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This thesis addresses the problem of non-intrusive capturing engineer’s notes into an infor
system and structuring them to facilitate subsequent information access.

An Electronic Engineering Notebook was designed and implemented. The EEN support
form interaction, and allows for semantic information structuring using terminology base
engineering ontologies. The EEN employs context sensitive labelling and linking in context

An experiment was conducted in which free-form and form-based note-taking interfaces
compared with respect to capturing and structuring notes from a design meeting. Furthe
suitability of domain-based and user-defined terminologies for semantic structuring was tes

Results from the experiment confirmed that a free-form interface was easier to use for note
than were forms with fixed structure. Furthermore, based on these results, an important dis
needs to be made between structuring mechanism and semantic categorizations required 
turing. While the structuring mechanism is a function of the user interface, the terminology
for categorization is independent of the user interface. Delaying structuring in the free-form
face made that interface easier to use than forms. However, difficulties with applying sem
categorizations were observed in both types of interfaces. Furthermore, the results indica
terminology should be chosen appropriately to a task, and that experienced users have le
lems with applying it. The experiment also demonstrated high diversity in note-taking styles
highlighting the need to accommodate individual preferences in electronic notebooks.
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Streszczenie (Abstract in Polish)
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Chapter 1

Introduction

 “ I keep six honest serving-men 
(They taught me all I knew); 
Their names are What and Why and Whe
And How and Where And Who.”

Rudyard Kipling, "The Elephant Child"
1
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1. Introduction

Engineering information recorded in paper engineering notebooks is difficult to access,

paper notebooks do not facilitate information retrieval. This thesis addresses the problem 

turing engineer’s notes into an information system and structuring them to facilitate inform

access. 

The focus of the thesis is on non-intrusive methods of structuring information. As a solutio

propose a free-form interface with semantic information structuring. Software implementat

our interface is running on a pen-based notebook computer. We call our system Electroni

neering Notebook, or EEN for short. We view EEN as an individual engineer’s tool used to

notes.

The representation used by us for structuring design information corresponds to engineerin

cepts. Our goal was to achieve “naturalness” and non-intrusiveness of the tool, rather than 

siveness of the representation. In our approach, we do not attempt to alter the design proc

provide designers with a computationally enhanced version of a traditional tool - an elec

version of an engineering paper notebook - that they are used to work with. Structuring o

content is then performed incrementally over time.

2. Description of the Problem

Engineering projects produce large amounts of information. This information is gene

throughout all stages of the design process. It comes from different sources and is recorded

ious media. This diversity make it very challenging to handle engineering information. The

culty of the challenge increases in large engineering teams distributed over large geogr

distances. Furthermore, we know that information is important to engineers; it is used w

project’s life-cycle, it is used across different projects and it is re-used from past projects. Pr
Chapter 1: Introduction 2
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Further-
studies in the Enterprise Integration Laboratory [Crabtree et al. 1993] confirm this impor

The results indicate that engineers spend a significant portion of their time (34.5%) on inf

tion related tasks, and that lack, or insufficient information acquisition and access, cause s

tial number of coordination problems (56%) in engineering projects, for example, project de

Computer technology is introduced in a variety of ways to assist in effective capturing and m

ing of engineering information. However, not all the design stages can be computerized 

Therefore, existing computer systems usually capture design only in its final form. Initial d

is one of the design activities that is especially difficult to computerize, yet during this stag

cial decisions for the whole design process are often made and justified. Thus the initial 

stage generates information valuable throughout the whole design process, as well as in th

design projects. In current practice, information created during this stage is, usually, recor

paper engineering notebooks, or on the proverbial back of envelopes only, and, thus, it is d

if at all possible, to access. Engineer’s activities at this design stage are exploratory, not

structured, and are, quite often, characterized by mobility. The nature of these activities 

information capture difficult. In the analysis of potential solutions we need to consider both

nological and human factors. 

We first consider what kind of technology could be used to implement information capture d

initial design. Given their widespread use, and engineers’ familiarity with paper document

nologies, the first possibility is to use an elaborate paper-based system. However, paper-ba

tems, even well organized, are not easily accessible. Their access from remote locations is

not possible without human intervention. The next possibility is to use a hybrid approach,

bining paper and computer technologies; paper to record information, similarly as it is cur

practiced, and computers to manage the recorded information [Wellner 1993]. This type o

tion is not very practical. It is laborious to track information changes; entering new inform

and updating modified documents in the system requires extensive human assistance. 

more, the granularity of access level is very coarse, and system setup is cumbersome. 
Chapter 1: Introduction 3
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In contrast to paper-based and hybrid technologies we will examine how initial design inf

tion capture could be supported by a wholly computer-based system. The primary guidel

introducing computer-based solution is that it integrates well with the current practices and

is non-intrusive. Satisfying it requires understanding how information is created during the 

stages of design. 

An engineer’s interaction with paper notebooks is free-form, that is, no constraints are impo

the media on the created elements, for example, on handwritten scribbles or drawings; th

ments can be written anywhere on a page. Structure of the free-form content is defined by

relations among the elements on a page and by marks, which quite often are adopted by ea

vidual separately. Hence the structure is, for the most part, implicit, and, together with sem

it is created, by the human interpretation of the recorded content. Providing computer supp

accessing the captured design information requires the system to “understand” the record

tent, for example, to understand specifications of requirements, parts, parameter values,

and the like. Making the system “understand” these specifications should be a key step in s

ing human information processing and interaction with the system. Thus the structure and 

tics of the recorded notes need to be made explicit. 

