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As realized from interviews and observations, operators in control rooms use
conventional pen and paper as an essential way of recording information. As a
consequence, they need to fill in many forms and transfer handwritten notes into the
system manually. This recording of daily activities takes extra time and workload.
Moreover, it is a bit messy for the operators to navigate and search the notes they
have written on the papers.
In recent years, pen-based user interfaces have become a popular research field.
Various kinds of pen-based applications have been developed for different purposes,
such as sketching and note taking. Pen-based user interfaces promise to provide the
user with a natural and intuitive way of interaction.
The goal for this thesis project is to explore and find out a natural way to digitalize
the hand-written notes into the power grid control system. This will hopefully
facilitate the process of real-time digital recording and communication. To achieve the
goal, a user-centered design process was involved and prototypes of a digital
pen-based user interface with a projection display were developed. Two fundamental
aspects add value to the proposed prototypes: the use of conventional paper for
natural interaction, and the use of gestures as a simple way of implementing
data-entry operations required by the user. Pen-gestures were designed based on a
quantitative user survey with 45 participants.
Finally, the prototypes of digital form-filling and gestures proposed were evaluated by
usability testing. The results showed that the gestures designed were easy to learn
and use. Participants liked the ways to digitalize the handwriting notes into the
system. In the future, more concepts can be developed to enable the pen as an
embedded part of the control system, and more gesture operations can be designed
and applied.
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1. Introduction
This master thesis project was conducted at ABB Corporate Research in Västerås, Sweden. It is
part of a larger research project, CosyViz, which is concerned with ABB's power grid control
centre solution Network Manager™ (NM). As a HMI (Human‐Machine Interaction) solution of
the NM GUI (Graphical User Interface), the WS500 system provides operators with demanding
real‐time control of geographically distributed processes. The research group at ABB is involved
in improving the system’s usability, navigation and methods for information visualization.
During a large part of the daily work, the operators switch off and regulate components that
have triggered alarms and also prevent alarms from triggering. Other important tasks are to plan
maintenance and see which components are sealed off from the grid during repair and
maintenance work. With the purpose to take care of these problems, control system operators
are facing issues of usability, interactivity and information visualization. In order to enhance and
improve the efficiency of their work, one of the current running projects is called Cosyviz. As a
sub‐division of the Cosyviz project, this thesis work has its specific concern, which is not only the
design of today’s work, but also aiming for the future design of the work context.
According to a field study conducted by the author’s colleagues as a precursor to this study,
operators in the control room use conventional pen and paper as an essential way for
information recording. They need to fill in many forms everyday and then transfer handwritten
notes into the system manually. This takes time and extra workload. It is also a bit messy for the
operators to navigate and search for notes being written on the paper.
In recent years, pen computing and pen‐based user interfaces have become a popular research
field. Various kinds of pen‐based applications have been developed for different purposes. The
pen‐based computing system promises to provide a pen‐and‐paper‐like interface to users, which
is natural and intuitive. If similar benefits can be obtained with a pen‐based digital note solution
without involving a trade‐off with easy‐of‐use, and free form, much time and efforts could be
saved from explicit digitalization and processing.

1.1

Research questions

The overall goal for this thesis project is to explore a natural way to digitalize the hand‐written
notes into the control room system. This would facilitate the operators’ process of real‐time
digital recording and communication. In order to achieve this goal, some preliminary tasks must
be performed and several main questions must be answered. These roughly coincide with the
thought process that runs through this project and will also formulate the project outline.


How to digitalize hand‐written notes into the system in a natural way?



How to enable intuitive human‐computer interaction when making the notes? What are
the obstacles?



How to manipulate the notes once they have been digitalized?
1
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1.2

Delimitations

The outcomes of the project are working prototypes which are going to be integrated into
current Cosyviz prototype system. However, according to the availability of current technology,
the prototypes vary from low‐feasibility to high‐feasibility. Also due to limited project timeline, it
is not possible to realize all the features proposed for the new system, the one with highest
priority was chosen for implementation.

1.3

Thesis outline

This section outlines the thesis structure. A brief description of each chapter and its contents is
mentioned below.
Chapter 1 (Introduction) explains the general context in which the project is carried out. The
research questions for carrying out the study are defined and project delimitations described.
Chapter 2 (Background) renders the background knowledge about the thesis. It defines the
necessary concepts or terms required to understand this study, for instance Network Manager,
previous field studies and pen‐based technologies etc.
Chapter 3 (Theory) provides an overview of the existing literature regarding the User‐Centered
Design (UCD) and gesture design in pen‐based interface. Different approaches and principles of
gesture design are studied and discussed here.
Chapter 4 (Methods) covers the methodology adopted to carry out this research. It covers the
research project lifecycle that was used throughout the project.
Chapter 5 (Results) provide details about the results of design and implementation of system
prototypes and pen gestures that used digital pen‐based techniques.
Chapter 6 (Usability testing) illustrates the usability evaluation phase of the thesis. It talks about
the usability testing plan, procedure and correlated findings. It illustrates the qualitative and
quantitative interpretations of the results of the empirical study.
Chapter 7 (Discussion) discusses the research in view of the conducted usability testing and
related work. The strengths and weaknesses in the results are discussed and a text on possible
improvements is presented.
Chapter 8 (Conclusion)concludes the observations and results.
Chapter 9 (Future work) opens up topics for further research with regards to the validity of this
study and suggests improvements in the current design solutions.
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2. Background
2.1

Network Manager

ABB is a global supplier of power and automation solutions. They enable their customers to
improve the efficiency of their systems and increase productivity.This thesis work has been
targeted with ABB's power grid control centre solution Network Manager [1]. Network Manager
is a Supervisory Control And Data Acquisition (SCADA)‐system. The software Network Manager,
developed by business unit Network Management, is mainly used as a supervision and control
system for large power networks (generation, transmission, and distribution). As a HMI (Human‐
Machine Interaction) solution of Network Manager™ Graphical user Interface, the WS500
system provides operators with demanding real‐time control of geographically distributed
processes. It is a very extensive application which enables an operator to both overview and
regulate the power generation process.
Supervision of the network conditions to apply corrective and preventive actions during
disturbances are key for network stability. A large part of the daily work of the operators goes to
switching off and regulate components that have triggered alarms and also to prevent alarms
from triggering. Other important tasks are to plan maintenance and see which components are
sealed off from the grid during repair and maintenance work.

2.2

Field study

With the purpose to understand the issues control system operators are facing within the field
of usability, interactivity and information visualization, and apply enhancements to improve the
efficiency of their work, one of the current running projects at ABB Corporate Research is called
Cosyviz. The Cosyviz group is working on building up a new prototype that improves some
critical usability and visualization aspects of Network Manager’s HMI. The end users who
currently use the software Network Manager have been analyzed and possible solutions have
been produced. As a sub‐division of the Cosyviz project, this thesis work is not only designated
for the current work situation, but also aims for future work contexts.
In order to better understand the operators’ goals and needs, field studies were conducted by
people in the Cosyviz group at ABB Corporate Research (not the author). The field study consists
of observing and interviewing operators in power grid control room; data has been captured by
sound recording and written documentations. The data collected from field studies stated that
operators need to write down lots of communication and activity information on paper.
Handwritten notes on paper were an essential part of operators’ way of working. They were
served as memory aids and means of communicating to other operators. Although the current
system provided the capability to record the notes by mouse and keyboard, there are number of
good reasons why handwritten notes are still practical in operator’s work:


Handwritten notes allow totally free form of notes. Mouse and keyboard interaction is
limited. Operators can freely make text writings, calculations or drawings.

3
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Handwriting is usually faster to do than typing. Operators are not computer experts
equipped with computer mentality, they prefer the most natural way for them.



Notes on paper are extremely simple to be shared with others. Operators’ screens are
already full of data and they would never have thought of using instant messenger on
computer. Just by simply handing over a paper is preferred than computer‐based
communication.

If similar benefits can be obtained with a pen‐based digital note solution without involving a
trade‐off with easy‐of‐use, and free form, much time could be saved from explicit digitalization
and processing.

