(for exam-
ple, reservations for a trip) or a result of questions asked by others. The
rightmost column depicts information received from several sources like the
news heard over the radio or a message from friends over a phone call. Infor-
mation items like emails, e-documents, messages or even the notes taken can
be considered as examples of information. The column in the middle acts
as a link connecting need and information and therefore forms a mapping
between them.

PIM activities can be classified into two broad categories :

a) Based on Information lifecycle
PIM activities performed during input, storage and output stages are:
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Figure 2.2: Mapping between Needs and Information
[Jones, 2004]

i. Keeping
The activities that affect the input stage of information lifecycle
and thereby the input of information into a PSI.

ii. Finding or re-finding
The activities that affect the output stage of information lifecycle
and thereby the output of information from a PSI.

iii. M-level
The activities that affect the storage stage of information lifecycle
and thereby the storage of information within a PSI.

b) Based on the primary focus of the users

i. Focus on Need
In this case a user initially has a need and attempts to find infor-
mation that meets the need. For instance, in order to prepare a
presentation, a user must search for the desired content either lo-
cally in their system or from external sources, like search or browse
through web. Then the user must scan through the results obtained
from the search in an attempt to find information items related to
the need. This process of searching information items associated
to a need is termed as finding activities.

13



2. Literature Review

ii. Focus on Information
Information is fluid, users are exposed to different formats of in-
formation. Let us consider an example, where a user comes across
an interesting seminar over the internet. Now the user may attend
it, in which case, saves the information related to the seminar, like
the date of the seminar as a calendar entry, or may not attend it
and thereby may or may not save the information. These deci-
sions and actions taken by the user on encountering information
are collectively termed as keeping activities.

iii. Focus on Mapping
Mapping is a PIM activity that maps or connects user needs to
information and is referred to as M-level activities. ’M’ - level
activities can be associated to different terms based on the con-
text. ’M’ can refer to mapping, meta, maintaining and organiz-
ing, managing, measuring or even manipulating and making sense.
Mappings for a PSI may have an external representation that is
observable but mostly they are internal to a person’s memory. A
sort or a search function along with the mappings lead to desired
information needed by a user. M-level refers to designing a schema
structuring and organizing information in a PSI. Maintaining and
organizing information involves the implementation of the designed
schema through actual creation of folders and their hierarchy or
properties.

2.3 Information Fragmentation

Several applications and tools have been designed to assist and enhance the ability
of users to manage their information. In [Karger and Jones, 2006], an explanation
of how these help in managing information on one hand can prove to be a limitation
on the other. Decision making depends on information from sources, however,
every application has its own way of storing information that are not compatible
with other applications and therefore inaccessible.

Let us now consider an example of how an individual would manage personal
information. Addresses of friends or colleagues are maintained in address book,
while their pictures are stored in photo albums. Home pages are saved in web
bookmarks, a document that is being edited collectively in the file system and
appointments are noted in the calendar. This distribution of information across
several locations leads to a situation known as information fragmentation, making
it difficult to use and update information. Since, the information associated with a
single friend or a colleague is scattered across several locations, there is no distinct
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place where a user can look for all the related information. Moreover, these
distributed pieces of related information cannot be associated with one another.

[Mesquilla, 2016] presents three dimensions of information fragmentation on a
broad context, which are as follows:

1. Application Fragmentation
Every individual performs a list of activities or tasks on a day-to-day basis,
which may include some or all of the following subjects such as to-do items,
notes, projects, emails, web bookmarks, calendar items, etc. All of these
activities are managed by different applications that are not consistent with
each other and thereby fragmenting the managed information.

2. Device Fragmentation
Information is distributed across different devices. A user saves some of
his/her information on the home desktop, some on the laptop at workplace
and some on the mobile device or a tablet. In several cases, same informa-
tion is stored on different devices, for example, contacts could be saved on
user’s phone, laptop, desktop, and card catalog. This leads to consistency
problems, since any change to an item has to be replicated in all the devices
where the information was stored forcing redundant activities.

3. Users Fragmentation
Occurs when a group of users are working together on a single project and
each member has a different version of data.

Even on a single device, which is used for storing and maintaining information
items for future reference and retrieval, information gets fragmented.
[Bergman et al., 2006] presents the fragmentation problem that arises in the pro-
cess of personal information management. Information items described in Section
2.2.1 that are used during PIM activities are categorized and stored in separate
categories based on their formats. As illustrated in the Figure 2.3, documents are
stored in a hierarchical folder structure for e.g. in My Documents folder. While
emails are stored in their own mailbox hierarchy and bookmarks of frequently
used websites are saved in yet another hierarchy of browser folders. The informa-
tion items that are a part of user’s PIM activities are distributed across different
hierarchical folders and thereby fragmenting the information on the same device.
Management of several hierarchical information stored in different folders can lead
to loss in resources such as time and effort. Moreover, maintaining consistency
between related information which are part of different folders can prove to be
a challenging effort and lead to cognitive load. Besides these challenges, the in-
formation stored in each of the different folders are used by different applications
that are incompatible and therefore unable to communicate among each other.

[Bergman et al., 2006] also describes project fragmentation problem, where an
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Figure 2.3: Information Fragmentation
[Bergman et al., 2006]

individual is compelled to switch from one application to another to access related
data that is stored in structurally different folders. The basic PIM activities,
such as Keeping and Finding as discussed in the Section 2.2.1, are affected by
information fragmentation as described in [Jones et al., 2005].

2.4 Emails and its workflow

In this section, Email is presented and the way users use email to manage their
personal information are described in detail.

Email was primarily designed as a medium of communication in order to ex-
change digital information over the internet and forms an integral part of the
personnel and work space of an individual. Emails are predominant means of
communication, as it allows users located in different geographical locations to
exchange information across time and space, making it a primary contributor for
communication. Users are exposed to large volumes of email, that are either sent
or received.

[Whittaker et al., 2006], describes that emails are now being used to support
additional functions that were not taken into account while designing this mode
of communication, like task management, personal archiving, and contact man-
agement. These functions are used by users in the process of managing their
information and are regarded as the core PIM functions. Users spend consid-
erable amount of their time in using emails both at work and in personal life,
reflecting the importance of emails in their daily routine. [Venolia et al., 2001],
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presents research involving an attempt to develop an improved email client and
propose a conceptual model consisting of five different activities performed by
users while working on their emails were identified and a survey illustrating the
processes and their pros and cons are described in the following points:

1. Flow
Flow is an activity where users keep in pace with the flow of incoming
messages as they arrive, while simultaneously working on other tasks. Most
of the information exchange happens through emails. Therefore, users are
required to be constantly updated with the newly arriving messages. The
survey conducted clearly depicts the sensitivity of email users towards newly
arriving messages. Users are notified when a new message is received while
they work on other tasks. Several other tasks emerge that may include
evaluation of the message and deciding on appropriate actions. Thereby, flow
is described as a secondary activity running in background and is unrelated
to the primary tasks like editing a document, reading a e-book, etc.

An email client such as Microsoft (MS) - Outlook implements flow activ-
ity in three different ways. Users are made aware of a new message either
by playing a sound, displaying as icon in the task bar, or even by simply
changing the mouse pointer. Once the users are notified of the new email,
in order to get a detailed description of the message, they can navigate to
MS - Outlook. Users have to switch from one application to another while
simultaneously retaining or recalling the context associated with each appli-
cation respectively. Such a scenario clearly renders the Flow activity itself
and the other related activities time consuming and unpleasant. By just
notifying the users of a new message with little or no information about the
message would force the user to switch to the email client that is undesir-
able. Instead, it would be more effective for the email client to provide the
context of the message containing sufficient information to decide an appro-
priate action. Therefore, the user interface of notification window that alerts
users of new messages should be designed such that decisive actions can be
performed. The research also presents several optimized ways of striking a
balance between attending primary task and a flow activity, for instance,
by setting message priorities. Section 2.4.1 presents a concept to improve
the flow activity by proposing users to process and not just check incoming
email messages.

2. Triage
Triage is an activity performed by users to catch up and work on the emails
accumulated in their absence. The process of deciding which action must
be performed on a specific message consumes lot of resources of the user
like, time and attention. The triage activity is carried out on users inbox in
several situations, as described below:
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Triage is the first and the foremost activity that is executed when a user has
not checked the inbox for quite a while. It is also executed when encounter-
ing full inbox and even on receiving important messages. The triage activity
transforms into a flow activity when performed on a single email message.
The research also describes two categories of strategies used by email users.
Firstly, users who process the emails in the same order as they receive use
serial strategy. These users belong to the category known as Serial users.
While the second category of users know as prioritized users inculcated pri-
oritized strategy to sort and group the messages based on sender or subject
line. The second strategy allow users to deal with large number of emails
consisting of a combination of important and junk email messages by utilis-
ing the available resources efficiently. Therefore, it is essential for the email
clients to design user interfaces that provide sufficient and relevant informa-
tion to the users in identifying important messages of their interest. Also
another productive design would be to list the conversational threads as
opposed to individual messages, this would prevent overpopulating inboxes
and simultaneously provide the context of the message.

3. Task management
Task management is one of the activities where email is used as reminder
to cue users of the tasks that needs be performed. The survey conducted,
evidently emphasizes the use of email as a task manager where, users retain
the email message as a reminder or as a reference to a task leading to an
automatic creation of to-do list. However, there are certain limitations asso-
ciated in using email to handle tasks, For instance, the survey with Outlook
as a tool, revealed the following shortcomings:

MS - Outlook provides a separate task list tool and has no effective approach
to handle tasks in a single method. The survey confirms that the task list
tool is least preferred and used as users mostly retain all the messages in the
inbox and don’t add it to any of the task-lists provided. The two strategies
followed in managing tasks in a better way is by grouping the messages and
flagging them. Messages may usually be retained in the inbox due to the
reason that they are yet to be processed. One of the solutions to organize
inbox to contain messages that need the most attention of users is proposed
in [Whittaker and Hirschberg, 2001] where the messages are clustered into
different categories as per their flags, like active, pending, etc. Thereby, the
messages are segregated into different views in an inbox. All the messages
are made visible to users and simultaneously allowing them to focus their
attention to the category of their interest. For example, the messages flagged
as pending are grouped and placed beneath the active cluster. Therefore,
the users can switch their attention to the different clusters when required
without having to let any of the messages go out of sight.
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4. Archive
Archive is a process of storing email for future reference. Users usually
compartmentalize data by organizing and arranging them into different cat-
egories, such as folders. This activity is performed for a simple reason that
the desired data can be accessed with minimal search effort, when required
in the future. Due to the value that the message content holds for the users,
messages are grouped and saved into systematically designed folder hier-
archies. Most of the email clients implement folders as an archiving tool.
However, the complexity of finding the archived messages increases with the
increasing number of folders and their level of depth. Some of the email
clients offer alphabetically organized folders which are not always desired
by the users. Since the most frequently used folders might get placed deep
down the hierarchy and placing the messages in these folders would require
the users to navigate through many levels. One of the trivial issues of an
email client such as outlook, is the single-folder-per-message problem, where
the main component inbox, consisting of different clusters is treated as a sin-
gle folder. This leads to a situation of messages getting removed from the
current folder (inbox), i.e, going out of sight when moved to another folder.
Thereby, the archive task interferes with the other email work flow tasks
such as triage and task management.