At the same time, when obtaining structured content, we would like to preserve the free

interaction style. The conflict between free-form interaction and structured content with se

tics is paralleled by the conflict between implicit and explicit knowledge. This conflict ca

resolved by delaying structuring of free-form content. Hereby allowing the possibility for coe

ence of both free-form, and structured information in one medium. Implicit structure and s

tics cannot be made fully explicit during the information creation, since structuring would di

the flow of the creative processes and since structuring would simply take too much tim

delaying structuring we avoid this problem. Structuring can be performed after note-taking 

ties and when designers become conscious of their thinking as it occurs during breakdown

unself-conscious process of design. More structure and modifications to existing structu

then be added later. The choice of representation elements used to structure the initial
Chapter 1: Introduction 4
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information should correspond to concepts used by engineers and their natural modes of 

sion. 

Striving to achieve non-intrusiveness of a system capturing initial design information is n

only possibility. Many systems that capture design information, and especially design rati

require designers to follow specific procedures. These procedures are devised to influence

practice in such a way that designer thinking, at least to some degree, becomes explicit a

possible to capture. Some authors (for example, [MacLean et al. 1993], [Buckingham et al. 

claim that by imposing these special procedures on designers’ processes their work becom

ter structured and designers are able to examine the design space more systematically

approach, however, we do not attempt to alter the design process itself. 

3. Thesis Objectives

Our high-level goal is to improve access to design information by engineers. Within this go

set out the objectives of this thesis as:

1. to design and develop an electronic notebook system for non-intrusive acquisition of des

information that provides capability to semantically structure information using engineeri

concepts,

2. to examine usability of the suggested free-form interface and compare it with a fixed-form

interface from the point of view of capturing and structuring recorded information,

3. to ascertain suitability of terminology based on engineering ontologies to semantic struc

of engineering notes.
Chapter 1: Introduction 5
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4. Research Expectations

We formulated research expectations in the area of note-taking, structuring notes, and infor

retrieval from notes.

Our first expectation is that note-taking style afforded by a free-form interface is closer to

taking on paper, and thus, that a free-form style interface is more natural, and therefore e

use than a fixed-form interface. We expect that a more natural free-form interface allow

quicker note-taking and that resulting notes are “better”, that is more complete.

Semantic structuring involves two steps: applying the structuring mechanism and decid

which semantic category information belongs to. We expect that performing structuring an

ing notes at the same time is difficult, and thus, that delaying structuring is beneficial. Fu

more, we expect that performing semantic structuring employing user-defined terminolo

easier than using pre-defined categories. In addition, applying categorizations should be ea

“expert” users.

Similar effects of user-defined terminology and expert use should be observed during inform

retrieval from notes. We expect information retrieval based on user-defined terminology to b

ier and more effective. Furthermore, experts should be able to better use categorizations

information retrieval from notes. 

Detailed description of research expectations and hypotheses is provided in Chapter 4, sec

5. Thesis Overview

In Chapter 2 we present background information and review the related work. Chapter 3 de

the design of the Electronic Engineering Notebook system and domain-based labels u

semantic structuring of free-form information. In Chapter 4 we describe conducted experim
Chapter 1: Introduction 6
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oints out
as well as analyze and discuss their results. Finally, Chapter 5 presents conclusions and p

directions for the future research.
Chapter 1: Introduction 7
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Chapter 2

Background and Review of Related Work

“There is something fundamentally compelling in grasping structure, a sense
something of significance has been revealed, some deeper mean

Steven R. Holtzman, “Digital Mantras”

“...one of the hallmarks of design problems is that they require extensive structur
Goel and Pirolli from “Motivating the Notion of Generic Design Within Information-Processing Theory”
8



Chapter Section 1.: Introduction

re are

efine

, ratio-

 project

 pro-

e from

d and

 inside

 the time

mation

ime. In

e. The

forma-

tured.

s. 

ruction

nald

ason-

aptured 
1. Introduction

The focus of this thesis is on structuring design information and facilitating access to it. The

many approaches differing in time of applying structuring and in object of structuring. We d

design information as composed of design process information (requirements, decisions

nale, dependencies), design artifact information (parts, parameters, values, features), and

management items (issues, actions, goals).

2. Structuring Design Information

Information in its life-cycle exists outside and inside an information system. An information

cessing system is not synonymous with a computer system, for its implementation can rang

paper-based filing system to complex distributed computer system. Information is create

used outside the system, and is stored and processed inside the system. Information flow

the system can be divided into three stages: information capture, information structuring1 and

information access. Relationships among these three stages can be characterized along

and tool space dimensions. We focus on relations between capture and structuring. Infor

structuring and capture can take place simultaneously, or structuring can follow capture in t

addition, marking elements and classifying them in structuring can also be separated in tim

same tool, or two different tools can be used to capture information and to structure that in

tion. We can further characterize information structuring by describing what is being struc

The object of structuring can be a design process or the information created by that proces

The design process involves construction and reflection about design [Schön 1983]. Const

includes actions involved in shaping the solution (“knowing-in-action” - a term coined by Do

Schön), and it “produces” the structure of an artifact being designed. Reflection involves re

1. Structuring is used here in a sense of semantic structuring, which involves two steps: marking elements of c
information and attaching semantic categories.
Chapter 2: Background and Review of Related Work 9
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ing about action (“reflection-in-action”), it “produces” argument structure (design process s

ture). Construction1 and structuring can be performed within the same or separate tools.

model is depicted in Figure 1.