2.3

Penbased computing and technologies

In the past, the development of computer systems was mainly focused on only functionality and
performance. Computer users were assumed to be familiar with the applications and not much
effort was spent on user interface design. However, through the development of computer
technologies, the users of computer systems today are expanded to ordinary people who are
neither computer expert nor trained with computer knowledge [2].
Pen computing, i.e., the use of computers and applications where the pen is the main input
device, promises to provide many of the benefits that pen and paper have [3]. The pen‐based
computing system can provide pen‐and‐paper‐like interface to users which is natural and
intuitive. It provides a natural pen‐like input mechanism, i.e. users can write on screen as if they
write on the paper.
The field of pen‐based computing has mainly concerned itself with handheld mobile computers.
The advent of the digital pen (in some cases, accompanied by digital paper), provided new
capabilities for pen‐based computing.
2.3.1 Handheld computer
Handheld computers such as PDAs (Personal Digital Assistant) are pocket‐sized computing
devices, typically featured with a touch‐screen for user interaction. A pen‐like detachable stylus,
instead of a keyboard or mouse was used on the touch screen to operate the computer. With
the stylus, users can interact with the computer by tapping the screen to activate buttons or
menu selection, and dragging the stylus for highlighting. For text input, the interaction can be
done in two ways:


Letter or word recognition, where letters or words are written on the touch screen, and
then "translated" to letters in the currently activated text field [4].



Stroke recognition (one of these implementations is called Graffiti [5]). In this system,
characters used in input were recognized as set of strokes instead of letters. A predefined
alphabet is used for matching stroke to certain character.
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Pen‐based computing for handheld devices used pen‐and‐paper metaphor for interaction. It
also supported a number of capabilities that conventional paper does not have, such as search
and hyper linking. However, paper is still the most popular medium for sketching, note taking
and form filling, as it processes a unique combination of features, such as its cheapness,
lightness, reliability, availability, flexibility and ease of use.
2.3.2 Digital Pen
A digital pen is a battery‐operated writing instrument that captures the handwritten notes or
drawings of a user and digitizes them, so that they may be downloaded on a computer via a
Universal Serial Bus (USB) or Bluetooth technology and displayed on the monitor. Currently
there are three dominant technologies:
1) Using a combination of ultrasound and infrared to detect positions and movements of a pen
on any kinds of paper or surfaces over a specific region. Companies such as Pegasus [6] have
employed this technology into their products.
2) Containing an integrated digital camera and an advanced image microprocessor to capture
the handwriting on special digital paper. The digital paper consists of an invisible dot pattern
that uniquely identifiy the position coordinates on the paper. The digital pen uses this
pattern to store the handwriting and upload it to a computer. Pen products such as Anoto [7]
and Logitech IO2 [8] adopt this technology.
3) Tablet‐based inputs, commonly found on graphics tablets made by manufacturers such as
Wacom [9].
Instead of using pen‐and‐paper metaphor, the digital pen (and paper) is using an actual pen to
write on actual paper. It maintains the unique features of conventional paper and also utilizes
the powerful features of computer technology for digital processing. Most problems arisen for
digital pen (and paper) processing are due to that no direct feedback is available to the user
when an operation is performed.
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3. Theory
3.1

Interaction Design

Interaction design is the discipline of designing interactive products to support people in their
everyday and working lives [10]. It defines the behavior of systems and also concerned with
form and content as they related to system behavior and user input. The primary objective of
interaction design consists of both usability goals and user experience goals. Usability goals are
mainly concerned with meeting specific usability criteria (e.g. efficiency, learnability,
effectiveness) and user experience goals are largely concerned with explicating the quality of
the user experience (e.g. satisfactory, enjoyable, aesthetically pleasing). Interaction design aims
to minimize the learning curve and to increase user productivity and satisfaction.
The term interaction design was first proposed by Bill Moggridge in the late 1980s, and the
methodology has been fully developed by Alan Cooper [11]. Interaction design originally
referred to the application of industrial design to products containing software. As the further
wave of technological development surfaced, new forms of products have been emerged in,
more complex functions and human interactions are involved, people have realized the
importance of interaction design to produce an effective, efficient and satisfactory way for user
interaction.
Interaction design has been expended and applied in many areas that dealt with a board scope
of issues, topics and paradigms, including internet, software interfaces, information systems,
physical products, virtual environment, and service design. Each area requires its own domain
knowledge and skills, but there are common aspects which interaction design applies to all.
Interaction designers often work in interdisciplinary teams involving people from different
domain areas and backgrounds, such as graphic design, cognitive psychology, programming,
production design and usability testing. This can help the process of idea generation,
development of new methods and production of creative designs. However, the more people
there are with different backgrounds in a design team, the more difficult to reach consensus on
decisions regarding design. Since people with different backgrounds hold different perspectives
and ways of thinking, they would propose very different ideas for the same design. Sometimes;
these ideas even contradicted with each other. It would take extra time and efforts to make
concrete design decisions. [10]

3.2

UserCentered Design

In a board term, user‐centered design (UCD) is a design philosophy and a process in which the
needs, wants, and limitations of the end user of an interface or document are given extensive
attention at each stage of the design process [12]. UCD is a multi‐stage problem solving process
that focuses on users through planning, design and development of a product. The UCD process
is not only to analyze how users are likely to use a system or product, but also to validate the
assumptions regards to user behavior by real world testing with actual users. UCD tries to
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optimize the interface according to how people can, want, or need to work, rather than forcing
the users to change their work process to satisfy the software developers approach.
Applying UCD in the system development process will help designers increase user productivity,
efficiency, accuracy and satisfaction, but decrease development and maintenance costs.
The International Standard for UCD
There is an international standard that provides the basis for many UCD methodologies. The ISO
standard Human‐centered design processes for interactive systems [43] defines a general
process for including human‐centred activities throughout a development life‐cycle, but does
not specify exact methods. The standard describes UCD as a multidiscipline activity where
human factors and ergonomics knowledge and techniques are involved. It is aiming for
improving human working conditions, enhancing the effectiveness and productivity, and
enabling health, safety performance.
The iterative nature of these activities of this model is illustrated in Figure 1. In this model, once
the need to use a human centered design process has been identified, four activities form the
main cycle of work. The sequence in which these are performed and the level of effort and exact
methods applied will vary according to the designing context and stages of the design process.

Figure 1: The design process from ISO‐13407 [43] – Human‐centered design process

3.3

Prototyping & Usability Testing

Prototyping & usability testing are two important techniques applied in system development life
cycle. They can help designers produce fast and usable design solutions. In this section, these
two processes will be described individually.
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3.3.1 Prototyping
A Prototype is a limited representation of a design solution that users can interact with and
explore its suitability. Prototyping is the process of building a system model which can augment
the process of system requirements specification. It can help designers build a system solution
that is intuitive and easy to manipulate for end users. It is also cost effective that can increase
the development speed. Prototyping is an iterative process that runs through several versions.
the more iterations there are, the better the final product will be.
Because prototypes inherently increase the quality and amount of communication between the
team members and the end user, its benefits have been recognized by designers from many
disciplines and its use has become widespread. In the early 1980's, organizations which adopt
prototyping were approximately thirty percent (30%) of the time in development projects. By
the early 1990's, its use had doubled to sixty percent (60%) [13].
Prototyping comes in many forms ‐ from low‐fidelity sketches or paper‐based mock ups to high‐
fidelity operational systems. A low‐fidelity prototype does not resemble the final product in a
general sense; it uses paper and cardboard to explore ideas. Low‐fidelity prototypes are flexible
and useful because they are simple, cheap and quick to produce and modify. High‐fidelity
prototyping uses tools and materials that expected to be in the final product and produces a
prototype that gives the vision close to the final thing. High‐fidelity prototyping is useful for
testing technical issues and serving ideas to people. Many organizations use multiple
prototyping tools. For initial analysis and early vision construction, paper‐based prototypes are
usually used to facilitate concrete user feedback; for later stage of development, an operation
prototype can be applied to get the vision close to the final product.
3.3.2 Usability testing
Usability testing is a technique used to collect empirical data while observing representative end
users using the product to perform realistic tasks [14]. It is often used to evaluate a product or
system by measuring the usability1, or ease of use, of a specific object or set of objects.
The overall goal of usability testing is to inform design decisions by gathering data from
representative users to expose usability deficiencies existing in products and their
accompanying support materials, in order to be remedied, thus minimizing or eliminating users’
frustration [14].
Usability testing generally involves measuring how well test subjects respond in four areas: time,
accuracy, recall, and emotional response. A representative sample of end users is selected as
test subjects in the representation of the actual work environment. In the test session, the end
users who either use or review the representation of the product will be observed and
controlled by test moderator or screen capture program. Both quantitative and qualitative
1

Usability is defined as “extent to which a product can be used by specified users to achieve specified goals with
effectiveness, efficiency and satisfaction in a specified context of use” (ISO 9241:11, 1998)
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performance and preference measures will be collected. The usability testing results suggest
improvements on product design.