The user interface design solution proposed based on the survey conducted,
is to allow messages to be part of multiple folders and not limit them to a
single folder. This is achieved assigning labels to messages and providing
ample support tools for applying and managing labels. In order to make
labeling more efficient, number of objects to be labeled can be reduced by
associating labels to conversational threads and not to messages.

5. Retrieve
Retrieve is an activity conducted on archived email in order to recover the
stored email to perform a task. The retrieve activity is dependent on archiv-
ing process. The efficiency with which the users can quickly access the de-
sired information with less search effort is greatly influenced by the well-
formed and maintained folder hierarchies. When the folders are customized
and organized as per the user requirements, with well labeled information,
it becomes easier to retrieve the information in the future. Two important
strategies used for retrieval are searching and sorting. A productive ap-
proach involves sorting the messages based on a criteria, such as the subject
or the sender of the information to be retrieved and then applying search on
the sorted messages.

The user interface to support retrieval should consists of tools that efficiently
refines the sorting and searching processes. Some of the important filter
options to perform search include label, sender, date, etc. As discussed in
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the other workflow activities, a message turns out meaningful only in the
context of its use. Therefore, it is essential to present the message along
with the context even during the retrieval activity.

Emails are not just used to communicate information but also to perform mul-
tiple tasks, leading to a situation where email users are exposed to enormous
amount of information. This phenomenon of using emails for accomplishing mul-
tiple functions is known as “Email Overloading”. Even though, emails are now
being used for performing several tasks, the email clients are not in line with the
growing email functionalities.

2.4.1 Inbox Zero

As explained in the previous section, an overwhelming usage of email in the day to
day activities has resulted in a stressful situation. Article [Cecchinato et al., 2014],
explains the factors that determine the level to which users are affected by email
overload are related to the personal, cultural and contextual differences. The
article also explains how by changing one’s behavior, users can improve their ef-
ficiency in dealing with email and thereby reduce the stress related with email
overload. Several strategies and emails tools have been introduced to assist users
in managing their inboxes. Efficiency in dealing with email is dependent on the
behavioral changes that is specific to an individual. Therefore, it is more appro-
priate to incorporate an approach that could be customized and personalized to
meet the distinct behavior of a particular personal and not a generic solution.
Several solution models have been designed in order to ease the stress bound to
email overloading, one such strategy is Inbox Zero.

Merlin Mann, developer of the Inbox Zero concept, in article [Mann, 2007] de-
scribes Inbox Zero “as a sane approach to email insanity”. He also mentions
the importance of time and attention that are the valuable resources. Because
of the fact that these resources are finite, it forces people to strive hard to limit
the amount of their usage on emails and thereby allocate them to other essential
tasks. This approach is an adaptive solution that depends on the behavioral ac-
tions of the users. The fundamental idea behind Inbox Zero is that, emails are
just a medium that transfers messages from one point to another and not a place
of action due to which it should be consuming the least amount of any user’s
attention. Unfortunately, it is not the case in reality, people spend more than
the required amount of their valuable resources on the medium and fall short in
processing or performing the real actions.

One significant activity that could greatly impact the email overload situation
according to Merlin Mann is by inculcating a behavior of processing emails and
not just checking them. The concept of process to zero states that never check
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emails without processing it. Information processing is more than just responding
or checking emails, it involves decision making - that is deciding on what actions
have to carried out on the piece of information. This exercise of deciding, results
in a list of things to do, that is the actions to be performed. In the process of
performing an action, based on the context of a decision as to what the email
information means to a user, a consistent action-based system is developed that
makes working with emails more efficient.

Delete

Defer

Do

Respond

Delegate

Actions

Figure 2.4: Actions in Inbox Zero

[Mann, 2007], presents five potential actions performed on an email are as illus-
trated in the Figure 2.4 and described below:

1. Delete
Email messages that consist of information that is, and would be irrelevant
now, and in the future as per an individual’s knowledge or decision can be
moved to the delete category.

2. Delegate
Email messages that consists of tasks that cannot be carried out by the
recipient, belongs to the delegate category and has to delegated to the ap-
propriate person who can do the task.

3. Respond
Email messages that require short response or further querying falls under
the respond category. This activity can be performed immediately as it
requires small amount of time to generate a response.
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4. Defer
Email messages consisting of tasks associated with them and requires some
preprocessing before generating a response comes under the defer category.
This activity can be performed on the completion of preprocessing tasks.

5. Do
Email mesages that comprise of tasks which can be accomplished by the
email recipient right away belong to the do category.

“Inbox Zero is a conceptual tool for effective email management. It is a prag-
matic approach to manage emails and keep the inbox empty or almost empty
at all times where empty (or zero) does not refer to the number of emails in
the inbox but it refers to the amount of time a user’s attention is in the inbox”
[whatisit.com, 2016]. The key concepts include processing the emails periodically
by deciding the category of the email and acting accordingly. Processing emails
periodically throughout the day is very reassuring.

The process suggests that the user has taken a quick decision about every email
received and hence no information is missed. All popular email clients offer ways
to label or tag the emails so that nothing is forgotten and the user can easily sort
deferred tasks. However with increased number of labels or tags, the situation
might become worse with “Overflowing Labels ”, where the user must need to
invest extra productivity in maintaining the labels.

2.4.2 Task Management

Apart from being used as a personal information organizer and communication
tool, email is also used in managing tasks of an individual. It has evolved into a
system used to perform various complex activities such as organizing workflow in
project management, collaborating, scheduling meetings, tracking the list of tasks
to-do, etc [Bellotti et al., 2003]. Several research works have thrown light on the
importance of email as a task management tool, that supports various time and
task management activities. Some research works have illustrated the use of email
for the management of tasks at an individual level as a personal task manager
tool [Whittaker and Sidner, 1996]. Figure 2.5 shows how email messages are
converted into tasks by the add to task functionality provided by the Gmail. Some
of the actions performed through email to manage tasks collectively are - receiving,
assigning, using email as a reminder to track task status, to get an overview of the
projects comprising of tasks, selecting tasks to work on. The emergence of email
as an environment in organizations from which the tasks are assigned, received,
managed and delegated is described in [Ducheneaut and Bellotti, 2001].

Users receive large amounts of information through email and significant amount
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Figure 2.5: Email used as Personal Task Manager

of their time is spent in handling them. Moreover, email is now used extensively in
a number of other activities apart from being a simple message exchange system,
leading to some critical problems like email overload. This problem is just not
based on the quantity of email messages received by a user but, due to the fact that
the interfaces of most email clients have not been optimized for managing tasks.
[Khoussainov and Kushmerick, 2005] describes how email clients are designed for
individual work and provides less support for complex and collaborative activities
and have not stayed in pace to support activity oriented use of email.

2.5 Assimilating Distinct Information

Technology is used to achieve desired results in almost every field due to its perva-
sive nature. This has led to various formats of information generated from different
electronic devices available. The research work [Reimer et al., 2009], presents the
evolution of note taking activity of students in the academic field. There are a
variety of ways in which students take notes with the emergence technology. Rang-
ing from the traditional note taking with a pen and paper to a more complex note
taking involving electronic devices, for instance, while collecting literature on an
online library or the experiment results in a laboratory. Information that is col-
lected in all of the above ways and of varying formats is required to be assimilated
to analyse them as a single unit to accomplish desired goal such as completion of
a project in this case. This process of Information assimilation is a challenging
task since it requires users to be familiar with the different formats at the first
place and use several tools and applications to maintain the information gathered.
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Moreover, integrating the information acquired from various sources such as hand-
written notes, online journals, laboratory results, etc and in different formats like
word documents, pdf, worksheets is a tiering and time consuming task.

The challenge of assimilating information is not only prevalent in academics but
also in professional workplaces and is much more complicated as it involves man-
aging information of complex formats. For instance, note taking during project
meetings, requirement analysis and specification, test results of the project, etc,
comprise of or produce information of several formats. Assimilating and integrat-
ing these multitude forms of distinct information is a cumbersome process.

2.6 Researches on Personal Information
Management

[Boardman and Sasse, 2004] distinguishes the research on PIM in two key areas:
(1) Empirical studies, and, (2) Prototype design. In this section, we provide a
detailed discussion of the research and the body of work in both areas.

2.6.1 Research in Empirical Studies

Studies on information management began long before the advent of digital PIM
tools. [Malone, 1983] in his paper tries to understand the reason of management of
physical information within an organization such as files, papers, inventory records
and so on. His study has influenced researchers to further their research based on
the findings presented by him. Malone suggests that the study of problems users
face while storing, classifying and retrieving desired information can help PIM
tools to overcome them in the digital world. He also suggests that information
retrieval is not the only important aspect of information organization, but remind-
ing also has an equal weight. With his study, Malone added that reminders is
another need for PIM tools. He identifies two main user strategies for information
management: filing - which means organizing information in such a way that it
can be easily found whenever required, and piling - which means that the user
places in the information without any organization in such a place that it reminds
the user of the intended task. Using piling, users do not intentionally search for
information in order to remind them of some task. In the physical domain, sticky
notes are usually used for information piling.

Empirical research in the digital world have been very limited to certain types
of information. The focus of the research has until now been on specific informa-
tion formats like, emails [[Whittaker and Sidner, 1996], [Whittaker et al., 2000],
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[Whittaker et al., 2006]], web bookmarks [[Jones et al., 2001],
[Abrams et al., 1998]], files [[Barreau, 1995], [Barreau and Nardi, 1995]] and task
management [[Payne, 1993], [Blandford and Green, 2001]]. Table 2.1 provides a
summary of the studies in different information types. Although there have been
some researches on other information types, we will keep our discussions restricted
to emails, task management and note taking capabilities.

Type of information Studies
Files [Barreau, 1995], [Barreau and Nardi, 1995]
Emails [Whittaker et al., 2006],

[Whittaker and Sidner, 1996],
[Bellotti et al., 2005]

Task management [Blandford and Green, 2001]

Table 2.1: Summary of research studies of different information types

Many studies have confirmed that users face problems in classifying informa-
tion. [Lansdale, 1988] specifies difficulties present in completing tasks related to
organizing information and retrieving it later for use. In his study, the test sub-
jects faced problems of overlapping classification categories. He concluded that
classifying information based on its context and use is a cognitively difficult task.
The user also needs to remember every detail of the classification he/she creates
- from the context it carries to the reason why it was created. Classifications
once created may loose their importance after sometime. In that situation, the
user must re-visit his classifications and perform a clean up task. Based on the
lifetime of information and its use, [Barreau and Nardi, 1995] specify three types
of information - ephemeral, working and archived. Ephemeral information has a
short span of life with high priorities. These include to-do list and scheduling
entries. Working information has its use over a longer period of time and is re-
quired in context of a specific project. Users frequently retrieve or modify working
information. Example of this type could be user notes, which are related to a spe-
cific project and must be referred in order to finish tasks related to the project.
Archived information is a long-term information that users rarely use. They are
only kept to provide contextual meta-data to either working or ephemeral infor-
mation. [Barreau and Nardi, 1995] consider the importance of ephemeral/working
information over archived data.