Figure 1. Structuring in design information life-cycle2

Our review of related work is guided by the framework described above.

2.1  Shaping the process

The first group of methods and tools aims to shape the design process. Designers follow

dures that systemize their thinking with the intent of improving the process. The design pro

structured by guided exploration of the design space. Different methods cover elements fro

ious design sub-spaces (e.g. argument, alternative, criteria, evaluation, and issue sub-sp

their relations. This type of approach was originated by Rittel [Rittel 1972] in his work on Is

Based Information System (IBIS). In these methods, design information is structured as a re

1. Construction involves creating an external representation of an artifact being design. This representation c
recorded, for example, on paper or in electronic media, and can have a form of notes and drawings. In this w
are interested in capturing this representation. In this chapter construction is used in a sense of actions cre
external representation that is being captured.

2. The diagram represents elements of an information system from the user interaction perspective. Other co
nents of an information system (e.g. storage), not evaluated directly in this research, are not shown. Howe
storage model was designed and implemented in the EEN (see Chapter 3).

Capture Structuring

Design 

Information System

Access

Tool Space

Time

Design
Artifact Process

(Construction) (Argumentation)
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structuring the process. Capture and structuring are performed at the same time, and u

same tool (see Figure 2). 

Figure 2. Shaping the process

QOC ([MacLean et al. 1991], [MacLean et al. 1993], [Buckingham 1996]) is an example

semi-formal argumentation-based methodology of this type. QOC stands for Questions, Options

and Criteria which are used to systematically represent and reformulate the design space.Ques-

tions are used to express key issues in the design, options are alternative answers to questions, and

criteria are appealed to in choosing one option over another. In addition, assessments represent

relationships between options and criteria (there are two types of assessments: supports or

objects-to), while arguments can be used to debate the status of assessments. These eleme

summarized in Figure 3. Boxed options are used to indicate a design decision.

Capture Structuring

Time

ProcessArtifact

Information System

Access

Tool Space
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Figure 3. The vocabulary of QOC used to represent design space

QOC is used to analyze design space by discovering dimensions of a space (questions?), of

exploring the space of alternatives (options), of justifying why one point in a space is better th

another (through criteria, assessments, and arguments) and then making decisions. QOC does not

require a high-tech solution; it can be implemented using paper forms. For recording rough

a sheet of paper consisting of three columns (for Questions, Options and Criteria), and a w

area (for not immediately classified ideas) could be used. 

The value of QOC, and similar approaches (in design domain: DRL [Lee 1991], gIBIS [Co

et al. 1988], a collection of various approaches [Moran et al. 1996], and in other domains

min structures [Toulmin 1958], [Newman et al. 1991], argument structures for writing [Schu

al. 1990], [Streitz et al. 1989]), come from supporting focused exploration of the design s

However, experiences with QOC, and other methods in performing capture and structur

design information at the same time, provide common results showing that designers have

cant difficulty structuring their thinking while working on design tasks [Buckingham et al. 19

Designers also have considerable difficulty in expressing their arguments when forced to 

...

.
.
.

Chapter 2: Background and Review of Related Work 12
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argumentation schema. On the other hand, it has been shown that the representations use

methods are adequate for structuring design information, as described in the next section.

2.2  Separating construction and structuring of design information

In our approach, we stress non-intrusiveness and strive to perform structuring without ch

the design process. Thus structuring design information is separated in time from its cr

There are two groups of systems following this approach. In the first group, design process

captured and then structured (Figure 4); in the second both artifact (its appropriate represe

e.g. drawing) and process are captured and subsequently structured in a different tool (Fig

While the methods described in the previous section are difficult to use in capturing design

mation in real design setting, the techniques and representations employed in them can be

post-generation analyses. For example, QOC was used not only during the design proc

also afterwards [Shum et al. 1993]. It was generated a posteriori from the recorded design s

and design documentation to gain better understanding of the design process. Such a us

consuming and costly. 

Figure 4. Post-structuring the process 

In the work described so far, structure of the design process was captured along with some

artifact elements; structure of the artifact was not recorded. In other approaches, a model o

artifact was used to structure earlier captured design information (Figure 5). As reported in

Capture Structuring

Process

Information System

Access

Tool Space1 Tool Space2

Time1

Time2 > Time1

Time2

Artifact
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din et.al. 1993], a body of documents from a design project was manually structured and i

with domain model terms. The authors demonstrated resulting improvement in inform

retrieval over boolean text search. 

In this thesis, we are interested in ascertaining the suitability of a subset of a similar domain

sentation applied by designers to structuring their design notes in an electronic notebook. 