3.4

Gestures design in Penbased user interface

Pen and paper has been an important, widely used technology for a long history as a tool for
recording many kinds of information. It is a versatile, powerful and ubiquitous technology that
can easily express text, numbers, tables, diagrams and equations [15]. Pen‐based user
interface(PUI) designed on the pen‐and‐paper metaphor is a universal and fundamental way of
capturing daily experience, communicating ideas, recording important events, conducting
critical thinking and visual description [16].
The first PUI appeared in the Sketchpad in 1963 [17]. Since the mid 1980s, PUI‐based products
such as PAD (Portable Application Description) developed rapidly [18]. With the grown interests
on PUI, it has become an active research field and attracted much attention. Owing to its
naturalness and convenience, PUI was being employed in more and more applications [19].
Various PUI applications for art work, technical drawing, office documentation and handhelds
have been developed to do tasks such as note taking and editing, 2D and 3D sketching, form
filling and web‐browsing. The motivation behind developing these applications is to provide an
intuitive and ergonomic way for interaction
The usability of a PUI can be influenced by many factors, for instance, the design and
recognition of gestures, and the handwriting recognition mechanisms. As an essential element
of PUI, pen gesture plays a very importance role in the realization of paper‐like user interfaces.
Unfortunately, there is no standard way for UI designers to develop a gesture that is easy for
people to learn and remember. The section below explore current problems in implementing
pen gestures in PUI, and possible solutions were also discussed.
Pen gesture is a hand‐make mark used to give a command to a computer (see Figure 2). It is a
single stroke that is not just taken to be an element of the drawing, but indicates the operation,
the operand, and additional parameters [20], [21]. Many famous pen‐based systems have built
in pen gestures for different purposes, such as Xerox PARC’s LiveBoard [22], CMU’s SILK [23],
Flatland [24] by Georgia Tech, Tivoli [25], Teddy [26]. Some corporations like Microsoft and
Apply, have embedded pen gestures in their operating system, such as Windows XP Tablet PC
Edition [27] and Mac OS X tiger [28]. In these systems, users can use pen gesture to perform
various tasks, such as text editing, sketch modeling, UI design, 3D manipulation and navigation,
etc [29]. Long has performed a survey of gesture usage from PDA users. It showed that user
think gestures are powerful, efficient, and convenient. And users want more gestures in
application [30].

Delete Me
Figure 2: Example of a delete gesture
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Unfortunately, there are little pen gesture design guidelines or theories currently available for UI
designers. It is hard for them to design pen gestures in systems. Consequently, gestures used in
the system are found to be hard to learn and remember. Long’s survey also revealed that users
often find gestures difficult to remember, and they become frustrated when the computer
misrecognizes gestures [30]. And from Tivoli, the potential problem with gestures is that novice
users may not remember them [25].
3.4.1 Gesture design and classification
A couple of articles’ research objectives and their results are described here. These articles were
considered relevant since their work was mainly focus on pen gesture design and how to create
pen gestures that are easy to learn and remember. So far, not too much work has done yet in
pen gesture design, and two of the typical work was represented by Allan Chris Long and Dai
Guozhong.
Allan Chris Long’s work
Allan Chris Long has done a lot of work on learnability and memorability of pen gestures. He has
suggested that: in developing a gesture‐based interface, two factors must be considered: 1)
gesture should be reliably recognized by the computer, 2) gesture should be easy for people to
learn and remember [31].
At first, he proposed that users find pen gestures difficult to learn and remember because of
their perceptual similarity or dissimilarity to one another. Therefore, he performed a pair of
experiments to determine why users find gestures similar [32].
By analyzing the experiments’ results, he has derived a computational, quantitative model for
predicting perceived gesture similarity that correlates 0.56 with report similarity. Then, he has
incorporated the results of experiments into Quill [32]. Quill is a gesture design tool that
continuously analyzes gestures entered by designer. It can help designers create and improve
gestures. When two gestures are considered might be confused by people or by computer, the
system will give the warning message to designer and provide advice about the possible way to
fix the problem. It is designed to help designers with no expertise knowledge on gesture
recognition or psychology to create gestures that are easy for the computer to recognize and
will not be hard for people to remember.
Allan Chris Long also performed an experiment to determine what factors affect the
memorability of pen gestures [33]. The experiments showed iconicness to be the key factor for
gesture memorability, which is consistent with memorability of other objects.
Dai Guozhong’s Work
Dai Guozhong has done a wide range of researches on pen‐base interfaces and pen gestures.
Unlike Allan Chris Long’s suggestions on learnability and memorability of pen gestures, he
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believed that the matching degree between gestures and commands is the most important
factor affecting the learnability and memorability of gestures.
He performed a survey of 100 pen gestures in twelve famous pen‐bases systems and analyzed
the matching degree between gestures and commands [34]. The results have divided pen
gestures into three categories: pen gestures are dependent in part on the meaning of the
command which the gestures represent; pen gestures represented by the first character of
command name; pen gestures with no obvious relation with command it represented. 64% of
pen gestures fell into the first category. Lately, a questionnaire is conducted to evaluate the
matching degree between commands and different categories of gesture and discover the
characteristics that “good” gestures should have.
Based on the survey and questionnaire, Dai has proposed the basic principles for gesture design:
1) a good gesture should be meaningful to the command it represents; 2) pen gesture should be
easy to manipulate; 3) gestures in one group should not be too similar to one another. He also
classified the meaningful gestures into three categories:


Deictic gesture with direction property.



Metaphoric gesture derived and simplified from real physical object



Culture‐conventional gesture correlates to gestures established by usage in specific culture

Dai also performed an experiment to evaluate proposed meaningful gestures, and determine if
they are easier to learn and remember compare to meaningless gestures. The results supported
and validated his proposition. Meaningful gestures are more learnable by participants. Dai also
used Paivio’s Dual Coding Theory [35] to explain his results.
3.4.2 Analysis of gesture design and classification work
Allan Chris Long’s research on learnability and memorability of pen gestures has been focused
on the visual similarity between pen gestures and the geometry of pen gestures. In his
experiments, he tried to avoid the impacts caused by matching of pen gestures and commands.
The experiment results can help the designers to create pen gestures that can be well
recognized and distinguished by both computer and people. However, these will only partially
improve the learnability and memorability of pen gestures, if users found there is no matching
of pen gestures and command, it would take more time for them to learn and remember.
Based on Allan Chris Long’s results, Dai has adapted his work and focused on the matching
between commands and different categories of gesture. In his experiments, the meaningful
gestures and meaningless gestures have been compared, and finally, he concluded that
meaningful gestures are easier to learn and remember. The use of meaningful gestures can
facilitate the process of learning; however, there would be more than one meaningful gesture
for each command or a single gesture can be associated with more than one command, and
people with different culture/education background would interpret the gesture differently. It is
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a challenge for researchers and UI designers to create pen gestures that will not confuse their
meanings with each other and can be easily remembered by most of people.
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4. Methods
The main methods used in the present series of studies are literature study, user‐centered
design and usability testing; both quantitative and qualitative data are collected and analyzed.
By literature study, a comprehensive overview about pen‐based technology and pen gestures
can be obtained, and also other authors’ general ideas and opinions regarding the future
development capabilities of such technology have been discussed.
While conceptualizing and designing the new possibilities for the system, a phase based user‐
centered design and development approach similar to the ISO standard human‐centred design
processes for interactive systems [43] was conducted. However, the process applied in this
thesis work has been tailored to be fit for the specific project purpose. The whole development
process has been divided into four phases: the first phase where context of use has to be
understood and specified (Section 4.1); the second phase where user needs and requirements
are defined (Section 4.2); the third phase where design solutions are produced was divided into
three phases: one phase where technological means for development were analyzed and
selected(section 4.3), one phase where low‐fidelity prototypes were created (section 4.4) and
one phase where high‐fidelity prototypes were created (section 4.5); and finally the fourth
phase where the design solutions should be evaluated against requirements was implemented
in design meetings with the project group (section 4.6) and usability testing session(section 4.7).
Feedbacks were gathered from both sessions for the next iteration. As an important concept of
user‐centered design, the design and evaluation phase are iterated a number of times (normally
2‐5 times) to ensure the bad design solutions are identified and filtered out. The skeleton for the
design process is described in Figure 3.