Email has been the most researched information type and one of the most ex-
tensively used application [Whittaker and Sidner, 1996]. When introduced during
the early years in 1970s, its main purpose was communication. However, with time,
it is now used for additional purposes which were not part of the application do-
main during its design [Bellotti et al., 2003]. These additional purposes, like, task
management, contact management and organizing information, has led Whittaker
et. al. to coin the term email overload to represent such an existent problem.
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They classified email users into three groups in terms of their filing and archiving
behavior: (1) frequent filers who constantly cleaned their inbox, (2) spring clean-
ers who cleaned their inbox once every few months, and/or, (3) no filers who
did not clean up their inbox and used search tools to manage it. The qualitative
conclusion from the survey was that frequent filers report more control over their
email communication. Although, their study threw light on the problems users
face when using emails beyonds its scope of initial design - communication. They
pointed that users who use email as their personal information management often
end up having heavily loaded inboxes containing messages and message threads
that have been not archived or that have been overlooked. The survey in the
paper also showed that users faced difficulties while making decisions (regarding
the name of the folder and the content it must hold) to file an email irrespective
of the content it had. Users working on multiple assignments have relatively large
folder structures which increases load on their memory to remember the context
of each folder while filing emails to their corresponding folders. In addition to
this, subjects often forgot the significance of the content until the usefulness of
that content had passed. A detailed description of email and the various activities
users perform while working with email are presented in the Section 2.4.

As discussed in Section 2.3, another study by [Whittaker et al., 2006] indi-
cates problems of fragmentation in the context of email - when users leave the
information sent via emails without moving them to their respective PIM tools
(like calendar events, tasks, etc.) and lack of PIM support for other informa-
tion types. They propose two solutions for these problems - information cen-
tralization and information extraction by extending the concepts put forward by
[Dumais et al., 2016]. Putting different information formats at a centralized lo-
cation solves the problem of information fragmentation. Clients like MS Outlook
uses a similar approach providing a dedicated interface for email support and in-
cludes task management, calendar entries and contact management. However, the
data still remains unconnected (See Section 2.6.2.3).

In the area of task management using PIM tools, [Blandford and Green, 2001]
suggests to make use of the strengths and weaknesses of both paper-based task
management and digital task management systems in order to integrate the posi-
tive attributes of the methods. They argue to the claim of [Mackinlay et al., 1994]
that digital schedulers are more desirable than physical calendars as the study
showed that every tool is suited for a specific need and thus no single tool can
support every aspect of the functionality the user can perform (See Section 2.4).
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2.6.2 Research in Prototype Design

This section provides a review on prototypes that have been proposed in the aca-
demic domain. This area of research has been more active than the one discussed
in Section 2.6.1 . We structure this section in terms of the design philosophies
of the prototypes and the amount of inter-connection they have with other tools:

• Systems that are information specific - Section 2.6.2.1 gives a detailed
discussion about some unique PIM tools that aim to improve the design
of specific information type. These tools do not aim to provide integration
with other tools.

• Systems that provide increased integration - Section 2.6.2.2 discusses some
PIM tools built as a part of research prototypes and aim to provide an
increased level of integration with other PIM tools.

• Systems that provide unified management by embedding functionalities - Sec-
tion 2.6.2.3 dicusses PIM tools that prioritize to provide a single user in-
terface to manage and represent information of various types by embedding
extra design functionalities into an existing PIM tool.

2.6.2.1 Information-specific improved design

This section deals with tools that involve specific information format and pro-
vides an improved design for the PIM tool managing the information. The
major problem users face in managing their personal information is - how to
classify them [Malone, 1983]. Several prototypes and designs have been pro-
posed to tackle such a problem. One such prototype, SwiftFile, as proposed by
[Segal and Kephart, 2000], tries to automatically file email messages based on user
modeling techniques. It uses an advanced dynamic text classifier that observes
user’s email filing habits and makes decision. Studies show that an active user
maintains large number of folders for email filing activity. Thus, to make a deci-
sion to file an email in one of such folders involve huge cognitive load. SwiftFile
tries to decrease this load by providing folder suggestions to the user. Instead
of the user choosing from a large list of folders, users may now choose from top
three available choices. In order to keep the user completely in control of his/her
mailbox, SwiftFile does not take decisions to file an email but instead helps the
user in taking fast and effective decision.

Other commercial tools such as GMail uses a combination of multiple classifica-
tions using labels. This allows user to assign user-defined labels to an information
item and later search for the specified information using any combination of la-
bels. [Quan et al., 2003] suggests that this paradigm of information classification
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is closely associated to the folder hierarchy used by window manager although it
does not provide a hierarchical structure. The evaluation made in their report
suggests that users experienced better information filing and retrieval by using
multiple classification technique. The author urges further research in the real-
world setup. Online content management system like Wordpress has initiated a
similar design to categorize and tag their content using a one-level hierarchy with
(1) Categories, and, (2) Tags [Wordpress, 2016]. Categories represent broad range
of topics that are common to other types of information, like, traveling. they can
also be created in a hierarchical fashion. On the other hand, Tags, are used to
specifically describe an information in the category, like, Paris, Eiffel Tower. Using
this technique, information managed by PIM tools can be brought closer to the
window manager presentation type.

Other tool specific prototypes have offered new ways of creating and annotating
web pages with notes. [Jakobson, 2004] provides such a system wherein any user
can associate annotations “with a plurality of information resources accessible to a
client device ”. Web browsers offer users to access information via network where
users tend to surf variety of information in a short span of time. Although a user
can visit the web page again by storing the page hyperlink as a browser bookmark,
it is highly unlikely that the information will stay the same especially in dynamic
web-sites like availability of rooms in a hotel, or, a stock price on a web-site.
It, then, becomes quite difficult for the user to recollect the information he/she
might have already seen. The system, as mentioned in the patent, offers support
to link notes to a specific hyperlink. The note annotated or linked is stored in
the device’s file system and can be retrieved when the user again visits the same
hyperlink. Similar patents for prototype, such as described by [Sidana, 2000],
tries to modify the content of the response (a web-page) by wrapping annotated
information originally created by the user. Although such prototypes have been
discussed extensively in research, they have still not been able to make commercial
impacts. Most browsers still offer bookmarking a web-page as a way to organize
the personal information related to world wide web.

2.6.2.2 Improved integration between distinct tools

Integration between two distinct PIM tools has been limited in terms of research,
primarily, because of the fact that information management varies from user to
user. Although two research projects have been proposed that present strong
integration techniques based on the content and the structure of data. Apple
Data Detectors ([Nardi et al., 1998]) scans a selected region of text to find user-
relevant information like dates, email addresses, contact information and suggest
appropriate actions to the user. For example, an email address is scanned and if
it is already present in the contact manager, the details are shown to the user on
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hovering the mouse pointer. In case the email is not present, then a suggestion
to add the email as a contact is displayed. Similarly, dates are scanned and a
suggestion is made to the user to add the date in the calendar or to send an
email to his secretary for scheduling. This technology is one of the few researches
that found its way into the commercial project i.e. Apple MacOS. These ideas
of integration overloads the system programmer to understand all the possible
ways users might want to integrate the system with other tools. On the user’s
side, these interactions ties them to a specific tool and he/she might loose all
integration when moving to another tool with comparable functionalities.

[Dey et al., 1998] suggests the interactions mentioned so far as limitations and
propose a self-integrating system based on the information context of the user
- Cyberdesk. The integration is driven by concepts of chaining and combining,
where multiple services like browser, email client, contact manager can be chained
together and the information can flow from one service to the other based on user
interaction. The system, although, lacks evaluation, it can be extended to include
more sophisticated forms of user context.

Another prototype - Stuff I’ve seen (SIS), has been proposed by
[Dumais et al., 2016] makes it easier for the users to find the information that they
have already seen. It uses a single indexer to index every piece of information the
user has seen and is interested in, regardless of the type. It presents the user with
the provision to search all items from multiple PIM tools using a single query. The
results are displayed to the user based on the timestamp they were last read or
written. SIS also allows users to tag an item using meta-data annotations which
helps in retrieving the item efficiently and also reduces the need to separate item
using folder hierarchies.

Using meta-data to organize information has been greatly discussed by
[Dourish et al., 1999] in their prototype - Presto. Instead of using hierarchical
filing structures that are only limited to personal systems and still not existent
on the World Wide Web, Presto uses user-level document attributes for informa-
tion management. Multiple attributes could be associated to a single document
associating it with multiple roles. A document can have different meanings for
different users. Therefore, Presto defines a document space for a single user. Any
information in a document space can be referenced from another document space,
which might have different meta-data associated. The system is still in its devel-
opment stage and thus thorough evaluation has yet been a limitation. However,
the developers of Presto provide positive experience with the feedback they have
received from the academic community.
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2.6.2.3 Unification of multiple information formats using embedded
extensions

In this section, we focus our discussion on PIM tools that manage information of
a particular technological format but are extended using embedded designs and
functionalities so that other information formats are also supported.

There has been many research prototypes designed over the time that were em-
bedded with extra functionalities in email clients to support non-native informa-
tion formats like attached files, meeting request as in MS-Outlook. The prototype
- Raton Laveur , developed by [Bellotti and Smith, 2000] allows to attach notes,
file attachments and to-do items to an email. It also serves as a standard docu-
ment repository such that file attachments can be searched making them first-class
citizens. Embedding special PIM capabilities were included after a thorough user
data research. The design rationale for embedding functionalities is that emails
now provide a framework for a wide range of user tasks [Bellotti et al., 2003] and
thus sometimes criticized for overloaded activities [Whittaker and Sidner, 1996].

Another PIM tool developed by the same authors [Bellotti et al., 2003] tries to
decrease the gap between emails and tasks by embedding task management capa-
bilities in the email management prototype - Taskmaster. The claim for developing
the prototype follows that commercial email clients offering task management ca-
pabilities such as MS-Outlook, keeps the task list disconnected from the user’s
mailbox. Incoming or outgoing messages might contain task-related information
that stays hidden even when both activities are managed by the same PIM tool.
Taskmaster supports the integration by allowing to add task meta-data to an
existing email.

[Boardman, 2002] explains the problems faced by users while carrying out their
daily PIM activities in their Workspace and presents two improved prototype
designs that aims at unifying information. Electronic devices such as personal
computer, laptops, tablets, mobile phones are all a part of user’s workspace that
assist users in managing information and accomplishing tasks. The workspace of
users are distributed across several devices and applications. Such a distributed
workspace is advantageous as it provides any time access of personal information
to users. However, at the same time, such a distributed setup produces a lot
of redundant information leading to inconsistency in information. This means
that, when a change is made to information in one location, the change is not
propagated to other locations in the user’s workspace. The same information
is stored in different applications and devices in different formats. Moreover,
the formats are not compatible with each other giving rise to compartmentalized
information that are usable only in a specific format.

The main causes of information compartmentalization, as pointed out by
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[Boardman, 2002], are the poorly integrated PIM tools and their inconsistent soft-
ware designs. The research focuses on analyzing the user problems while managing
their personal information in compartmentalized workspaces. Based on the anal-
ysis some enhanced approaches to improve the effective usage of workspaces is
proposed and finally, an evaluation contributing to future electronic workspace
design guidelines is carried out. The two enhanced prototype designs towards
information unification are: WorkspaceMirror and Common Windows Metadata
(CWW). The whole structure developed by users while organizing and categoriz-
ing their information is shared between the PIM tools in WorkspaceMirror. For
instance, WorkSpace synchronizes folder hierarchies like the email messages in
Outlook, the Favorites folder containing web bookmarks or the Home directory
comprising personal documents. While the CWW uses labels to categorize re-
sources such as file, email or web bookmark and also use them as reminders to
carry out tasks. labels can also be grouped together resulting in an integrated list
of to-dos.