Figure 5. Separation of construction and structuring 

Although dubbed “notebook”, MECE (Multimedia Engineering Collaborative Environm

[MECE 1995]) is more like a hypermedia authoring tool with shared publishing (and thus w

not group it with other electronic notebooks, which are discussed in section 2.4.1). Entries 

composed of text and pre-existing images, audio and video clips. Each entry has a structu

posed of basic information (authorship, description) and content structured by concept

domain representation. Entries have types and keywords associated with them. The author

provide information as to whether types are based on pre-defined domain concepts or 

terms. Users can define a hierarchy of keywords for each design project. MECE contains

word manager which maintains the hierarchy of keywords, their definitions, and synonyms.

the examples of use provided, the combination of concepts from domain representation an

defined terms for indexing design information seems promising. However, no detailed stud

reported.
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In [Klein 1997] Klein reports on a continuing effort to develop a design representation cap

artifact structure and design process. He presents the system’s user interface (C-DeSS). C

tion, in a sense of defining artifact’s geometry, is performed using standard CAD tools. The

ing is then structured by defining and naming geometry features. The resulting pre-stru

image is subsequently structured within the C-DeSS interface by attaching elements from t

resentation to artifact’s features. 

Separating tools used for construction and structuring increases the gap between the two a

and complicates the process. While tools employed in practice (e.g. CAD software) may i

such a separation, our interest is in integrating construction and structuring. 

2.3  Documenting design - form-based interfaces

Design documentation, created after performing the design, can be seen as a kind of post-

ing of design information. However, documentation is quite often produced retrospectively

typical motivations for creation of design documentation are management or outside use, o

requirements to secure intellectual property generated in a project. Both supervisory an

purposes do not require recording all design reasoning, and thus, most often, only the final

information is recorded and the whole design process is lost.

Periodic reports are a prevalent form of documentation. Such reports often require filling ou

cial forms where particular subsets of design project information are briefly described and in

or less constrained formats. Paper is the most common medium used for design docume

Even when computer support for documentation is available, it is generally limited to static

entry forms. A novel concept, dynamic forms, is suggested in [Girgensohn et al. 1995]. Dy

forms that hide fields not applicable to the current situation and identify fields still needing 

tion may make the documentation task less onerous. However, the dynamic features o

forms require pre-programming, and, thus, this solution is appropriate for well-structure

repeatable tasks.
Chapter 2: Background and Review of Related Work 15
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Forms, if used during the process, become an example of an interface in which structuring

formed during information capture (see section 2.1). 

2.4  Non-intrusive capture and structuring

In the above reviews, we pointed out the difficulties arising along the time and tool space d

sions relating information capture and structuring. We suggested that separation in time, a

gration in the tool space, are essential for non-intrusive capture and structuring of d

information (Figure 6). Tools built with this approach in mind belong to a class of electronic 

books that use delayed structuring. The degree of non-intrusiveness varies with the type 

interaction supported (pen-input, keyboard input) and with the method of structuring (e.g. c

involving marking of structural elements and delayed classification, versus full delay of str

ing).

Figure 6. Integration in space and separation in time of construction and structuring

2.4.1  General purpose personal electronic notebooks

Several systems have been developed for indexing and structuring information in person

tronic notebooks. 

In Dynomite [Wilcox et al. 1996] properties describing type of information can be assign

handwritten notes and user-defined keywords to pages. The system has a set of pre-defin

Capture Structuring

ProcessArtifact

Information System

Access

Tool Space

Time1 Time2

Time2 >=*) Time1
*) equality sign denotes flexibility in applying structure
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eral purpose properties, other can be added by users. Proteus [Erickson 1996] uses “stam1 to

mark notes. The author noted that cognitive overhead associated with applying stamps pr

them from being used in practice.

Although keywords, or other structuring elements, are employed in these electronic note

empirical studies on keyword terminology usage and on its effects on information retrieval 

gies are generally lacking.

2.4.2  Electronic Design Notebooks

In [Hong 1995] the authors present PENS (Personal Electronic Notebook with Sharing)- a

weight notebook for designers. PENS supports note-taking, browsing, and sharing notes t

the Internet. It is essentially an off-line Web-authoring tool with browsing capabilities. The

board is the only input device. Notes are shared by weaving their contents and structure

group notebook located on the WWW. Structuring notes is performed by assigning them

defined categories; only four categories can exist simultaneously, if more are needed a ne

book has to be created. The authors do not report on the use of terminology for categories

managing the shared notebooks’ categories. 

Electronic Design Notebook (EDN - [Lakin et al. 1989], [Lakin et al. 1992]) was an earlier e

in the same research center (Stanford’s Center for Design Research). In EDN designer

design information using a desktop computer with pen-tablet running vmacs-EDN soft

Information structuring is performed by adding user keywords called “idea-tags”. Tagging is

formed with visual markers. To allow for mapping between the designer-centered view (exp

by idea tags) and the organizational view of a design, a translation table is created by a kno

engineer (or by a designer). This translation table is based on the particular designer's n

habits and design ideas. In the design information access stage, user queries can be expre

in designer’s terms and in organizational terms (requirements). Terminology use is not repo

1. Stamps are textual or graphical labels used to mark notes.
Chapter 2: Background and Review of Related Work 17
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In earlier work on EEN in our research laboratory (Enterprise Integration Laboratory at the

versity of Toronto) [Louie 1995], Louie focused on design information acquisition. In a seri

three studies he compared paper and electronic notebook with regard to reading, writin

sketching activities. In reading and sketching both media were found to be equally good; i

ing, paper was a better medium. Three versions of electronic notebook hardware differ

screen size were tested, the larger the screen the better the reading and sketching perform

observed. The focus of this thesis is on design information structuring. Furthermore, we 

oped an EEN with extended functionality (see Chapter 3). 

The Electronic Engineering Notebook described in this thesis integrates construction and s

ing, while allowing for delayed, incremental structuring - both unstructured and structured 

mation can co-exist.