13

Interaction design and evaluation of digital pen‐based note taking system

Analyzing user
context of use
(4.1)

Usability testing
(4.7)

Define user
requirements
(4.2)

Technological
means (4.3)

Final
deployment

Implementation
phase (4.5)

Design phase
(4.4)

Evaluation with
project group
(4.6)

Figure 3: User‐centered design process in iterative version

4.1

Analyzing user context of use

The phase where context of use has to be understood and specified was done by studying how
operators normally work in their natural work environment ‐ in this case, control room
environment, performing the kinds of tasks the new functionality is meant to mitigate.
Resources regarding operator’s context of use in control room were gained from interviews and
observations which were conducted by people in the Cosyviz group at ABB Corporate Research.
By studying and exploring those results, the intended users and their tasks were defined, and
general technical and environmental constraints were stated.

4.2

Defining user requirements

The phase where user needs and requirements are defined was introduced as a result of user
studies and user context analysis. The understanding of what attributes a user would expect to
have in a digital note system was gained. The user requirements were prioritized from 1‐5 (high
to low) based on operator’s tasks analysis and were used as the guidance throughout the
design, prototyping and evaluation phase to ensure all necessary features are considered. The
final requirements were refined and defined by consulting the member of Cosyviz group who
has conducted the field studies mentioned in Section 2.2.
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4.3

Technological means

Before start brainstorming on design ideas, the technological means and their limitations should
be analyzed and determined, which can give an early vision on the technology possibilities for
implementation. In general, seven pen‐based commercial products have been studied and
compared based on their: 1) suitable for user requirements, 2) flexible and customizable
controls, 3) prices and budgets, 4) possibility to be integrated into Cosyviz prototype system.
The final selection was chosen as the main technological means to implement.

4.4

Design phase

The design phase contains the process of brainstorming and low‐fidelity prototyping. By
brainstorming, some initial ideas regarding digital notes taking by operators were generated and
visualized on low‐fidelity prototypes which contained all the tasks related to notes taking,
sharing, retrieving and free‐form annotation. The low‐fidelity prototypes were constructed in
the form of paper sketches and post‐it notes. Prototypes are useful when communicating and
discussing ideas with/between project group members. They are an effective way of testing new
ideas; they are also an aid to clarify vague requirements when choosing between different
designs alternatives.
After presenting the first pictures to the project group and having got feedback from them,
concrete ideas on features or functions that should be continued working with in the
implementation phase have been decided.

4.5

Implementation phase

After careful consideration and discussion based on user requirement priority with project
group members and data collected from survey, high‐fidelity prototypes were created with
focus on the operators’ tasks of form filling and free‐form discussion. These features were to be
added to a high‐fidelity prototype created by the Cosyviz project group. The high‐fidelity
prototypes were created in C# and WPF2, the same software that was used for implementing
the full system.
This phase was iterated twice: in the first iteration, the high‐fidelity prototypes were
demonstrated to the project group and feedbacks about the improvements were gathered. At
that time, the pen gestures used for command processing were loosely defined. Then the
prototypes were modified based on the new requirements and presented to the project group
at a new meeting. After the new implementation has been approved, pen gestures were
specified with the data collected from the survey and implemented into the prototypes. Finally,
the prototypes were evaluated by usability testing.
As an essential element of pen‐based user interface, pen gestures are useful and effective in
command processing. In order to apply the gestures that are natural and intuitive, a survey has

2

Windows Presentation Foundation, http://www.microsoft.com/net/WindowsPresentationFoundation.aspx
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been conducted and quantitative data has been collected. The survey was done using tasks and
observation on 45 people from 17 countries, who either are ABB AB employees or university
students. Conventional pen and paper were used as means of input in the survey.
There are four types of gestures required in the prototypes involved in the observations: delete,
insert, clear, confirm & save. Participants were asked to use their natural handwriting gestures
to accomplish the tasks. However, gesture ‐ “confirm & save” did not actually existed or
commonly used in normal paper work, so options were given if participants have not
experienced with this kind of gesture before. These options were collected from literature
studies and commercial pen computing products.
This phase was an ongoing process throughout the rest of the project, mainly due to the
incremental knowledge on similar applications and valuable feedbacks from group meeting.

4.6

Evaluation with project group

Design meetings with the project group were held once during the design phase and twice
during the implementation phase. The meetings started off with the author presenting her work
(during the design phase the ideas were presented by paper sketching and during the
implementation phase the prototypes were being run on computer), then the project group
members contributed with their thoughts and ideas regarding the usability of work. The project
members were considered as usability experts to evaluate the suggestions presented to them.
Evaluating design suggestions with the help from usability experts is a common way of doing
usability evaluations, especially when the time and costs are limited.

4.7

Usability testing

The last phase, where the design solutions are evaluated in the context of use and feedbacks are
gathered was implemented in usability testing session. A qualitative usability testing was chosen
to evaluate how the prototype of digital form‐filling works with comparison to normal pen and
paper approach. The usability testing was scenario based, in which test participants got
scenarios and a set of tasks to accomplish. Test participants were observed while they are
performed the tasks, the time it has taken to achieve the tasks has been recorded, with follow‐
up questions on how they experienced the digital form‐filling and gestures. Feedbacks are
collected as an input to future development. The process and results of the usability testing are
presented in Chapter 6, usability testing.
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5. Results
5.1

User’s context of use

The main purpose of this thesis work is to serve solutions for operators in control room. Control
Room applications’ main purpose is to present all the important variables directly and keep the
user informed about the system’s state. Additionally, the control room systems provide the
operators the possibility to control certain parts of the system.

Figure 4: Control Room of Independent Electricity Supply Operator (Ontario, Canada) [41]
In the context of power transmission, there are a large number of variables that need to be
monitored. Data about the states of breakers, isolators, transformers and other equipment
come in every few seconds and it needs to be observed and acted upon to ensure smooth
operation of the system. Figure 4 shows a control room of a power supply operator.
The observations and interviews with operators in control room reveal the fact that operators
do not have the computer mentality; they are not computer experts with high basic technical
skills. It is easy to confuse operators with color‐coded information presented on the computer
screen; the diagrams written on paper are preferred.
As a large part of the daily work of the operators, they go to switch and regulate components
that had triggered alarms and also to prevent alarms from triggering. Other important tasks are
to plan maintenance and see to that components are sealed off from the grid during repair and
maintenance work. In operators’ daily work, they need to handle a lot of phone calls and put
down plenty of notes on paper. These notes contain lots of communication and activity
information. Notes on paper are being used all the times; they served as memory aids on phone
call contents, some to‐do tasks and so on. Operators always have to check the notes before they
close or open a breaker to make sure it is the right one.
During the shift change, the operators hand over the information verbally. They also need to
hand over the logbook in which much of the activities are recorded by pen. First, the
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information is roughly recorded on the logbook which called “Rough log” and it is simply time
stamped data and information on e.g. phone conversations with crew. When the operator has
time, he will transform it into digital form at the PC and then it is called “Smooth log” that is
passed over.
Operators need to communicate with other operators both at daily work and during the shift
change regarding events handling and daily activities.
The structured task analysis related to note taking is illustrated in Figure 5.
Operator

Communication

Events
handling

Between
control
rooms

Shift change

Work

To‐do list
memory
aids

Log on the
book

Handle
events

Look at
SLDs

Hand over
logbook

Verbally

Paper‐based
"Rough log"

Who, when
and what

Persistent
alarms

Digital
"Smooth log"

Switching of
devices

Actions in
the system

Abnormal
summery
report

"Untagged
events"