As discussed so far, research in the area of personal information management
gives rise to three dimensions of information systems:

Firstly, the information specific systems focus on designing improved and en-
hanced PIM tools for managing personal information of a specific format. In
current computing environment, users collect and use variety of information that
can be managed using a plethora of PIM tools available. Since, these systems
pay least attention in integrating the PIM tools, they force the users to maintain
several applications simultaneously with information being always compartmental-
ized due to the ineffective nature of PIM tool integration. An example presenting
the limitations of Information specific systems is as illustrated in the Figure 2.6
. User-defined labels feature in Gmail can be used to structure, sort and search
email messages. However, if a user wants to add an email address to his/her con-
tact list on the system, then he/she has to manually copy the address, switch to
contact manager and save the address. This involves a lot of context switch as
the user is forced to toggle from one application to another to perform a simple
task.

Secondly, the integrating systems, unlike the first, concentrate on binding sev-
eral distinct PIM tools to improve the utilization of resources such as time and
effort by bringing the different tools that are related to each other together. For
instance, When a user hovers over a date in an email message, options such as sav-
ing the date to the calendar or scheduling an appointment can be made available.
Two different PIM tools (email and calendar) assisting in the management of dif-
ferent personal information types are integrated to simplify user’s tasks. However,
since personal information management is user specific, there are two different lim-
itations associated with these systems - Firstly, developers are required to make
themselves aware of all possible ways users might want to integrate the system

31



2. Literature Review
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Figure 2.6: Limitations of Information Specific Systems

with other PIM tools. Secondly, all the PIM tool integrations in the current ap-
plication that are user customized, would be lost when users switch to another
application of similar functionality.

Thirdly, the embedded integrating systems, instead of integrating several dis-
tinct PIM tools, extend the functionality of a single PIM tool by embedding the
features of other PIM tools. The goal of this thesis is to provide an improved
design that preserves the focus on the fundamental functionality of a PIM tool.
Also providing additional features to support different information types without
overloading the PIM tool.

2.6.3 Contemporary PIM Tools

In all of the PIM tools discussed in this section, a folder structure and a hierarchy
is introduced to better organize the personal information. We have chosen MS
- Outlook and MS - OneNote as PIM tools for the discussion that are currently
available and leading the market.

2.6.3.1 Microsoft Outlook as E-Mail Manager

In the current era of technology, users are flooded with abundant information
that needs to exchanged immediately within the team or outside of the team.
Users can choose from a wide range of technologies such as email clients, video
conferencing, chat messenger and several others in order to share information.
The focus however, is on email client as this is one of the foundations to develop
the proposed thesis prototype.
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Microsoft Outlook is widely accepted email client used in assisting users to
manage their personal information of a specific type - email messages. Though
Outlook provides its users with several features including task manager, calendar,
note taking and contact manager, it is basically used in exchanging information
in the form of email messages.

2.6.3.2 Microsoft Outlook as Task Manager

One of the sought after PIM technology considered in managing emails at work-
place is Outlook. It is continually improving on implementing features to best
support users in their email management. One such feature is converting emails
to tasks where the user can use the content of the email to turn it into an ac-
tionable task. Outlook also provides users to view the emails related to the tasks.
However, it is not possible for the users to view the tasks associated to an email
while viewing the email.

2.6.3.3 Microsoft OneNote as Note Manager

In an environment that is growing constantly and bringing users together, it is
important to keep thoughts, ideas and results documented and safe. Users are
constantly on the go and using different devices, thereby the need arises for a
software that allows them to

• Use anywhere Add new ideas, edit or view the existing documents anywhere.

• Work together Collaborate with other users by sharing documents for view-
ing or editing.

• Keep things together Use the software at home or work to capture thoughts
and ideas.

MS - OneNote is an application that assists users in taking notes, documenting
their ideas, preparing To-Do lists. It not only allows users to organize and docu-
ment their thoughts but also provides adequate and flexible means for accessing
these documents over the internet and on any device or platform. MS - OneNote
is an electronic notebook as described in [OneNote, 2016] that assists users to or-
ganize their data in the form of notebooks. This electronic note-taking application
consists of multiple tabs and sections within every notebook to organize all the
notes and information required by the user.

Data is organized efficiently in an hierarchical structure, with notebook at the
top of the hierarchy followed by sections and finally pages. Pages are the basic

33



2. Literature Review

unit which comprises of notes entered by the users. Once the Notebook is created,
users can create as many sections and pages as required and users are provided
with unlimited pages inside a notebook. For creating notes users have to click
anywhere on the page screen and start typing. Formatting the text is done with
the controls given in the headers. MS - OneNote can also be used to save emails
as published on the [OneNote, 2016]. So every time a user wants to create a note
out of an email message he/she has to send an email to me@onetnote.com and the
content of the message will be saved to the selected location in the application.

2.7 Summary

This chapter begins with the introduction to a vast research field HCI, whose focus
is to come up with theories and designs that are implemented to make computing
devices more responsive and user friendly. Then in the Section 2.2, a streamlined
research area of HCI known as PIM is described. One of the foremost reasons for
users to interact with computers, is management of personal information such as
managing contacts, to-do lists, email messages, calendar, etc. PIM tools assist
users in performing activities associated in managing their personal information.
The most widely used method for exchanging information and related concepts
are explained in the Section 2.4. In the Section 2.6, a detailed discussion of
the two different research groups of PIM is elaborated. First group focuses on
research in empirical studies and the second group concentrates on research in
prototype design. The objective of this thesis is in-line with one of the concepts
of the latter research area that aims at unifying different information formats
by embedding additional features with extensions. Finally, In the Sub Section
2.6.3, MS- Outlook is taken as an example to illustrate the general functionalities
of the PIM tool described in the previous section. This chapter presents list of
helpful features in managing information that are already existing and point out
the limitations that needs to be improved.
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This chapter draws together two areas - empirical studies (See Section 2.6.1) and
design of prototypes (See Section 2.6.2) and limitations in the area of PIM tool
integration, criticized in literature, are identified in Section 3.1. The technical
analysis of prototypes from previous work in in Section 3.2 is used to motivate
the research agenda of this thesis . Finally, we present abstract goals in Section
3.3, derived from motivation, that forms the basis for the development of the
prototype. We, also, present a typical user scenario in Section 3.2.2 and draw
conclusions based on the current availability of PIM tools. Once the goals of the
thesis are presented, we revisit the scenario and draw new conclusions in Section
3.3.3 assuming the goals have been met. The conclusion derived in both cases is
then compared and presented.

3.1 Critical Analysis of Literature

As mentioned in Section 2.6, the two major areas of research in the field of PIM
are: (1) empirical research, and, (2) prototype design. Despite the previous body
of work, [Whittaker et al., 2000] affirms that not much attention has been given to
the empirical foundation of PIM research as compared to the “radical invention”of
PIM tools. They argue that the lack of work extending previous researches in HCI
community and failing to reach a consensus on descriptive vocabulary of user’s
needs and tasks and evaluation metrics has been major reasons in creating a strong
empirical foundation. Also it can be seen that much of empirical evaluations have
been done in tool-specific areas and concerning a specific information format like
emails, task management and bookmarks, to name a few. Integration of different
information formats has still eluded the research community of HCI.

Section 2.6.2 surveyed some key prototypes from previous literature focusing
primarily on the level of integration that are offered by them while managing
multiple information formats. We like to put forth two key problems: (1) Lack of
empirical foundation, and, (2) Lack of user evaluation. These prototypes can be
criticized in terms of making strong contributions to the “science”of HCI knowl-
edge repository. Because of these reasons, the prototype design and development
do not confirm to the task-artifact cycle [Carroll and Rosson, 1992] presented in
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Figure 2.1. Lack of integrated studies in user practices do not provide strong
foundation for tool design, which in turn hampers the systematic evaluation of
the tool.

This thesis focuses its finding on PIM-integration. Although, the foundations
of the thesis lacks empirical findings and user evaluation, much of the motivation
has been drawn from existing studies and prototypes.

3.2 Technical Analysis of Prototypes

In this section, we present some key findings of the previous prototypes designed
for handling multiple information formats. A strong technical analysis of the way
information is unified in those prototypes are present. These form the motivation
for specifying the goals of this thesis in Section 3.3. An observation on the
different ways PIM-integration has been developed in the studied prototypes can
be enumerated as follow:

1. Techniques that allow users to execute operation from one PIM tool to an-
other - A feature of MS-Windows is that a window search manager can be
used to search email items maintained by MS-Outlook.

2. Techniques that allow users to move information from one tool to another
- Apple’s Data Detectors [Nardi et al., 1998] scans a selected region of text
containing contact information in an email and suggests the user to add it
to the contact manager, which is a different PIM tool.

3. Techniques that allow various information formats to be able to embed in
a single PIM tool - A feature of Ravon Laveur [Bellotti and Smith, 2000]
allows to attach notes, attachments to an existing email.

3.2.1 Limitations of previous prototypes

Section 2.6.2 discussed many interesting prototypes using technically advanced
designs and their contributions in the area of HCI. [Whittaker et al., 2000] gives
a three step process for HCI practice: (1) user requirements gathering, (2) design,
and, (3) evaluation. If these steps are to be taken into consideration, then it can
be argued that much of the designs fail to complete the first and third steps, and
therefore does not make a substantial contribution in the field of HCI.

One key limitation of such prototypes is the lack of ability of a PIM tool to ex-
tend or mature its workflow without affecting the other. Integrating different PIM
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tools have been accomplished by annotating extra information with the current
type. In this section, we define the annotated entities as parent entities and the
annotations as child entities1. The parent entities form first-class citizens of the
system whereas the child entities are dependent on the existence of their parents.
This kind of design of adding an extra layer of information with an existing type
leads to many drawbacks. Both the parent and the child entity are strongly con-
nected which does not help either of them to extend their functionality without
affecting the other. If parent entity is removed, the child entities that were associ-
ated with it, are also removed automatically from the system. Special techniques
must be used in order to retain child entities when their parents are removed.

Another limitation that is observed while reviewing the previous prototypes
is the loss of bi-directional association between parent and child entities. When
speaking of multiple information formats, each format is unique and carries special
information for the user. Therefore, each information type must hold similar
importance in the integrated system. In the previous implementations, specific
entity is given a higher value in terms of their existence in the system than other
entities.

Another important criticism for these prototypes, is the lack of evaluation.
Evaluation of system is important to validate the claims of the designer regard-
ing the strength, weakness and usability of such applications. Most PIM inter-
faces have not been evaluated except Taskmaster [Bellotti et al., 2003] and Stuff
I’ve Seen (SIS) [Dumais et al., 2016]. Although most of the PIM tools have pre-
sented novel and innovative ideas, they have been termed as “radical invention
”by [Whittaker et al., 2000]. Usability questions are raised particularly for those
designs that deviate from traditional ways to more un-conventional ways of in-
formation presentation, like, using meta-data to segregate information instead of
using a traditional folder hierarchy. It can be also noted that many of the proto-
types developed have not grounded their foundation on user studies, Taskmaster
[Bellotti et al., 2003] being an exception. These systems are technologically moti-
vated and based on designer’s intuition. Therefore, user evaluation is particularly
important in such cases.