2.5  Conclusions

Support for non-intrusive capture of design information and delayed structuring within the

tool space is not addressed well in other work.

Domain representations were used in previous work to structure design information. The p

of structuring was, however, either not separated in time from information capture or, if sepa

it was performed by using separate tools.

On the other hand, while previous work on electronic notebooks is similar to ours along th

and tool space dimensions, empirical studies on terminology used to categorize structured

information and on its effects on subsequent information retrieval strategies are generally la

Furthermore, non-intrusiveness of electronic notebooks is not only determined by relat

information capture and structuring in time and space, but also by the type of supported i

tion. Most other electronic notebooks did not employ free-form interaction paradigm and d

support pen-based input (the exceptions were Dynomite and EDN).
Chapter 2: Background and Review of Related Work 18



c.”
Chapter 3

Design of Electronic Engineering Notebook

“Any sufficiently advanced technology is indistinguishable from magi
Arthur C. Clarke, “The Lost Worlds of 2001”
19



Chapter Section 1.: Overview

g and

gineer-

rs. As

d devel-

ity to

le for

g and
1. Overview

We described earlier (Chapter 1, Section 2.) the difficulties that engineers have in acquirin

accessing design information. We also stressed the importance of this information in the en

ing process. The goal of this work is to improve access to design information by enginee

part of the thesis (see thesis objectives outlined in Chapter 1, Section 3.) we designed an

oped a system for non-intrusive acquisition of design information that provides capabil

semantically structure this information using engineering concepts, and makes it availab

retrieval. The system is called Electronic Engineering Notebook, or EEN for short.

Figure 7. Organization of Chapter 31

The main functions of the EEN are information capture (presented in Section 2.), indexin

structuring (see Section 3.), and information access (see Section 4.). 

1. Text and symbology used in this figure is introduced in Chapter 2.

Capture Structuring

Information System = EEN

Access

Tool Space
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The EEN has three interface variants called: FFP, FFU, and FORM (Table 1).

Sections 2.- 4. describe FFP and the common elements to all interfaces, while Section 5. a

tion 6. focus on the differences in FFU and FORM, respectively.

2. Note-taking - Capturing Information 

In order to achieve non-intrusiveness we incorporated natural note-taking features of trad

paper engineering notebooks. In the design of the user interface for EEN we employed the

iar notebook metaphor, including methods of organizing information (e.g. pages, table o

tents). Support for natural user interaction was complemented by using pen-based input.

Elements of the notebook metaphor give EEN the “look and feel” of a notebook. These ele

include: visual appearance, interaction style and information organization. We describe th

in detail in the following subsection (Section 3.). The visual appearance of EEN user inter

similar to a paper notebook’s page with added controls for navigation and indexing (see Fig

Table 1: EEN interface variants

Symbol Explanation

FFP Free-form interface with pre-defined terminology for semantic structuring

FFU Free-form interface with user-defined terminology for semantic structuring

FORM Fixed-form interface with pre-defined terminology for semantic structuring
Chapter 3: Design of Electronic Engineering Notebook 21
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 draw

aints on
Figure 8. Free-from EEN User Interface with Pre-defined Labels (FFP)

Users interact with EEN using pen input. The input is free-form, that is, users can write or

anywhere on the electronic notebook page and the system does not impose any constr

where the information can be entered. The objects created by users are called free-form objects;

we refer to them using abbreviation FFO hereafter. 

}
}

Main concept buttons

Attribute and relation buttons

Active relation labels

Main concept labels

Attribute label
Inactive relation label

Page Navigation
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entary
Definition 1

Free-form objects are two-dimensional objects that can be created any-

where within an input area of an electronic notebook page. FFOs can be in 

the form of handwritten scribbles, typed text, as well as can be created from 

predefined elements.

EEN supports handwritten and typed text FFOs. Handwritten FFOs are composed of elem

pen strokes, which are stored by the system as digital ink.

Definition 2

Digital ink is an internal representation of pen strokes. The representation 

contains the coordinates of each stroke, and optionally, characteristics of 

pen, such as color and thickness of pen. They can be user defined or come 

from pen-input hardware, for example, pen thickness can be controlled by a 

pressure sensitive pen device.
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Figure 9. EEN Internal Data Architecture (in OMT notation)

Figure 9 presents EEN’s internal data architecture. A notebook can have multiple pages, w

turn, can have multiple FFOs. FFOs can have attached labels, one main concept label and 

attribute labels. FFOs can be linked by semantic relations. Labels are described in more d

Section 3. The terminology used in labeling is presented in Section 7.

Users can perform several operations on FFOs. The operations include move, cut, paste

and group. In handwritten FFOs, single pen strokes can be erased. The operations 

described in the BNF notation as follows:

<1arg_operation> := <1arg_operator> (<selected FFOs> | <last created FFO>) (

<1arg_operator> := move | cut | delete | group (EQ

<paste_operation> := paste (EQ 3

<selected FFOs> := FFOs selected by dragging a election rectangle (E

<last created FFO> := the last FFO created by user (EQ

Operators are applied to arguments (FFOs) which are selected first. Selection of FFOs 

formed by dragging a selection rectangle over the desired FFOs. Operators are selected

pull down menu located at the top of the display. Paste function operates without an arg
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Shortcuts, in the form of buttons located at the bottom of display, are provided for the mos

mon operators (see Figure 8). In addition to the above typical operations, FFOs can be ta

using labels. 