Figure 5: Tasks analysis of operators related to note taking in control room

5.2

Define User requirements

As a result of user studies and task analysis, the user needs and requirements have been defined.
An understanding of what attributes an operator would expect to have in a digital note system is
gained. The user requirements were divided into four parts, each part concerned one
perspective of operators’ work. All the requirements were prioritized from 1‐5 (high to low).
According to the time availability, the requirements with highest priority were implemented first.
The rest which have not developed in this work would be useful for ABB in the future.
Part 1: Logging


(Priority 1) User can freely mark the breaker/switch/station/any area with annotations


The annotation can contain anything concerning the area being marked
18
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User can mark any area by natural gestures



User should be able to write free‐form notes by direct handwriting on the paper and
the data will be automatically transferred into system



User is able to edit/delete the notes

(Priority 1) User can log all the events that handled over phone into the system by filling the
forms


User is able to log events on: who, when and what, and information regarding
switching of devices

Part 2: Collaborative discussion


(Priority 2) User can write the notes directly on the screen without association with any
specific area to communicate and discuss with other operators

Part 3: To‐do list


(Priority 3) User needs a To‐do list or list of tasks as memory aids


User can set alarms for tasks as a reminder



User can add notes/alarms from log to To‐do list by natural gestures



User can leave messages by direct handwriting on the paper and the data will be
automatically transferred into system

Part 4: Searching and being notified




(Priority 4) User can search for notes


The notes can be filter by name, time, type or other preferences



User can set the visualization of notes according to different needs and number of
notes available

(Priority 5) User can be notified if there are any messages left by other operators in real
time


The messages can be presented directly on the screen or under specific nodes or
sections which should not obstruct user’s current work



The messages should be distinguished with other notes in the system



The messages will also contain images sending from field engineering where the
interaction marking activities are enabled
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5.3

Technological means – “Digiscribble”

As soon as the user needs and requirements have been defined, the current commercial pen
technologies are studied. In general, seven pen‐based commercial products (Digiscribble [36],
PCscribble[37], Anoto, Livescrible[38], “DUO”digital pen and mouse [39], Logitech io2, G‐
note[40]) were compared. The table for comparison can be found in Appendix A. Finally, the
digital pen called Digiscribble (in Figure 6) introduced by Pegasus technologies have been
selected as the means for implementation.

Figure 6: Digital pen device – Digiscribble [36]
Digiscribble uses a digiscribble PC pen and a memory receiver unit that is attached on the top of
any handwriting surfaces. The unit, which also serves as a pen cover, using infrared light and
triangulation techniques, calculates the pen position in real time.
The digiscribble works in two different modes: Mobile and connected mode. In Mobile mode,
users can capture over 50 standard‐size pages of handwritten notes and drawings and save
them into the unit’s Flash memory. The unit is equipped with a USB cable, enabling files to be
easily uploaded to a PC or Notebook. In connected mode, users can easily write and edits notes
in real time. Moreover, users can switch between pen modes, using the product as a standard
ink‐ball pen, and the mouse mode, which turns the digiscribble into a mouse with hovering and
two‐button functionality. There are two different kinds of pen refill available, one ink refill and
one stylus; users can easily change the refill according to different mode of use.
Pegasus technology also provides the .net SDK for developers to customize the pen into their
own system which enables the digital pen interface integrates with the full system prototype.
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5.4

Design phase

Creating a low‐fidelity prototype was done with the results from user studies, the context
analysis, and the user requirements in mind. The introducing of new technologies suggests
possible new ways for user interaction. During the design phase, new features were explored
from brainstorming and visualized on the paper‐sketching prototypes. The features that had
shown to be necessary and important during the evaluation phase were kept for the
implementation phase.
5.4.1 Brainstorming & Lowfidelity prototyping
During the brainstorming process, some initial ideas regarding digital notes taking by operators
were generated containing all the tasks related to notes taking, sharing, retrieving and free‐form
annotation. Low‐fidelity prototypes were created with paper sketching and post‐it notes to
visualize these new features. The design ideas regard the digiscribble pen as the technological
means of input which gives user a natural feeling of writing on paper. It provides operators the
opportunity to use pen gestures for command processing, which enables a large degree of
freedom in generating concepts.
Notes recording

Figure 7: Low‐fidelity prototype of notes recording on SLD (Single Line Diagram)
The low‐fidelity prototypes for note creation were illustrated in Figure 7; the functional
processes of prototypes were described as follows:
Select: The system enables the operator to freely mark any areas with pen gestures, this area
will be highlighted as select.
Record and Edit: As soon as the area is being marked, a window will pop‐up to enable notes
recording. Since digital pen will be used for transferring the handwriting notes to the computer,
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pen gestures will be applied for command processing, enabling a button‐free interface. There
are different types of pen gestures proposed. For instance, “delete” gesture can be used to
erase a word; “clear” gesture is useful to clear the whole content; “highlight” gesture can
encircle the time information, and automatically add this note into the to‐do list as a reminder,
“check” gesture will save the note into the system and so on. This note can also be marked as
local personal message or public message to be shared with others.
Save: If the note has been saved, a number of information will be saved automatically, such as
the time for recording, name of recorder, content, types of note (public or not) and name of
station where the note was anchored.
Free‐form notes discussion
There can be a separate layer for free‐board discussion where handwritings and drawings can be
collaboratively made with digital pen. To edit the handwritings or drawings, pen gestures can be
useful to substitute the button‐clicking and mouse‐dragging events such as erase, clear, undo
and save.
Notes retrieval and management
Retrieve: While a square box is being drawn on the screen, the notes have been taken within
that area will be retrieved. There are two layers showing different types of messages. Layer one
may contains operator’s own messages and layer two contains messages coming from other
operators or control rooms.
Management: When notes have been retrieved, it will be shown as a dialogue box next to the
selected area, or as a table in a new window. There is also a search bar included to search within
notes. The notes retrieved can be added to the to‐do list menu by using pen gestures.
To‐do list
To‐do list can be a tagged window that is hidden under the window, as soon as being demanded
by users, the window will then pop up and show all the to‐do tasks.
Another alternative to visualize the to‐do list can be a scrolling ticker/marquee added to the
menu bar, the to‐do task message will be constantly displayed if operator did not finish his tasks.
The sketches and concepts of note management and to‐do list are shown in Figure 8.
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Figure 8: Low‐fidelity prototypes for notes management and to‐do list
5.4.2 Evaluation with project group
The design suggestions were discussed with the project group members in a design meeting.
Most of ideas were approved by the project group, however, because of time shortage, it is not
possible to visualize and implement all the functions in the final prototypes. It is suggested to
first implement the notes recording and free‐from discussion part with a focus on the operators’
tasks of logging and collaborative discussion which occupy a higher priority on user
requirements list.
The interactive mode of digital pen has also been discussed. The digital pen enable the real time
processing of pen and paper, it can capture the pen coordinates on paper and visualize them
directly on computer screen via USB cable. However, it is questionable when pen gestures are
involved for command processing. It is not possible for user to write on paper and observe the
operations performed on screen simultaneously. One group member suggested the use of a
pico‐projector which can be connected to the PC and projects the real‐time screen image on
paper. User can keep focus on their tasks without losing any information. In this case, the ink‐
refill may not be suitable. The stylus was used for pen refill which also reduces paper
consumption.

23

Interaction design and evaluation of digital pen‐based note taking system

5.5

Implementation phase

The high‐fidelity prototypes are created in C# and WPF (Windows Presentation Foundation), the
same software that was used for implementing the full system. The gesture recognition tool is
used by Windows TabletPC SDK (Software Development Kit) which provided a set of pre‐defined
application gestures.
5.5.1 Hardware implementation
The pico‐projector manufactured by Optoma [42] was planned to use which is small and
portable. However, by applying the projector in real context, it revealed that the resolution of
the image being projected is quite low and it is quite hard to see the details. Also the system
designed in this case was for office use, not for mobile work. After discussing with the project
group, a projector‐table (shown in Figure 9) was reused from another project which supported a
better resolution.