3.2.2 An example of using multiple information formats

In this section, we present a typical scenario of a user who uses multiple informa-
tion formats in his professional and personal life to get things done. We will also
present the way in which he uses multiple PIM tools and thus, will give a more

1Parent and child entities are only used to represent the relationship between annotated entity
and annotations respectively. They do not represent the data model of the underlying system
at all.
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closer look at the need to use an integrated tool. During the course of following
chapters, we will refer to this example and define the improvements that can be
done in order to achieve a hassle-free information management for the user.

In our example, we will consider a user named “John Doe”who started working
as a senior manager in an organization with a team of five analysts. John’s
organization uses an enterprise version of Microsoft Office suite for information
management. On a typical business day, John must communicate with his team
using MS - Outlook as an e-mail client. He must use MS- OneNote as his note
management system and MS - Outlook for task management within the team.

John is in a meeting with his client when he receives an e-mail from one of
his team-mates asking for a review on a certain report that is attached with the
email. Once the meeting ends, John uses Outlook to retrieve the attachment
and store it in his file system. Because the feedback on the report must be
done until 2 p.m., John decides to create a task for himself on Outlook’s task
manager. The review involves another team-mate Casie with whom John
must discuss certain aspects of the report. He must take down notes on MS -
OneNote but he cannot associate the note to the email he received.

We list some conclusions based on John’s experience with such a typical sce-
nario. This will also form the basis of our goals which we enumerate in Section
3.3 .

1. John has a single goal: Review and provide feedback before 2 p.m.

2. John has to use two different applications for managing information having
similar context.

3. Using two applications, a single goal is segregated into two different goals:
(1) Use MS - Outlook to read the email and fetch the attachment and create
a task, and (2) Use MS - OneNote to take down notes when taking inputs
about the report from another team-mate.

4. John toggles between applications which reduces his efficiency and increases
the load on his cognitive abilities.

5. John cannot use the power of associating items together that lead to the same
goal because of which he must always retain the context of the information
in his memory such that he can easily search for the items in future.

6. Information is disconnected even on a single application - tasks in MS -
Outlook cannot be integrated with emails on the same application.
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3.3 Goals

This section focuses in describing the goals which will lead to the prototype archi-
tecture design. The goals described here lays its foundation to the findings from
previous research theories and the theoretical solutions provided in the area of
PIM tools to provide better usability and efficiency (See Chapter 2). The first
part of the chapter presents the theoretical discussion of the design aspects used
to develop a prototype which combines different PIM tools to a single interface
to manage the personal information. While the later half of the chapter gives a
technical overview of the application.

3.3.1 Theoretical aspects

Goal 3.1 A web of associated user specific information

“The World Wide Web (WWW) is an information space where documents and
other web resources are identified by URLs, interlinked by hypertext links, and
can be accessed via the Internet.” [wikipedia, 2016] The proposed thesis prototype
follows the concept of world wide web, where different information types are linked
to each other with the help of associations. This allows the users to flow from
one information type to another related entity. Associations are similar to the
hypertext links of the world wide web which interconnects information in the
prototype.

Goal 3.2 Discrete method of creating, storing and viewing associated information

The thesis concentrates on enhancing the third type of system as explained in
the Section 2.6.2 by providing a single interface to a combination of PIM tools.
This ensures that users need not have to switch from one application to another
in order to manage different types of information. A single interface is used to
manage personal information of specific format as well as allow users to manage
other information types when required. This implies that users are not compelled
to follow any workflow to perform a task, rather enable users to follow their
own style of working with information. The prototype proposed combines the
PIM tools that assist in managing different information types by bringing them
together in a single application. This enhances the productivity of users, however,
it completely depends on the user’s will as to what features needs to be used.
The prototype application provides a relaxed model that doesn’t push the users
to bring all the embedded features to effective action. Even though the proposed
system provides a combination of PIM tools in a single application, it provides a
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disjunct view of information types by allowing users to use each of the PIM tools
individually without interfering with the other available PIM tools.

Goal 3.3 Association of common contextual data to information

PIM tools are used to provide users with an efficient and user friendly inter-
face solutions to manage their personal information. However, the research work
[Bergman et al., 2003], points out certain design limitations of current PIM tech-
nologies. The paper states that the PIM technologies oversee the fundamental
concept of a PIM system. That is, the activities performed during the manage-
ment of personal information is specific to a single individual. PIM tools usually
fall short in providing adequate support for users in managing the information to
which they are exposed to during their learning process. This is due to a simple
reason that the PIM system designers fail to view the attributes that differenti-
ates PIM from General Information Management(GIM) as indicated in the paper.
GIM system are general and cater to varied needs of multiple users and hence,
require attributes that interests many users i.e, objective attributes. Unlike the
GIM systems that takes into consideration a large number of users, PIM systems
are meant to serve a single user and thereby depend on the attributes that are spe-
cific to an individual user. Therefore, PIM systems should comprise of attributes
that are specific to and provided by the individual using the system i.e, subjective
attributes.

The design solution provided in the paper recommends to associate subjective
attributes that add value to the information. These attributes are provided by the
users when the information is encountered for the first time during the learning
process. Therefore, users are able to retrieve information more efficiently with
the user specific attributes assigned to the data. This thesis implements the prin-
ciple of subjective classification with the use of labels as subjective attributes.
Moreover, the thesis extends subjective classification by allowing users to assign
multiple labels to information items. This helps in more organized storage and
retrieval of the desired information. Assignment of multiple labels associate dif-
ferent roles to the same information. For instance, a user associates multiple
user-defined labels like - critical, insurance, pay. In this case, the email message
is placed under three different roles, that is the message is critical, related to in-
surance, and insurance has to be payed immediately. The user can now find this
message when searched for based on any or all of the roles.

Goal 3.4 Collective view of contextually related information

The goal of this thesis is to provide users with a collective view of all the related
information. Such a collective view enables users to easily access the associated
information when required and allows users to flow from one information type view
to another. As discussed in the previous goal 3.3 the prototype allows multiple
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label assignment to every information type available. This allows well structuring
of information types and also help users in retrieval of information when searched
for. Users get all the associated information types to a particular label in a single
view when searched for.

3.3.2 Technical aspects

The proposed thesis prototype, is an implementation of an application to support
PIM activities that embeds extensions to support new features. This approach
of embedding the features into a core functional platform improves productivity
of users by cutting down on the time needed to switch from one application to
another. Also reduces the overhead involved in maintaining multiple application
window leading to overall performance boost.

Users can create new tasks from emails, that associates the newly created task to
the email from which it was generated. It is also possible for the users to associate
their notes to tasks or emails. This makes the application an interrelated web of
information types. However, in spite of being interdependent, it is assured that the
system is not tightly coupled that would force the users to follow a strict work flow
to perform any action. The proposed system provides users with a more flexible
environment to follow their own way of working with, and managing information.
Such a platform gives users the freedom to work on a specific information type and
at the same time associate one type of information to another. This functionality
is accomplished by providing a collective view of related information within each
information type manager view. Digitary comprises of three mutually exclusive
views to manage tasks, emails and notes. Within each of these manager views, a
collective view consisting of other entities related to an information item of the
current manager view is displayed.

The prototype also allows users to categorize their information using self created
labels. Labels are short keywords which can be used to describe or categorize
the information. Labels can be assigned to all types of data: note, task or an
email. Which gives users the right to manage information in their own way. The
proposed system also features a label based search for all types of associated data
to a particular label in a single view. Users can also combine multiple labels for
searching the content.

3.3.3 Revisiting the example

In this section, we will revisit our example as described in Section 3.2.2 and
draw new conclusions based on the goals presented. The question we will answer
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- “if the goals described are achieved, will it solve the problems John faces while
using multiple PIM tools for single goal ? ”

To re-iterate our example precisely, we considered John Doe, a user who must
provide a feedback on a report to one of his team-mates before 2 p.m. He must also
consult one of his other team-mates while providing the feedback. John uses MS -
Outlook as his email client and task manager and MS - OneNote for taking down
notes. With the current goals in discussion, we reach the following conclusions:

1. John has a single goal: Review and provide feedback before 2 p.m.

2. John uses a single application with mutually exclusive views such that
emails, tasks and notes can be handled without any dependency on each
other (See Goal 3.2).

3. John does not toggle between two applications, thereby, decreasing the load
on his cognitive abilities.

4. John can use the power of associating items together that lead to the same
goal. This reduces the load on his memory to remember multiple contexts
belonging to same information (See Goal 3.1).

5. Information is connected with the possibility of mutually exclusive growth
while staying connected (See Goal 3.4)

3.4 Summary

In this chapter we have critically analyzed the academic researches and also pro-
vided technical analysis of the prototypes discussed in previous work. We found
out that most of the cross-tool PIMs embed the functionality of one tool into the
other. We have argued that this kind of PIM tool integration differentiates among
different information type in a way such that one information type holds prece-
dence over the embedded information type. We also found out that this kind of
differentiation between information types prohibits mutually exclusive extension
of the PIM tools in focus. We took the ideas from the previous researches and
extended them to derive the goals of the thesis. We propose cross-tool integration
in a way such that the PIM tools in question can be as mutually independent of
each other as possible. We use the concept of information association to achieve
the goal of minimum coupling between tools. Finally, we also compared a concrete
example realized when using the ideas from previous researches and when using
the ideas from the goals of this thesis.
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In this chapter, we introduce Digitary , a web-based prototype used for managing
different information formats within a single system. In the current implementa-
tion, we only support emails, tasks and notes management along with the option
of providing contextual information using labels. The design of Digitary lays its
foundation on the existing user studies and overcomes the problem of using mul-
tiple PIM tools. The implementation also reflects the goals from our findings.
In the following sections, we provide a detailed introduction on the development
approach and technologies that have been used in realizing the prototype.

4.1 System Architecture

Digitary is developed as a complete information management system which will
help users to manage their day-to-day communication, task and note management
in a seamless integrated fashion. The architecture of the application is greatly in-
fluenced by goals (See Section 3.3) identified during the conceptualization phase.
One of the core philosophy is “Access anywhere, anytime”that enables users to
use the application on multiple platforms and get the same view of their data.
Any change to the user data and the application will synchronize it on all plat-
forms without the user triggering synchronization event. The Figure 4.1 gives a
high-level architectural overview of the application:

This system is designed using a classical three tier architecture, with:

1. Presentation Tier: This is the top-most level of the application contain-
ing a user interface (or UI). The UI is built using HTML5, Bootstrap and
Javascript. It contains all of the visible web pages and handles input from
the user. It receives response from the service APIs as JSON and is respon-
sible for the display. This web application runs on Apache Tomcat server at
port 8443 using HTTPs protocol.

2. Service API Tier: This is the most important level which contains all the
application business logic. The service APIs are built as RESTful services
using Spring framework. It performs all the server side validations of user
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Figure 4.1: High-level architecture of Digitary

input and fetches data from underlying database. Once the user data is
fetched, it processes the data and sends it to the layer above it. The services
run on Apache Tomcat server at port 8443 using HTTPs protocol.

3. Database Tier: This layer provides the persistence required for the sys-
tem. The application uses a NoSQL graph database engine running as a
standalone server at port 2480. Transactions are atomic and managed at
this level.