<tag_operation> := <tag_operator> (<selected FFOs>) (EQ

<tag_operator> := <main concept label> | <attribute label> | <relation label> (E

<main concept label> := Requirement | Part | Parameter | Rationale | Issue | Action | Meeting

<attribute label> := <attribute labels depend on the selected main label> (E

<relation label> := <relation labels depend on the selected main label> (EQ

Tag operators are selected by using one of the label buttons on the right-hand side of th

Labels are described in more detail in Section 3.

Another important factor to be considered when providing non-intrusive information acqui

is hardware technology. Our EEN is designed to be used in a light-weight, pen-based, 

computer with wireless communication. 

For the purpose of this thesis work, we relied on currently available commercial hardware

tions. We can expect that as newer technology becomes available, smaller, lighter devic

more natural pen input will come to the market. Our EEN software is ready to use their fea

3. Structuring Notes - Making Information Understandable 

Once the content has been created in the process of capturing information, it has to b

understandable to the system. We do not rely on handwriting or sketch recognition. Inste

make the meaning of the content explicit to the information system by the process of se

structuring1. Our purpose of making the content explicit to the system is to support inform

finding by its users.

1. Levels of structured content in electronic notebooks with free-form interaction are described in Appendix A
Chapter 3: Design of Electronic Engineering Notebook 25
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Each FFO can have attached one main label describing the class of information and any nu

specializing labels (attribute or relation labels). Our model of classifying information is analo

to an object-oriented model. Semantic labels are divided into three groups: 

1.main labels- specify class of information which describes the main concept contained 

FFO

2.attribute labels - specialize information contained in an FFO

3.relation labels - link related pieces of information (FFOs)

For example, in Figure 8 the first FFO (“Power supply”) is marked with the main concept 

“Part”, and has two relations attached: “Has_parameter” and “Has_requirement”. The s

FFO (“current 100mA”) is marked with the main concept “Parameter”, with attribute l

“Value”, and has a relation label attached “Parameter_of”.

The process of semantic structuring involves two steps. First, an element of structure is ma

selecting a single FFO or a group of FFOs. Next a semantic label is attached to the mark

ment by tapping on a main concept button. Grouped FFOs are handled as one FFO1. Further struc-

turing of the content takes place by adding more labels and by adding links between la

FFOs. This is done by means of concept sensitive labelling of FFOs. 

Concept sensitive labelling means that after attaching the main label to an FFO the sy

“knows” what other attributes and relations are appropriate for this main concept. A l

attribute and relation buttons with these labels is shown under the main label buttons (see

8). Attribute labels and relation labels are added by selecting a labelled FFO and then tapp

of the attribute and relation buttons. 

Creating links between labelled FFOs takes an additional step. After a relation label is atta

an FFO it needs to be linked to another FFO. Double tapping on a relation label opens an i

1. A marked structure element is thus the same as a labelled FFO.
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all FFOs in a notebook labelled with main concepts to which this relation can be linked (F

10). Double tapping on an element in an index displays a thumbnail view of an FFO in the

position on its page (Figure 11). Link to this FFO is confirmed by double tapping on it. We

this process linking in context since the destination FFOs are first viewed in the context in wh

they appear on a page. After performing the linking, relations become active, that is links can be

followed by double tapping relation labels (see also Semantic linking on page 31).

Figure 10. Index with all “Part” labels1 in a notebook

Text in active (i.e. linked) relation labels is displayed in a bold font (e.g. “Has_Parameter

“Parameter_Of” relation labels in Figure 8). Text in inactive labels is displayed in a regula

(e.g. “Has_Requirement” in Figure 8). Links between FFO are bidirectional and make a 

bidirectional graph with labelled FFOs as nodes. 

Figure 11. Linking in context - thumbnail view of a “Part”

1. Terminology used in EEN’s interface refers to labels as tags
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Indexing and structuring of information is flexible and can be performed incrementally a

time, during or after creation of content. Terminology used for labels is taken from formal 

neering ontologies. Further details are provided in Section 7. of this chapter.

Labels and links play an essential role in making the EEN content understandable, in ca

the design information, and in sharing the recorded information. They allow for indexing

structuring of design information recorded by engineers. They provide the means for the s

cation of parts, parameters, requirements, decisions, rationale, functions, issue, actions. Th

ification of engineering concepts makes the design information captured in the EEN acces

engineers.

4. Browsing and Retrieving Notes - Information Access

The EEN gives four main ways to access information: sequential access, page name 

semantic index access and semantic linking.

4.1  Sequential access

In sequential access electronic notebook pages are accessed in the order they were crea

ure 12).

Figure 12. Sequential Access

...1 2 3 n
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4.2  Page name access

This mode allows to jump directly to a page with a given name. It is depicted schematica

Figure 13.

Figure 13. Page Name Access

Page name access is performed by using part of the EEN’s table of contents (TOC) lis

pages (Figure 14). Each page name displayed in TOC is linked to a page and user can jum

page by double tapping on the name.

Figure 14. EEN Table Of Contents (user page names)
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4.3  Semantic index access

As in page name access mode, the user can jump directly to a page with a given label (Fig

in semantic index access. The mapping between concepts and pages is ambiguous, since

cept can be attached to many FFOs on many different pages. Therefore, the EEN pro

method of selecting pages after selecting a concept. Semantic index access is performed 

part of the EEN’s table of contents, which lists all main concepts (Figure 16). Under each c

a list of pages is displayed that contain this concept. Using the same mechanism as desc

page name access, user can jump to a page by double tapping on its name.