Projector

Figure 9: Projector table
The projector‐table uses paper as its surface which gives a natural feeling of handwriting. It
mounts with a normal projector showing the image from the computer onto the down‐side of
the paper. It acts as an extra screen in the prototype. Similar solution could be embedded with
the operator’s desk.
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5.5.2 Implementation of freeform discussion board
The high‐fidelity prototype of free‐form discussion board was implemented and integrated into
the Cosyviz prototype (shown in Figure 10). A separate layer has been added to the prototype
that enables free‐form writings and drawings. It also enables several digital pens write
collaboratively. Three types of pen gestures were applied in the prototype. The user can use the
gestures to: 1) “delete” the content in certain area; 2) “clear” the whole canvas, start with a new
sketch; 3) “save” the sketching.

Figure 10: High‐fidelity prototype of free‐form discussion board.

25

Interaction design and evaluation of digital pen‐based note taking system
5.5.3 Implementation of formfilling
High‐fidelity prototype of form‐filling is developed as a separate window in Cosyviz prototype
(shown in Figure 11 and Figure 12). It can be trigged by using special gestures. A sample form
resembling a page in the logbook has been used as the user interface. The operator can write
problem descriptions and other information as if writing on a normal piece of paper. The field
was zoomed in so as to make write easier.
The information can even be edited with pen gestures. Similar as free‐form discussion board,
the user can use pen gestures to 1) “delete” a chosen part of the word/sentence; 2)”insert”
something between words; 3) “clear” the whole form, and start with a new one; 4) “save/back
up” the form. To get reliable and accurate results, the “clear” and “save” gestures are supposed
to apply in the gesture command area at the bottom of the form.

Figure 11: High‐fidelity prototype of form‐filling (on project table)
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Figure 12: High‐fidelity prototype of form‐filling (on screen)
5.5.4 Evaluation with project group
The high‐fidelity prototypes were discussed and evaluated with project group members at a
group meeting. Positive feedbacks were gained and pen gestures applied in prototypes were
discussed. The pen gestures used for command processing were arbitrarily selected from
application gestures provided by Windows TabletPC SDK; some of them are not natural and
intuitive which need to be improved.
5.5.5 Pen gestures
To apply pen gestures that are felt natural and intuitive by user, a user survey was conducted
with four gestures proposed in the prototype. 45 people from 17 countries have participated
(see Figure 13), and their cultural differences have been taken into account.
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Participants' country of origin
Number of participants

16
14
12
10
8
6
4
2
0

Figure 13: Number of participants and their country of origin
5.5.5.1
Survey results
As a result, a total number of 16 pen gestures were collected and are listed in Table 1, and their
corresponding number of selections is illustrated in Figure 14. The black dot in the table states
the start point of that gesture.
Option No.1

Option No.2

Option No.3

Delete

Insert

Clear

Confirm & save

Table 1: Pen gestures collected from survey
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Pen gestures collected from survey
Number of participants

40
35
30
25
Option No.1

20
15

Option No.2

10

Option No.3

5

Option No.4

0
Delete

Insert

Clear

Confirm & Save

Type of gestures

Figure 14: Gestures and their number of preferences collected from user survey
The gestures collected reveal that people have similar gesture patterns in their handwritings.
Most of participants prefer simple and easier gestures with one or two strokes. As assumed, the
cultural difference would influence the survey results, for instance, people in China were
educated using “

” to erase words or paragraph.

Gestures have high frequency of use are being selected for prototyping which are shown in
Table 2, as well as being further evaluated in Chapter 6, usability testing. While erasing the
whole page, the participants usually used a large “X” mark that covers the whole text area; to
“delete” a word, a simple “－” over‐stroke was applied; to “insert” a word, participant used a “V”
shape mark; a “√” mark was preferred to confirm/back up the writings.
Delete

Insert

Clear

Gesture

Table 2: Gestures applied in the prototype
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5.5.5.2
Pen gestures implementation
The gestures collected from the user survey were developed in the high‐fidelity prototype for
both free‐form discussion board and form‐filling. The interaction models for each gesture
operation are described as follows, and examples of use context are demonstrated in Figure 15
and Figure 16 The gesture is automatically erased as soon as it is successfully recognized.
Delete: Write the information – Erase the word with “delete” gesture – Write the new
information.
Insert: Write the information – Write a word above where to insert – Insert that word with
“insert” gesture
Clear: Write the information – Draw the “clear” gesture – Erase all the information written on
the page
Save: Write the information – Draw the “save” gesture – Save and back up the page

Figure 15: Edit the information using “delete” gesture in form‐filling prototype
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Figure 16: Edit the information using “insert” gesture in form‐filling prototype
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6. Usability testing
A qualitative and quantitative usability testing was chosen to evaluate how the prototype of
digital form‐filling works with comparison to normal pen and paper approach. The main purpose
of this usability test is to see if people can use the prototypes to handle the digital form filling as
easy as the normal paper work as well as to get an experience on how people can understand
the gesture‐commands designed in the system.

6.1

Participants

Initially, the prototypes were designed for operators working at the control room. However,
writing is a common activity in everyone’s life and does not require any expertise or professional
experience. In this test, people with normal handwriting skills were inducted. Besides that,
other relevant characteristics were age, sex and country of origin.
The usability test was conducted with 10 participants. The recruitment of the participants took
place at ABB AB Corporate Research, Västerås, Sweden. People from the different departments
were asked to voluntarily engage with the tests. No money/ price were paid. If they asked what
exactly is going to be tested, no details about the test were told. Instead, a general description
was given, like “This test is going to see how people use the digital pen product to fill in a digital
form”.

6.2

Test place and equipment

The test was conducted in front of the author’s working desk in the thesis worker’s room. The
room is located at ABB AB Corporate Research, Västerås. The hardware installations needed for
the test were one laptop computer, one projector and one Pegasus digital pen device. The
computer CPU is Intel(R) Pentium(R) M 1.86Hz, the RAM is 1.00 GB. The software needed for the
test was Microsoft Visual Studio 2008 and the screen capture and analysis program Morae
version 3. These two programs were already installed on the computer.

6.3

Pilot tests

To find out about possible problems prior to the test sessions, the test plan went through two
pilot tests. The first test was conducted with a project group colleague who has conducted the
field observations and interviews with real control room operators. When the test plan was
accepted, one more pilot test was also carried out. The participant of this test was a thesis
worker in the same project group.

6.4

Test plan

6.4.1 Pretest Questionnaire
The aim of the background questions is to get a broader knowledge about user’s experience.
Special interests are focused on participant’s previous experience of pen‐based interfaces
because it could affect the learnability of gestures applied in the prototypes. The sample of
pretest questionnaire can be found in Appendix B.
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6.4.2 Introduction of prototypes
After the participant filled in the questionnaire, general information about the prototypes and
the operator’s work has been given. This would give participant a basic understanding of the
prototypes and their context of use. In this session, participants have about 5 minutes to get
familiar with the prototypes and the gestures proposed.
6.4.3 Scenarios and tasks
The usability testing was scenario based, in which test participants received scenarios and a set
of tasks to accomplish. The test consisted of three scenarios and in total ten tasks (details about
the tasks can be found in Appendix C). In order to see if people can use the prototypes to handle
the digital form filling as easy as the normal paper work, each scenario was tried out twice,
either with prototypes or conventional pen and paper. The time to achieve each task has been
recorded and analyzed. If the gesture is failed to be recognized, the participant was required to
do it once again till it is successfully recognized. The number of reattempts has been calculated.
One problem with having two means of inputs for performing the same scenario might be that
user can get familiar with the scenarios and tasks during the second performance, therefore
producing invalid data. To counter this sequence effect, the order of having different means was
randomized.
The paper form used for conventional pen input is similar to the digital form; it uses the same
gesture as in digital form. The only difference is that there is no gesture area to perform the
“clear” and “save” operation. Instead, the participant had to use a large “X” mark to cross the
whole paper in order to “clear” the page. Also, there is no gesture existed to “save” the form, so
a folder was prepared for back up.
Two more tasks were added to the scenarios with prototypes which set the digital form back to
the initial status –“blank form”, but the time to complete these two tasks was not counted when
comparing the results with conventional paper form. Overall, the test shall last no more than 30
minutes. For each scenario, the participant read the task descriptions printed on the paper. The
participant was then asked to inform the test leader when he felt he had solved the respective
tasks.
6.4.4 Posttest Questionnaire
Questions about how participants experienced the digital form‐filling and gestures were asked.
Feedbacks are collected as an input to the future work. The sample of posttest questionnaire
can be found in Appendix D.