4.2 The Development Process

4.2.1 Development Style

The work until now is primarily based on previous research studies and practical
requirements and not completely dependent on a specified user study due to which
the requirements have been mostly of iterative nature. The system is developed
using Agile-based software development [Martin, 2003] approach so as to integrate
evolving nature of requirements into the system. We also modified the conven-
tional development process to include a backlog sprint for every two development
sprints. Every requirement consisted of UI, Services and Database development
in parallel. The duration of a development sprint was set at two weeks and that
of backlog sprint was set at one week. Every sprint included maximum of four
requirements.
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4.2.2 Continuous Integration

With multiple developers working simultaneously on same requirement with de-
pendencies on each other, it is important to follow a standard practice so as to
have an efficient development process. We used the practice of Continuous In-
tegration that enabled us to integrate our development seamlessly and reduced
the need of extra efforts for back-tracking if errors or bugs were discovered. Not
having smaller frequent integration costs developers to invest more time in find-
ing and fixing problems. We used the following practices during the development
sprints:

1. Maintained a single source repository: https://bitbucket.org/account/

user/digitaryupb/projects/PROJ

2. Automated the complete build process using Apache Maven script. The
build process included code compilation, code generation, unit test case
execution, integration test case execution, automated documentation gener-
ation and complete site generation.

3. Automated the code deployment process using Jenkins CI server: http:

//digitary.cs.upb.de:9090/

4. Code checkin frequency was set at minimum twice everyday.

4.3 Technologies Used

It is important to choose the correct technologies while developing any product
depending on the use of the application and the requirements. The technologies,
we used while application development are open-source products. In this section,
we provide a brief overview of the major technologies we used and also provide
the reason for the choice.

4.3.1 Database - Graph Oriented

The three most important aspects of the application in terms of data are:

1. The most important observation in data model, as presented in Figure 4.7,
is association among entities and association of a single entity to multiple
labels.

2. The application must be able to store entities of varying formats.
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3. It must be possible to retrieve associations and move among them with less
turnaround time.

Relational databases are exceptionally good when storing structured data with
predefined column names. However, associations in relational database are not
first-class citizens, which means, to move from one entity to another, relational
database must query joins at runtime. The complexity of such joins are of the
order O(NlogN + MlogM), where N is the hashed table and M is the lookup
table. As the number of associations grow for a specific entity, the lookup time
will also increase. The Figure 4.2 shows how a join would function for an entity

tblUsertask

141 — Task1

142 — Task2

143 — Task3

144 — Task4

145 — Task5

tblUserNote

131 — Note1

132 — Note2

133 — Note3

134 — Note4

135 — Note5

tblAssociation

143 — 134

122 — 132

121 — 141

124 — 153

125 — 208

tblUserEmail

121 — Email1

122 — Email2

123 — Email3

124 — Email4

125 — Email5

TASK-TO-NOTEMESSAGE-TO-NOTEMESSAGE-TO-TASK

Figure 4.2: Structure of an information system

using an association table. To pull all the associated tasks for an email, it would
require an INNER JOIN of emailId from tblUserEmail to tblAssociation and an-
other INNER JOIN of tblAssociation to taskId of tblUserTask, thereby increasing
join costs. One solution to this problem could be to supplement the persistent
storage by a large cache, like Memcache or Ehcache, that could offload the under-
lying persistent storage, offer scalability and help in realizing the above mentioned
features. However, this would involve extra development costs and maintenance
costs thereby increasing complexity. Another problem in using relational database
is that it requires highly structured data. However, when dealing with entities of
varying formats, structured data cannot be expected.

We could resolve the problem of higher costs involving JOINS, if we could use
the power of graphs and adapt our storage capabilities closer to the data model.
Entities can be represented as nodes and associations between them as edges.
A graph structure treats edges as first-class citizens unlike relational databases.
Also, the current implementations of graph database offers unstructured data
storage which resolves our problem of different data formats. Among numerous
graph database implementations available, we chose OrientDB [OrientDB, 2016]
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as our persistent storage. It can run as a standalone database server. OrientDB
provides following features that were useful for the application and could be easily
integrated with the solution.

1. OrientDB is completely written in Java
As the application service API, discussed next, is written in Java, the inte-
gration of the database had no overhead.

2. OrientDB is Apache Blueprints compliant
Apache Blueprints [Apache, 2016] is standard API for graph database traver-
sal and computations. Using the API as an abstraction, provides the flexi-
bility to change the underlying graph database implementation to a different
one without any change to the existing code.

3. OrientDB supports ACID properties
OrientDB supports ACID properties for managing database transactions.

4.3.2 Services - RESTful API

One of the technical goals of the application is that it can be accessed from any-
where, which means, the application must be able to cater to the requests from
a variety of clients, such as web browsers or mobile/tablet apps 1. Therefore, it
is required to minimize the coupling between the client and server components.
We decided to develop server components as RESTful APIs in order for differ-
ent clients to be able to use the same component for serving their requests. The
server components are developed using Spring framework [Spring, 2016] that pro-
vides highly configurable model for developing Java enterprise applications. It also
provides an in-built RESTful web service framework that minimizes development
efforts by handling common boiler-plate codes in a standardized fashion. Out of
many available modules of the framework, we use four modules: (1) Spring Core,
(2) Spring AOP, (3) Spring MVC and (4) Spring Test. The request and response
uses JSON as the format of transferring data between the server and the client.

4.3.3 Client - Web Technologies

We have build our UI using - Bootstrap, Javascript, JQuery, Underscorejs, and
HTML. The reason behind choosing bootstrap is because it’s open source, respon-
sive, and is browser compatible. It speeds up the development process so there
is no need to start writing css and html from scratch. Developers can use ready
codes and customize them according to their requirements.

1Current prototype only has a web client developed
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4.4 Requirements Specification

This section contains specifications of all the functional and quality requirements
of the application. The functional requirements are defined as a part of seven sub-
systems, viz., (1) User Profile, (2) Emails, (3) Notebooks, (4) Tasks, (5) Labels, (6)
Search, and, (7) Authentication. Each sub-system will describe the requirements
as a UML Use Case diagram following by the explanation of each requirement.

4.4.1 User profile

This sub-system deals with the functional requirements for a user to manage
his/her profile. The use case diagram is described in Figure 4.3 along with the
description of the requirements in Table 4.1.

User

Sub-system: User Profile

includes

includes

includes

includes

includes

REQ 1.4

Logout

REQ 1.5

Delete Profile

REQ 1.2

Create Profile

REQ 1.3

Login

REQ 1.1

Open homepage

Figure 4.3: User Profile subsystem: Use Case Diagram
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Requirement
ID

Description Dependency

REQ 1.1 The application client is developed as
a HTML5 web application and there-
fore it must be supported by all ma-
jor browsers. The user must be able to
open the homepage of the application
and continue further activities.

N/A

REQ 1.2 The user must be able to create his/her
profile in the system.

REQ 1.1

REQ 1.3 The user must be able to log in to
the application with the user name and
password used while creating the ac-
count.

REQ 1.1
REQ 1.2

REQ 1.4 The user must be able to logout from
the application.

REQ 1.3

REQ 1.5 The user must be able to delete his/her
profile and every data related to the
user must be removed from the system.

REQ 1.3

Table 4.1: User Profile subsystem: Requirement Description

4.4.2 Emails

This sub-system deals with the functional requirements for a user to manage
his/her email account associated to the Digitary system. The use case diagram is
described in Figure 4.4 along with the description of the requirements in Table
4.2. The application uses two entities in the context of an email. An email
conversation - which is a collection of email messages. An email message is an
atomic unit in the email sub-system.

Requirement
ID

Description Dependency

REQ 2.1
The user must be able to add an email
account to his/her profile. N/A

REQ 2.2
The user must be able to delete an
email account from his/her profile.

REQ 2.1

REQ 2.3

The client must be able to synchronize
the email account after a predefined
time period. This will enable to fetch
new emails into the user’s mailbox.

REQ 2.1
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REQ 2.4

The user must be able to send an email
message as a reply to an existing email
(conversation) or as a new email (con-
versation).

REQ 2.1

REQ 2.5

The user must be able to delete an
email (conversation) from his/her mail-
box. This action must also be propa-
gated to Google API to delete the con-
versation from their system also.

REQ 2.1

REQ 2.6

The user must be able to archive
an existing email (conversation) from
his/her active mailbox. Once a con-
versation is archived, it will stay as
archived until the user un-archives it.

REQ 2.1

REQ 2.7

The user must be able to create a task
from email message view. The task cre-
ated will also be associated to the par-
ticular email message. Following this,
the task lifecycle will be independent
of the lifecycle of the associated email
message.

REQ 2.1

REQ 2.8

The user must be able to create a note
from email message view. The note cre-
ated will also be associated to the par-
ticular email message. Following this,
the note lifecycle will be independent
of the lifecycle of the associated email
message.

REQ 2.1

REQ 2.9

The user must be able to associate an
existing note or task from email mes-
sage view. The note or task will be
associated to the particular email mes-
sage. Following this, the note or task
lifecycle will be independent of the life-
cycle of the associated email message.

REQ 2.1

REQ 2.10
The user must be able to associate an
existing label to an email conversation.

REQ 2.1

REQ 2.11
The user must be able view all associ-
ated notes or tasks for any email mes-
sage.

REQ 2.1

Table 4.2: Email subsystem: Requirement Description
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Google API

User

Sub-system: Emails

REQ 2.11

View all associated
notes, tasks for
email message

REQ 2.9

Associate email message
to notes, tasks

REQ 2.5

Delete email

REQ 2.7

Create task
from email message

REQ 2.8

Create note
from email message

REQ 2.10

Associate email to
labels

REQ 2.6

Archive email

REQ 2.2

Delete email
account

REQ 2.3

Synchronize
email account

REQ 2.4

Send email

REQ 2.1

Add email
account

Figure 4.4: Emails subsystem: Use Case Diagram
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4.4.3 Notebooks

This sub-system deals with the functional requirements for a user to manage
his/her notebooks. The use case diagram is described in Figure 4.5 along with
the description of the requirements in Table 4.3.

User

Sub-system: Notebook

REQ 3.10

Delete note

REQ 3.9

Update note

REQ 3.7

Delete page

REQ 3.6

Update page

REQ 3.3

Update section

REQ 3.4

Delete section

REQ 3.13

View all associated
email messages, tasks for

note

REQ 3.12

Associate note
to email messages, tasks

REQ 3.5

Add page

REQ 3.14

Create task
from note

REQ 3.11

Associate note to
labels

REQ 3.8

Add note

REQ 3.2

Add section

REQ 3.1

Add notebook

Figure 4.5: Notebook subsystem: Use Case Diagram

Requirement
ID

Description Dependency

REQ 3.1
The user must be able to add notebook
to his/her profile. N/A

REQ 3.2

The user must be able to add sec-
tions under notebook. Users can create
unlimited number of sections under a
notebook.

REQ 3.1

52



4.4 Requirements Specification

REQ 3.3
The user must be able to update
existing sections. REQ 3.2

REQ 3.4
The user must be able to delete exist-
ing sections. REQ 3.2

REQ 3.5
The user must be able to add page un-
der sections. Multiple pages can be
added under sections.

REQ 3.2

REQ 3.6
The user must be able update existing
pages. REQ 3.5

REQ 3.7
The user must be able delete existing
pages. REQ 3.5

REQ 3.8
The user must be able to create notes
under pages. Users can create unlim-
ited notes inside a page.