Figure 15. Semantic Index Access

Figure 16. Table of Contents (main concept indexes)
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Instead of using the main table of contents, user can first select the main concepts and pag

in a search dialog (Figure 17). The system then gives access to a subset of the notebook, 

ing a table of contents comprising only these pages that match the query (Figure 18). Ac

pages is then performed in the manner described before.

Figure 17. EEN Search Dialog

Figure 18. Search Results

4.4  Semantic linking

Semantic relation labels attached to FFOs are active, in a sense that user can follow the

from one FFO to another by double tapping on the relation labels (Figure 19). 
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Figure 19. Semantic Linking

4.5  Other methods of access

EEN allows users also to jump directly to a page with a given page number which is ente

into the page number field at the top of page display (Figure 8).

To support quick visual scanning of the content, EEN provides thumbnail views (Figure 2

Any page can be quickly accessed by double tapping on its small image. 

Figure 20. Thumbnail view
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5. EEN with User-Defined Labels 

The second interface variant (FFU, see Figure 21) is also free-form, but with user-defined, 

of domain-based, terminology used for labels. New terms are entered using keyboard inpu

concept entry field. Labels with concepts can be attached to FFOs similarly as described 

tion 3. All labels in the FFU interface are main labels. No attribute or relation labels ca

defined. Mechanisms for browsing and retrieval of notes are the same as those described

tion 4.

Figure 21. EEN with User-defined Labels (FFU)

}
User-defined ConceptsConcept entry field
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6. EEN with Fixed-form Interface

The third interface variant (FORM, see Figure 22) is fixed-form, instead of free-form, and us

same domain terminology as the FFP interface. Each of the main terminology concepts ha

responding form with attributes and relations represented as fields. New pages with fo

desired type are created by tapping on a button on the right-hand side of screen. Any num

forms of each type (i.e. any number of main concepts) can be used. A special general typ

called “Description”, is provided for situations when users do not know how to classify info

tion. Mechanisms for browsing and retrieval of forms are the same as described in Section

Figure 22. EEN with Fixed-form Interface (FORM)

}
Form selection buttons = 

Main conceptsField labels
Main concept
Form type = 

Fields
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7. Semantic Labels

Semantic labels attached to engineer’s notes make their meaning explicit to the computer 

The mechanism for adding labels was described in Section 3. This section describes the te

ogy used for labels. The terminology is based on formal engineering representations.

7.1  Formal engineering ontologies

In order to make design information effectively accessible to engineers, it needs to be cla

and related using a well-defined terminology. Engineering ontologies are used for this pu

An ontology is a formal description of objects1 from a given domain with their properties, rela

tionships, and behaviours; it provides a representation of domain knowledge.

A set of formal engineering ontologies has been developed in the Enterprise Integration L

tory (EIL) at the University of Toronto. The ontologies include requirements ontology [Lin e

1996], product ontology [Lin 1997], organization ontology [Fox et al. 1996], cost ontology [T

et al. 1994], quality ontology [Kim et al. 1994], activity [Gruninger et al. 1994] and reso

ontology [Fadel et al. 1994], and project ontology [Gwizdka et al. 1996]. In the EEN we use

ments from requirements ontology, product ontology, and project ontology.

Our motivation for using engineering ontologies as the basis for terminology used in EEN w

provide terminology for engineering design that is familiar to engineers and that can be sha

them. We chose ontologies from EIL, because they provide appropriate terminology for str

ing engineering notes, that is, these ontologies can answer a set of questions that enginee

should answer. For example: What are the subcomponents of a part? What is the value

parameter-X in part-Y? What are the requirements of a part?

1. In the context of representations, object is used interchangeably with concept.
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7.2  Subset of ontologies employed in the EEN

The terminology elements used in the EEN were selected from the product, requireme

project management ontologies for the purpose of capturing a simple design meeting. Tabl

ontology elements used in the EEN with their attributes and relations. Only a subset of onto

were used. Furthermore, not all attributes and relations from ontologies have been used

some others have been modified. For example, only one level of requirements are allowed

tions between ontology elements are shown in Figure 23. 

Table 2: Subset of ontologies used in the EEN

Main concept Attributes Relations

Requirement
name, description, expression, 
status

requirement_of, has_rationale, 
raises_issue

Rationale name, description rationale_for

Part name, description, type
has_requirement, has_subpart, 
subpart_of, has_parameter, 

has_rationale, raises_issue

Parameter
name, description, unit, value, 

physical dimension

parameter_of, has_rationale, 

raises_issue

Issue name, description, status issue_of, has_action, solved_by

Action
name, description, status, due 
date

from_issue, raises_issue

Meeting name, description, date raises_issue
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Figure 23. Relationships of the design process, product, and project ontologies

8. Implementation

In the course of this research we have implemented two versions of the EEN. The first 

Apple Newton MessagePadTM hardware, and the second in JavaTM. Although the implementations

had many elements in common, the details of the design described in this chapter refer to 

version.