6.5

Usability testing Results

In general, ten participants from seven countries were invited to the tests, eight males and two
females. Their ages ranged from 24 to 31. Half of participants have previous experience on
PDAs; others have not experienced with any pen‐based digital devices/interfaces before. Only
two participants have used the gestures proposed in the products for command processing. All
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the participants have experienced with paper‐based form filling before, one of them had to fill
the forms around 2‐4 times a week.
The observations and data collected from tests provided many valuable findings. The execution
time for each task and number of reattempts per gesture operation were calculated and shown
in Figure 17 and Figure 18. Following is a summary of results for digital form‐filling and
conventional form‐filling.
Digital form‐filling: Out of 100 tasks performed by 10 participants, only one participant failed on
achieving one tasks (1% percent of times). The remaining 99 times, participants managed to
complete the tasks (99%). The average execution time for all the tasks was 404.95 seconds (6.8
minutes). In total, the number of reattempts in gesture operation was 90.
Conventional form‐filling: In this case, all the participants managed to complete the tasks (100%).
The average execution time for all the tasks was 242.1 seconds (4 minutes). No reattempts were
involved.

Number of reattempts per gesture operation task

Number of reattempts
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Figure 17 – Number of reattempts per gesture operation task in digital form‐filling
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Time execution per task
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Figure 18: Time execution for each task
The overall task execution time was illustrated in Figure 17. There were two types of tasks:
Information fill‐in and gesture operation. The tasks of information fill‐in involve filling task
description into each form field, no gesture operation was conducted. Task 1, 4 and 7 belong to
information fill‐in and the rest belong to gesture operation. It only contains tasks about
conducting commands and operations by pen gestures, such as text editing and management.
The time for information fill‐in was generally longer than gesture operation, due to the needs
for more writings. The participants performed better in conventional form‐filling in most of the
cases. Figure 19 and 20 show box plots of task execution time by all the participants in
information fili‐in and gesture operation respectively.
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Time execution for information fill‐in tasks
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Figure 19: Time execution for information fill‐in tasks
Figure 19 shows the variation in task execution time for each of the information fill‐in tasks.
There are large variations for digital form‐filling tasks while smaller variations for conventional
form‐filling tasks, there is a considerably small difference between the participants’
performance and interpretations for each task. For digital form‐filling, the large variations may
be attributed to unfamiliarity with the interface and system delay while transferring the
handwriting inputs. From the observation, 90% of participants used the gesture proposed in the
system while they made some errors in handwritings as the gestures were failed to be
recognized, which would increase the overall time to complete the tasks.
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Execution time for gesture operation tasks
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Figure 20: Time execution for gesture operation tasks
Figure 20 shows similar patterns but with more variations. The tasks for gesture operation were
further divided into two groups: first tryout and second tryout. The gesture of “clear” was tried
out for three times, however, in order to make the results more comparable to conventional
form‐filling, only the first tryout was counted. Also the time execution for “clear” gesture did not
have large variations and large time consumption. Generally, more variations and time
consumption happened at first tryout. This may contributed to the unfamiliarity with the
gesture recognition system, even when participants practiced the gesture operations before the
formal tests.
Figure 17 shows the line graph of reattempts for each gesture operation task. As the number of
reattempts decreased, the variations became smaller and time to complete the task was closer
to the conventional form‐filling. One participant failed to achieve the tasks of “Insert” in digital
form‐filling at the first time try because of failed gesture recognition, but at the second time, the
gesture was quickly recognized. This task got the most numbers of reattempts which increased
the execution time and variations. But the minimum and median time still shows the possibility
to process this task faster if participants manage to have the gestures successfully recognized
with less reattempts. For the tasks of “Save” gesture, less time and variation were involved in
digital form‐filling; this may be resulted by fast and easier gesture recognition.
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Average Task Execution Time
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Figure 21: Average execution time per task
Figure 21 shows the comparison between digital form‐filling and conventional paper form‐filling
tasks with respect to their mean execution times. In most cases, the performance of paper form‐
filling is still better than that of digital form‐filling. But in some cases, the digital form‐filling
acted close to or even better than the paper form‐filling.
Questionnaires conducted at the end of testing session produced some user statements about
the digital form‐filling interfaces and user ratings on different system aspects. Figure 22 presents
a box plot of user ratings of overall system interface where “1” is the least rating and “5” is the
highest. A similar box plot for user ratings of pen gestures proposed in the system is shown in
Figure 23. The use of digital form‐filling and pen gestures proposed resulted in an overall better
satisfaction. Most people thought the gestures designed were efficient, easy to learn and use.
Only one participant put systematically lower ratings. During the observation, he has a large
number of reattempts on “clear” gesture; even he has a good performance on other tasks, the
failed recognition still confuse him and reduce the satisfaction.
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Figure 22: Box plot based on user rating of digital form‐filling application
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Figure 23: Box plot based on user rating of pen gestures proposed in digital form‐filling
The questionnaire also captured subjective user opinions about the system interfaces and pen
gestures, the key statements that were recorded are presented below.
Strengths and weaknesses of the system
＋ The system is intuitive to use. Editing is fast and less messy, errors made while writing can be
easily corrected, easy test management.
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＋ Less paper use, take advantage of typical strength of IT‐system, such as record keeping
－ The pen and the display need to be more fluid and synchronized for accuracy. It doesn’t
always work fluid. Several times the gestures were not properly drawn on the display. This may
slow down the process
－ Gesture recognition is not very accurate. Practices are needed to be familiar with recognition
system.
Strengths and weaknesses of the pen gestures proposed
＋ Gestures are simple and very common which can be made very fast
＋ Intuitive and easy to learn
＋ Some gestures are not the ones that usually do, have to get used to them, but with no
difficulties.
－ It is easier to use delete and save gesture, but harder to get insert and clear gestures

correctly recognized.
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7. Discussion
Results presented in the usability testing showed the performance of digital form‐filling system
in terms of execution time, number of reattempts on gesture operations and other usability
attributes, such as user satisfaction, ease of use and learn. In general, the use of digital‐pen
based form‐filling system gets high performance and user satisfaction. Although the overall
execution time for digital pen‐based interface is larger than conventional pen and paper, if
count the time to transfer the data from conventional paper to computer system, the benefits
are obvious. However, there are also some limitations which need to be pointed out for future
development.
The performance of “insert” gesture operations was far behind when the results were compared
to conventional handwritings. The digital pen and display performed not as fluid as normal pen
and paper. These exceptions can be attributed to a number of variables. One reason was the
low gesture recognition accuracy when gestures were poorly or failed to be recognized by the
recognition algorithms embedded in the system. This may due to the different writing behavior
between different users and their unfamiliarity with the gesture recognition system. It requires
extra time and practice for them to smoothly use the system. One implementation related
factor affecting the performance was the delay in the reaction time of PC. Also, the pen refill
used in digital form‐filling was not as smooth and steady as normal ink‐refill. Such factors
affected the users’ performance poorly and slowly in the digital form‐filling. Had these factors
been eliminated, the performance of digital pen system and users would have been better.
It is important to point out the gesture operation proposed in the prototype system.
Participants felt the gestures proposed were quite easy to learn and use, even some of gestures
were not the one was usually used. Gesture recognition results were relatively inaccurate and
they confused participants. Figure 19 and Figure 20 show numbers of failed recognized gestures
and their correlated execution time. It clearly stated that gesture recognition correct rate can
largely improve the time in text management and task handling. “Insert” and “clear” gesture
had the most numbers of retry, but “insert” gesture involved more text editing, and it took more
time to redo. Another finding is that during the observations, some participants failed in making
“insert” gesture recognized, because of the mark they made was similar to the “save” gesture.
This finding is in line with the gesture similarity theory proposed by Allan Chris Long [32].
During the evaluation phase, several design enhancements were pointed out by the participants
and from observations, as listed below:






Improvement of gesture recognition accuracy
Improvement of digital pen refill/tip for more smoothly and real handwriting feeling
Improvement of prototype system reaction time
Improvement of gesture design for better recognition results
Other gesture operations that can also be useful in digital form‐filling, such as undo, redo
and copy
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Although the results from the empirical evaluation are positively in favor of digital‐pen based
form‐filling system and the gestures designed for operation, it would be beneficial to validate
this study in real context, to conduct the evaluations in real environment and with a larger
number of participants who are actual operators performing their real work.
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8. Conclusion
In this research work, the challenges of digitizing handwriting notes into the control room
system in a natural way have been addressed. The operators in control room need to put down
a lot of notes on paper, but there has not been an easy way to digitalize all the hand‐written
information. Therefore, a digital pen‐based solution has been implemented that feels like a
normal pen but can produce digital text from handwriting. Task based user evaluations were
conducted to measure the effectiveness and efficiency of the prototype and the pen gestures
proposed. Generally, the use of digital pen‐based system provides a user‐friendly interface for
operators.
Prototypes of pen‐based user interface for easy and natural user interaction with a projection
display are developed. Prototype consists of a digital pen, a receive unit and a projector table.
The digital pen’s coordinates on projector table were captured by the receive unit. A projector‐
table was used in order to show the image from the computer onto the down‐side of the paper.
The prototypes are divided into two parts: a free‐form discussion board where operators can
make sketches and drawings collaboratively to share their ideas and comments, and digital
form‐filling application which simulated one page from operators’ logbook, operators can write
down problem descriptions and other information as onto a normal paper. The data was
transferred into digital strokes automatically. The field zooms in when selected so that writing
becomes easier.
To enable a button‐free interface and make the work easier, the information written by digital
pen can even be edited. Several pen gestures were proposed for command processing based on
quantitative user survey results. It is possible to erase a chosen part of the word or sentence by
an over‐stroke (“－”), insert (“V”) something between words, and clear the whole field with a “X”
liked mark. When the page is completed, a simple check mark (“√”) is used for saving.
To evaluate the usability of the application, a usability testing has been conducted. The
prototype of digital form‐filling was selected. The test results demonstrated the benefits of
digitalizing the handwriting notes over the conventional pen and paper. The quantitative date
collected stated high system performance and user satisfaction. The observations show that
user found the digital form‐filling was complicate as soon as the pen gesture was failed to be
recognized. It became more confusing when the gesture was not recognized by the system for
several times. However, for the gesture design itself, users thought the gestures proposed are
easy to learn and remember.
To conclude, use of digital‐pen based note taking system has the potential to improve the
efficiency and effectiveness of the collaborative communication and user tasks for logging digital
notes.
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9. Future Work
This study could have revealed more accurate results if participants in the usability study had
proper domain knowledge, and the testing session can be conducted in a more real and actual
control room environment. In this case, actual operators would be ideal to evaluate the
prototype. They would provide more valuable feedback as they were working in the actual
environment.
Only part of the prototype was developed and evaluated in this study. More concepts can be
developed to enable the pen as an embedded part of the control system, for instance operators
can draw and add annotations to the system by just using pen and conventional paper, and
textual annotations can be detected automatically, stored in a database and searched later.
Operators can also create their personal To‐do tasks and add information by simply using pen
gestures. The next step could be to evaluate the free‐form discussion board and its effectiveness
in facilitating the collaboratively communication between operators.
Design suggestions were identified during the usability testing session. Implementation of those
suggestions potentially improves the efficiency of digital form‐filling applications and pen
gestures operations. It is then essential to conduct a new evaluation of these approaches be
done when the existing interfaces are improved.
The gesture recognition algorithms were beyond the scope of this thesis work, but stated from
evaluation phase, it largely influenced the results. This should be addressed for the future work.
More gestures can be involved in command processing, such as undo, redo and copy. As soon as
the system functionality grows, the needs to apply more gestures increases; therefore, more
studies shall be applied to produce a user‐friendly interface.
The pen‐based interface provides a natural way for user interaction; it generated a new concept
to facilitate people’s work. By growing technological maturity, in the future, it will widely expand
into various areas and largely enhance the efficiency and effectiveness of people’s work.
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11.

Appendix A – Comparison between different pen technologies
Table 1: User Interaction Capabilities

Products

Free‐
form
Note

PCscribble

X

Digiscribble

X

X

Anoto

X

X

Livescribe

Mobilit
y

Act as
Mouse

Tag
text

X
X
X

X

Logitech io2

X
X

G‐Note

X

Draw Wireless Gesture
in the data
recogni‐
air
transfer tion

X

X

DUO

Voice
record

X

X

X

X

X

Table 2: Development resources
Products

digital
Paper

Customerize
paper

SDK*

Real‐time
Processing

Handwriting‐
recognition

PCscribble

‐

‐

.net

X

X

Digiscribble

‐

‐

.net

X

X

Anoto

X

Yes

?

X

X

Livescribe

X

Yes

java

?

X
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DUO

‐

‐

?

X

X

Logitech io2

X

No

No

?

X

G‐Note

‐

‐

?

‐

X

*SDK – Software Development Kits

Table 3: Price (USD), Space, time for delivery
Products

Spec. Space
Needed

Time for
delivery

Physical
costs

Software
costs

Total
Price

PCscribble

5‐10 Days

75

free

75

Digiscribble

5‐10 Days

78

free

78

Anoto

X

3‐5 days

>500

?

>500

Livescribe

X

2‐4 Weeks

>149/199

free

>149/199

2‐4 Weeks

169

?

169

DUO
Logitech io2

X

5‐10 Days

>200

free

>200

G‐Note

X

2‐4 Weeks

130

free

130
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12.

Appendix B – Pretest questionnaire

1. Are you a Male or Female?
Male

Female

2. How old are you?

__________

3. In which country you are from?

__________

4. Have you experienced with pen‐based digital products before? For instance: PDA, Tablet PC,
digital pen and paper, etc.
If NO, please go to question 7. If YES, please specify which one and continue question 5.
___________________________________
5. How often did you use this product per day?
One hour or fewer 2‐3 hours

4 hours or more

6. Have you used the gestures proposed in the products for command operation?
YES

NO

7. Have you experienced with paper‐based form‐filling before?
YES

NO

8. How often do you fill a paper form per week?
Once in a week
2‐4 times a week
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13.

Appendix C – User tasks

The following scenarios simulate several tasks the operators usually do for note taking in control
room. You are the operator named Jessie.
Scenario: Handling operation requests from field engineer
1. You got a request from field engineer to close the breaker no.176 at Amherst station at
16:30 today. You want to write this information down.
2.

Later, the field engineer has changed the time to “16:50”.

3.

Clear/Erase the whole page, start with a new one.

Scenario: Recording events described by field engineer.
4. You have to record the information about a disaster. The disaster happened at 11:30 today
at Troy station. The reason was No. 12 switch being broken. The details of disaster are that
nobody died or was injured.
5. Later, you were informed that the disaster was not because of No.12 switch but No.12 SE
switch, so you want to add “SE” into the target field.
6.

You save/back up the form when finished.

Extra task for digital form‐filling: Clear the whole page, start with a new one.
Scenario: Leave messages to another operator.
7. You want to assign a form to an operator named John to check the switch no.112 at
Marcella station after maintenance job has been finished at 13:00, tomorrow. The details of this
message are that “the job could not finished on time”.
8. You just realized you missed the word “be” before “finished” in details field and you want
to insert that word into the form field.
9.
10.

Later, you want to assign this task to operator named Susanne instead of John.
You save/back up the form when finished.

Extra task for digital form‐filling: Clear the whole page, start with a new one.
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14.

Appendix D – Posttest questionnaire

Based on your overall experience with all the tasks, please answer the following questions.
1. I thought that the system was easy to use

2. I thought that most people would learn to use this system very quickly

3. I found the system cumbersome to use

4. I felt confident about using the system

5. I needed to learn a lot of things before I could get going with this system

6. Strengths and Weaknesses of the system
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7. I thought that the gestures proposed in this system are easy to learn

8. I thought that the gestures proposed in this system are efficient

9. I thought that the gestures proposed in this system are easy to use

10. What are the strengths and weaknesses of the gestures proposed in the system

11. Suggestions for other gestures(for doing other tasks) that you think can be useful in form
filling

12. Other comments
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