REQ 3.5

REQ 3.9
The user must be able to update
existing notes. REQ 3.8

REQ 3.10
The user must be able to delete exist-
ing note. REQ 3.8

REQ 3.11
The user must be able to associate an
existing label to existing note. REQ 3.8

REQ 3.12

The user must be able to associate an
existing email message or task from
note view. The email message or task
will be associated to the particular
note. Following this, the email or task
lifecycle will be independent of the
lifecycle of the associated note.

REQ 3.8

REQ 3.13

The user must be able view all associ-
ated email messages or tasks for any
note.

REQ 3.8

REQ 3.14

The user must be able to create a task
from note view. The task created will
also be associated to the particular
note. Following this, the task lifecycle
will be independent of the lifecycle of
the associated note.

REQ 3.8

Table 4.3: Notebook subsystem: Requirement Description
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4.4.4 Tasks

This sub-system deals with the functional requirements for a user to manage
his/her tasks. The use case diagram is described in Figure 4.6 along with the
description of the requirements in Table 4.4.

User

Sub-system: Task

REQ 4.5

Delete task

REQ 4.4

Update task

REQ 4.2

Update TaskGroup

REQ 4.8

View all associated
email messages, notes for

task

REQ 4.7

Associate task
to email messages, notes

REQ 4.9

Create note
from task

REQ 4.6

Associate task to
labels

REQ 4.3

Add task

REQ 4.1

Add TaskGroup

Figure 4.6: Task subsystem: Use Case Diagram

Requirement
ID

Description Dependency

REQ 4.1
The user must be able to add
TaskGroup to his/her profile. N/A
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REQ 4.2
The user must be able to update
existing TaskGroup. REQ 4.1

REQ 4.3
The user must be able to add/create
tasks. REQ 4.1

REQ 4.4
The user must be able to update
existing tasks. REQ 4.3

REQ 4.5
The user must be able to delete exist-
ing tasks. REQ 4.3

REQ 4.6
The user must be able to associate an
existing label to existing task. REQ 4.3

REQ 4.7

The user must be able to associate an
existing tasks message or task from
note view. The email message or task
will be associated to the particular
note. Following this, the email or task
lifecycle will be independent of the
lifecycle of the associated note.

REQ 4.3

REQ 4.8

The user must be able view all associ-
ated email messages or notes for any
task.

REQ 4.3

REQ 4.9

The user must be able to create a note
from task view. The note created will
also be associated to the particular
task. Following this, the note lifecycle
will be independent of the lifecycle of
the associated task.

REQ 4.3

Table 4.4: Task subsystem: Requirement Description

4.5 Data Model

This section presents the logical view of the data model that is used in the appli-
cation. The data model treats every entity - email conversation/message, notes
and tasks, as first-class citizens of the system. This means that every entity can
reside in the system without the need of other entities. The Figure 4.7 represents
our data model as a graph.

The node with oType: User forms the root node for the sub-graph containing
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Figure 4.7: Data model of the system

the information of a specific user. A user node is composed of labels, notebooks,
taskgroups and email accounts. The node oType: Notebook forms the root
node for a specific notebook data comprising of notebook section, notebook section
page and notes. The notebook in the system forms a three-level hierarchy to
properly differentiate between notes of different projects and sub-projects. The
node oType: TaskGroup forms the root node for all the to-do entries within
the specified group. The node oType: Email Account forms the root node
for all the email data specified in that account. Again, in emails, we use a two-
level hierarchy with a conversation at the top level containing the email messages
present in the conversation. Figure 4.8 depicts the data model as a UML class
diagram.

4.6 Module Architecture

This section describes the overall module architecture in terms of the components
at different levels. Figure 4.9 shows a layered architecture where each level at
depth n provides data to level n - 1 and receives data from level n + 1. The
components in the figure uses two color codes: (1) colored: external 3rd party
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Label

- id: Object
- labelName: String
..

LabelStore

- id: Object
- notebookName: String
..

Message

- id: Object
- externalID: String
..

Conversation

- id: Object
- externalID: String
..

EmailAccount

- id: Object
- accountID: String
..

Task

- id: Object
- title: String
..

TaskBucket

- id: Object
- min: long
- max: long
..

TaskGroup

- id: Object
- taskGrpName: String
..

Note

- id: Object
- noteBody: String
..

NotebookSectionPage

- id: Object
- pageName: String
..

NotebookSection

- id: Object
- sectionName: String
..

Notebook

- id: Object
- notebookName: String
..

User

- id: Object
- userName: String
..

associated

*

associated
*

associated
*

labeledBy *

labeledBy

*

labeledBy

**

1

1..n

*

*

1..n

*

*

*

*

*

*

Figure 4.8: Data model as UML class diagram

APIs, and, (2) uncolored: developed as a part of the prototype. A description of
each component is provided as follows:

1. Request Validator
This component is provided by 3rd party Hibernate Bean validator and is
responsible for server side validation of the request from the client. Every
request requires few mandatory values and it is checked via the validator.
The validation rules are provided as Java bean annotations on the request
objects.

2. JSON Converter
This component is provided by 3rd party Jackson object mapper and is
responsible for automatically mapping JSON request to Java entity and
vice-versa for the response.

3. Controller
The controller layer provides API endpoints and HTTP request-response
meta-data. This is developed as a thin layer accepting HTTP requests from
clients and calling the respective service component for processing. The ben-
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External
API

Database
(OrientDB)

Blueprints API
An abstraction over Graph APIs

Object MapperRepository

Permission
Manager

JSON Converter

Service

Controller

Request Validator

Data Layer

Request Validation and
Controller

Application Logic

Figure 4.9: Structure of an information system

efit of abstracting the endpoints from actual service code is that the service
code can be easily ported as RMI calls or even packaged as a standalone
application.

4. Service
The service layer provides the main application logic to manipulate client
request and generate response. It also contains wiring among other compo-
nents at the middle layer.

5. Permission Manager
The permission manager helps the service layer to check user permissions
on specific data entities.

6. External API
The application interacts with external systems using their APIs. The com-
ponent External API, thereby, forms a bridge between the system and the
external API and decouples the dependency of the external system from the
service layer. This helps in code extensibility and maintainability.

7. Repository
The repository layer acts a communicating link between the service layer and
the database. This layer is only responsible for accessing data and updating
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them.

8. Object mapper
As discussed in Section 4.3.1, the application uses graph database as its
persistent storage, which means common ORM frameworks do not work as
they do with relational database. The object mapper layer tries to decouple
this behavior from the service layer such that the database can be inter-
changed with minimal code modifications into a relation database. Also,
using an object mapper makes object manipulation for service layer easy.

9. Blueprints API
Blueprints API is provide by Apache foundation to standardize access APIs
for graph databases. Using Blueprints API makes it possible to change the
current graph database into another graph oriented database. This way the
repository is decoupled from database implementation.

10. Database
Orient DB provides the persistent storage for the application. Being able
to run as a standalone database, the results can be retrieved using JSON
and/or as an object.

4.7 Package Structure

It has been an intent during development process to keep dependencies among
different layers and modules to a minimum such that each layer or module could
be extended independent of each other. The application is developed and pack-
aged into four modules where each module has a specific layer to support. Figure
4.10 shows the different modules and their dependencies on each other (external
dependencies are not included in the diagram). Every module includes compo-
nents explained in Section 4.6. We enumerate below detailed description of each
package:

1. digitary.core
This is the core package which contains all the interface definitions and
abstractions that must be used by the implementations. It also contains
entity definitions that are used by other package implementations. Every
other package depends on the core package.

2. digitary.data
This is the data-access level package containing repository implementa-
tions and object mappers. Any change of database from graph-oriented
to non-graph oriented requires re-implementation of this package. Changes
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digitary

uses

dependsdepends

digitary.service

1. Service
2. External API
3. Permission Manager

digitary.data

1. Repository
2. Object Mapper

digitary.webapp

1. Controller

digitary.core

1. Definitions
2. Entities

uses

Figure 4.10: Structure and module dependencies

to database within graph-orientation requires no change at this level.

3. digitary.service
This is the application logic package and contains any implementation, like
Permission Manager, that is required to process request and generate re-
sponse. This package also includes implementation to access external Ap-
plication Program Interfaces (APIs).

4. digitary.webapp
This is the web application wrapper that contains controller (API endpoints)
implementations and all other packages mentioned above.

4.8 Request-Response Sequence Diagram

In this section, we provide a typical sequence diagram for a request-response cy-
cle. All request-response cycles follow a similar sequence diagram. Figure 4.11
shows an example sequence diagram for a request-response cycle. This does not
correspond to any specific API but only depicts the flow of how the operations
are called.
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:Database :ObjectMapper:Repository:PermManager:Service:Controller

doSomething()

doPost()

doPre()

mapData()

getData()
getData()

checkPerm()

serviceXXX()

Figure 4.11: Structure and module dependencies

The following enumeration lists the use of each call:

1. doSomething()
The client calls the controller endpoint with a request.

2. serviceXXX()
The controller in turn call the service method so as to generate reponse
based on the request.

3. checkPerm()
The service method must check permissions of the user requesting data via
client on the specific data item. Two types of permissions are validated
based on the request type: (1) READ permission, and, (2) READWRITE
permission. If the validation fails, the service returns with an error.

4. doPre()
After validating the permissions, the service performs few pre-execution
logic, if needed.

5. getData()
Once the pre-execution steps are complete, the service method requests per-
sisted data from underlying repository layer.

6. fetchData()
The repository layer acts as an abstraction over the actual database. It uses
the fetchData call to get the data.

7. mapData()
The repository receives the data from underlying graph database as an
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Blueprints-compliant object. This object is then converted to a simple Java
bean using the object mappers. Finally, the data as simple Java bean is
returned to the repository which then returns it to the service layer.

8. doPost()
This is the final post-execution step that is performed by the service layer,
if needed, on the simple Java bean received from the repository layer.

4.9 Summary

In this section, we described in detail, the technical foundations and explanations
required to understand the specifications of the prototype. We followed a top-
down approach in describing the overall system design. The system architecture
(Section 4.1) and the data model (Section 4.5) echoes the goals from the pre-
vious chapter. Every entity is treated as first-class citizens in the system. To
make the development process efficient, we used continuous integration tools and
common repositories. We also presented the user requirements and abstractions
using layered and modular architectures. The next chapter provides screenshots
of the prototype and shows how every requirement mentioned in this chapter are
met using the prototype.
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5 Implementation of Digitary

In Chapter 4 the solution approach for the thesis and the architecture of the
prototype was discussed. This chapter gives an overview of the proposed system
- Digitary from the users point of view and presents its core functionalities.

5.1 Components of Digitary

Digitary is divided into 4 modules: Email, Tasks, Notes and Associations. The
application provides users with a compact yet loosely coupled environment to
manage their personal information. The module email helps users to manage
their inboxes by associating email client with their Digitary profile. Task module
allows users to create different task groups in order to create and store tasks. Note
module allows users to create notebooks in order to create and maintain notes.
Association module integrates the above three modules.

5.1.1 Authorization and User Login

Figure 5.1: Account creation and User Login in Digitary System
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In order to manage information in Digitary , users must create an account.
Figure 5.1 shows the home page where a user can create an account and existing
users can use their login credentials for logging into the system to manage their
emails, notes and tasks.

When users login to the application for the first time, they may perform one or
all of the initial setups involving the following steps:

1. Creation of Task group
Task group is created by the Add Task group function as shown in Figure
5.2. Task group is a container in which the tasks are stored. For the sake
of simplicity, currently the prototype allows creation of a single Task group
for a user.

Figure 5.2: Adding TaskGroup in Digitary System

2. Association of email account
Users can associate an email account to their Digitary profile as shown in
Figure 5.3 to manage their emails. In order to reduce complexity, at the
moment, Digitary offers association of only Gmail account in the prototype
and only one account can be associated with the profile.

Figure 5.3: Associating Email to Digitary System
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3. Creation of Notebook
Notebook is created by the Add Notebook function of Digitary as shown in
Figure 5.4. Notebook is a container where notes are stored. For the sake
of simplicity, currently the prototype allows creation of a single Notebook.

Figure 5.4: Adding Notebook in Digitary System

The most trivial functionality of Digitary “Discrete method of creating, storing
and viewing associated information”as discussed in goal 3.2 is accomplished by
giving users the freedom to utilize the application with a different combination
of features as per their needs. That is, the application can be used as a task
manager, note manager or an email manager individually. It can also be used as a
combination of any of the features or a complete PIM tool using all the supported
features. Figure 5.2, Figure 5.3 and Figure 5.4 illustrates how the different
personal information formats can be created and used individually or together.
Users can just associate an email account to their Digitary profile and manage
their emails without having to create tasks or notes. This explains that the users
are not compelled to follow a strict workflow to use the application and are free
to manage their personal information in their own style.

5.1.2 Task manager view in Digitary system

Task is an executable action that is performed to achieve a desired user goal. Task
list is a list of to-dos which users create to keep track of thing to be done. Users
can create tasks and add it to the task group container. The task manager view
as shown in the Figure 5.5 allows users to manage their tasks by categorizing
them into three different groups based on task status as described below:

1. Active: Tasks that haven’t crossed their deadline and are currently being
processed by the user, fall under active category.

2. Overdue: Tasks that are not accomplished even after exceeding their due
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date, fall under the overdue category.

3. Completed: Tasks that are accomplished within their respective due dates
and marked as complete by the users come under the completed category.

Figure 5.5: Sample task list in Digitary System

Every task comprises of following attributes: Priority, Due date and Labels
as illustrated in the Figure 5.5. Priority attribute can be set to any of the three
values - high, medium and low, this is used to indicate the urgency of respective
task execution. Due date is used to indicate the date within which the task needs
to be completed. The key feature of Digitary , is the usage of user defined labels.
Users can assign keywords as labels not only to task but also to other personal
information types like, email and note that is described in the following sections.
This improves the efficiency with which users can search for and retrieve the
desired information as the labels used in searching are defined by users. Three
possible actions that can be performed on any task, shown in Figure 5.5 are as
follows:

1. Edit allows users to modify the associations of the respective task and its
details. When the user clicks on the edit button, a pop up window com-
prising of the associative editor is displayed. Associative editor, unlike
any other usual text editors enables users to add or edit associations to the
task. Associative editor is one of the significant features of Digitary that
helps in achieving the goal “A web of associated user specific information”
as discussed in goal 3.1. Figure 5.6 illustrates the functionality of an as-
sociative editor. As depicted in the figure, users can associate the task to
other information types like email and note. Also users can view email and
note associations of a particular task by switching to the email and note tab
respectively in the associative editor window.

2. Create note for task function is used to add notes to task by creating a note
and associating it to the current task. If a user wants to create note for
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a task then user should click on the “Create note for task” button for the
respective task and a modal will open to create a note. In order to view the
created note user should click in the “Edit” button of the respective task
that will open the associative editor of respective task and then user should
click on notes association tab as shown in Figure 5.6. All the associated
notes will be listed in the view and if a user wants to delete any of the
associated notes, user can select the notes from the list and then click on
remove button. This will delete the association between task and notes but
the note will still be present in the Digitary system and can be seen under
notebook.

3. Delete function allows users to delete the task that is no longer referenced by
the user at present or in the future. Tasks that are irrelevant or practically
not achievable can be deleted. “Delete” button removes the respective task
and its associations from the Digitary system.

Figure 5.6: Associative Editor Task in Digitary System

5.1.3 Note manager view in Digitary system

Digitary allows its users to make notes and associate them to other information
types such as task and email. Notebook like a real world entity is a collection of
notes organised in pages and sections. Note manager assists users in managing
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their notebooks. Figure 5.7 depicts the hierarchal organisation of information,
where notebook is the topmost parent element in the hierarchy. Notebooks consists
of sections which in turn consist of pages, and notes are at the bottom of the
hierarchy. Users are free to create as many notes as they want inside a page.
Users can create unlimited pages inside sections and unlimited sections inside a
notebook.

Figure 5.7: Note manager view in Digitary System

Every note has certain actions associated with it as shown in the Figure 5.8. If
a user wants to create a task for the current note, he/she needs to click on “Create
Task” button and a popup window requesting for the details of the task to be
created is displayed. When users choose “Associative Editor” option, a window
with the current note details and its task and email associations are displayed.
The note control pane, apart from create task and associative editor, also displays
the user assigned “Labels” to a note. Labels are used as keywords while searching
for a particular information. The other options on the note control pane are
“Update” and “Delete” as their names suggests, update and delete options are
used to modify and remove the note respectively from Digitary .

Figure 5.8: Sample note with actions in Digitary System

By clicking on “Task Association” tab in the associative editor window, asso-
ciated task can be seen with all the task details. If a user wants to delete the
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association, then user can select the task and click remove button. This action
removes the selected task association, however, the task entity is still accessible
in the task manager.

5.1.4 Email manager view in Digitary system

3.

1.

2.

Figure 5.9: Sample email message with actions in Digitary System

After having successfully associated an email account in the initial setup, users
can manage their inbox messages of the email account associated with their Dig-
itary profile by selecting the email tab as shown in the Figure 5.9. Digitary
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system will fetch all the emails from Gmail server and display it in the email
manager view. This feature not only allows the users to manage their inboxes but
also perform all the operations like compose new messages or reply to messages
as they would normally do with their Gmail account.

Apart from the usual operations offered by other email clients, Digitary offers
additional features like “Create Task” , “Create Note” and also an “Associative
Editor”. As every entity in the Digitary system can be associated to other entities,
associative editor as described previously displays the existing associations of the
currently selected email message and also allows users to edit the associations.
When the users are required to create a task by referring to the content of email
messages, they can do so by selecting the create task option as depicted in the
illustration number 2 in the Figure 5.9. On filling in the task details and clicking
the update button, a task is created and associated with the email message. On
the other hand, if a user wants to attach a note to the email message, he/she
can do so by selecting the create note option and a popup window as shown
in the illustration number 3 of Figure 5.9 requesting for the note details is
presented. On filling the required note details and clicking the update button, a
note gets created and associated to the email message. In order to view any of
the associations created in the previous steps, associative editor can be selected
that displays all the associations.

5.1.5 Search By Label

This is a unique feature of Digitary system which empowers users with the visual
search. Users can search for the required information in two different ways:

1. Search with single label Users can search for the desired content by
selecting a single label on any information type such as email, note or task.
This presents the users with all the content belonging to different information
types associated with the label with which the user carries out the search.

2. Search with multiple labels User can select a combination of multiple
labels to search for required information. The search system will look for all
the notes, tasks and emails which are tagged with the combination of selected
labels and present them in a single view separated with tabs. This search
result consists of all the content which are labelled with the combination of
labels used as search criteria.

Labels are used in fulfil the goal “Collective view of contextually related infor-
mation” as described in goal 3.4. Digitary allows users to assign multiple labels
to a single entity as illustrated in the Figure 5.8, in this case, the note entity
is assigned 3 different labels - Critical, Definition and Discussion. With this fea-
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Figure 5.10: Sample email message with actions in Digitary System

ture, multiple dimensions can be applied to a single information type and thereby
enabling to view the same information in different perspective. This fulfils the
the goal “Association of common contextual data to information” as described in
goal 3.3. Another important feature supported by Digitary with respect to email
entity is that, labels are assigned to the complete conversation and not to a single
message which is part of the conversation.

5.2 Summary

In this chapter, we highlighted the steps to complete certain tasks on the Digitary
prototype. We included some screenshots to guide the user as to how he/she can
use the system. This chapter acts as a simple, comprehensive user manual for
the user. It can also be seen that the goals discussed in Section 3.3 has been
achieved by the prototype.

In the next chapter we provide the summary of the work achieved in this thesis
and we point out certain limitation of the prototype. We also give future en-
hancements that could be implemented in the prototype so as to extend its core
functionalities.
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6 Summary and Future Work

In this thesis, we have provided a new approach to manage personal information
of multiple types. As we reviewed the existing PIM tools supporting multiple
information types, we found that using the existing approaches of information
unification involved high coupling between different tools. These approaches pro-
hibit the PIM tools involved to extend their functionalities without affecting the
other. Our approach in this thesis presents a new way of information unification
by associating different information types in different PIM tools that is managed
using a single interface. We also argued that existing prototypes do not allow
bi-directional association of different information types.

Our prototype, Digitary , allows user to associate different information types
based on the context they provide. It also allow users to manipulate any informa-
tion content without affecting other associated information. Users can also define
meta-tags, in our case, labels, to provide contextual information for the entire
set of information space available. This gives users a feasible solution to “define
meta-data once, use everywhere”in every distinct information space.

Digitary is an early prototype and it is important that the development process
must continue. The ideas which helped in the development of the prototype are
gathered from a set of intuitions from existing literature [[Dourish et al., 1999],
[Mann, 2007], [Bellotti and Smith, 2000], [Bellotti et al., 2003]]. It is, therefore,
important to supplement these ideas with a concrete user-evaluation function. One
key limitation of the prototype is the lack of user evaluation. Therefore, the current
development process must be replaced by Extreme Programming which could help
in accommodating user evaluations in the product. Our goal in the thesis was to
understand better ways to connect information without pushing the user to change
their ways of information management. However, as the implementation is based
on the study of previous prototypes and developer’s intuition, it is very important
to substantiate the claims with detailed empirical foundation. Lack of empirical
studies and user evaluations of technologically-driven prototypes has been also
criticized in literature [Whittaker et al., 2000].

We also put forward certain technical enhancements that could not be imple-
mented in the prototype because of resource-constraints and which could provide
enhance the exiting way of developing integrated PIM systems.
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File manager is the oldest PIM tool in the area of information management and
requires less steeper learning curve for inexperienced users. It is also the most
frequently used tool which can provide hierarchical separation of information us-
ing folders. Integrating the prototype with file manager will help in extracting
the capabilities of folder hierarchy into the prototype. The information which is
currently arranged using flat meta-tags in the prototype can then be arranged in
a hierarchical fashion, thus, providing better manageability. The folders can be
created as virtual folders, changing the hierarchy of stored information based on
user filters. Another important extension to the prototype is content analysis as
described in Apple Data Detectors [Nardi et al., 1998]. This feature involves inputs
from the area of machine learning and can thus be used to create smart and proac-
tive PIM tools. Content analysis can help in identifying information properties
and thus help users taking decisions based on that information. Real-time collab-
oration is an area that must be addressed by PIM tools in order let co-workers
communicate seamlessly. Thus, integrating support for real time collaboration
increases the usability of the prototype.

The PIM tools will continue to evolve as new requirements are evaluated and
added into the PIM workflow. Therefore, it is important to base the requirements
on solid theoretical foundations and thorough evaluations must be done. Flex-
ibility of any PIM tool must also be a key characteristic when designing PIM
solutions.
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