The “Newton” version was written in Newton Script and run under Newton Operation Sy

version 1.3 or lower on MessagePadTM models 100-120. User interface from this implementat

is shown in Figure 24. The main limitation of Newton-based EEN was the small screen size

made it difficult to use in practice.
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Figure 24. EEN user interface on the Newton

The Java implementation was written in Java 1.0.2; it consists of 33 Java classes and a

mately 8500 lines of code (Figure 25 depicts internal architecture of the Java EEN). This v

has the capability to run on any platform with a Java virtual machine1 (JVM version 1.0.22) and

pen input3. Due to the relatively slow speed of execution of Java code by currently available

virtual machines, the EEN requires computers with fast processors, for example, we

266MHz Pentium-based computer with 64MB RAM. We used Wacom pen-tablet with a non

sure sensitive pen (SP 200) as a pen-input device. 

1. The EEN could be run by Java virtual machines provided in Web browsers (e.g. Netscape, Internet Explor
However, due to security restrictions no access to local file system is possible, and thus, notes could not be

2. Higher version of JVM can, in principle, execute the EEN. However, due to changes, and in particular due 
modifications in the event processing model, some functions may be not available.

3. The EEN can be used with mouse instead of a pen, however using a mouse for writing is very inconvenien
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Figure 25. Simplified internal architecture of the EEN
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9. Summary

The Electronic Engineering Notebook supports free-form (FFP and FFU) or fixed-form (FO

interaction, and allows for semantic information structuring using either terminology bas

formal engineering ontologies (FFP and FORM) or terminology defined by users (FFU)

main functions of the EEN are information capture, semantic information structuring, and 

mation browsing and retrieval. In the free-form interface variants, semantic information str

ing is performed by attaching labels to notes, in the fixed-form variant, structuring is perform

using appropriate forms and writing notes in fields with pre-attached, fixed labels. The EEN

vides four main methods of information access: sequential access, page name access, 

index access and semantic linking. In addition, the EEN provides direct page number acc

thumbnail views of pages. Initial implementation of the EEN run on the Apple Newton Mes

PadTM. The current implementation is in JavaTM. 
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Chapter 4

Experiment

“ Experiment!
Make it your motto day and night.
Experiment,
And it will lead you to the light.”

Cole Porter, “Experiment” from “Nymph Errant”

“It is a good morning exercise for a research scientist to discard   
a pet hypothesis every day before breakfast. It keeps him young

Konrad Lorenz, “On Aggression”
41
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1. Introduction

Electronic Engineering Notebook, described in detail in the previous chapter, allows for t

notes and structuring them. We conducted an experiment in which we compared free-for

form-based interface variants of EEN as alternatives for structuring design meeting notes

form interface was compared in two variants, the first using domain-based labels for se

indexing and the second using user-defined labels. We examined the usability of each use

face variant. The comparison was performed from the point of view of capturing, structuring

subsequently retrieving design information, and more specifically, the design process 

(requirements, rationale, issues), the product structure (parts, parameters, values), and

management items (actions, meetings). We compared ease of use of free-form versus form

interface and ascertained suitability of pre-defined domain-based terminology versus user 

terminology. 

2. Research Expectations and Hypotheses1

The experiments were designed to evaluate our research expectations and to test hypothes

area of note-taking, structuring notes, and information retrieval from notes. In some cases

tations refer to observations which cannot be quantified and thus corresponding hypothe

not provided in these cases.

2.1  Note-taking

Expectation 1a

Note-taking in a free-form interface is easier than in a form-based interface. 

1. For each of the hypotheses, the corresponding null hypotheses are that there are no differences concernin
examined effects.
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Our expectation is that note-taking style afforded by a free-form interface is closer to note-

on paper, and thus, that a free-form style interface is more natural, and therefore easier to 

expect that a more natural free-form interface allows for quicker note-taking. 

Expectation 1b

Free-form interface allows users to take and subsequently structure notes more quic

than a form-based interface.

Hypothesis 1a

Time taken to record notes and to structure them is shorter in the free-form interf

than in the form-based interface.

We further expect that free-form interface, being easier to use, allows for taking better, 

more complete, notes, and thus:

Expectation 1c

Notes taken using the free-form interface are more complete

The completeness of notes can be measured by counting the number of concepts cove

comparing it to the number of concepts contained in the source from which the notes were

Hypothesis 1b

The number of concepts captured in notes taken using the free-form interface is h

than when using the form-based interface

2.2  Structuring notes

Semantic structuring involves two steps: applying the structuring mechanism and decid

which semantic category information belongs to. We expect that performing structuring an

ing notes at the same time is difficult and, thus, that delaying structuring is beneficial.
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Expectation 2a

Structuring notes is easier after, rather than during, note taking.

Selecting one’s own categories imposes lesser cognitive load than selecting pre-defined 

ries. This effect is based on familiarity with terminology. 

Expectation 2b

Performing semantic structuring employing user’s own terminology is easier.

Experienced users are more familiar with the terms from their domain, and thus applying c

rizations should be easier for them; they should be able to do it better in a sense of “con

categorization.

Expectation 2c

Domain experts can better apply semantic categories.

2.3  Information retrieval from notes

Similar effects of user-defined terminology and expert use should be observed during inform

retrieval from notes, and hence:

Expectation 3a

Information retrieval using one’s own terminology is easier and more effective.

One of the ways to evaluate the effectiveness of search is to measure the number of catego

based steps taken by users in searching for information. 

Hypothesis 3a

The number of categorization-based search steps is smaller when using one’s ow

minology than when using pre-defined terminology.
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Expert users should better employ categorizations. We can measure this skill by compar

number of categorization-based search steps taken by users.

Expectation 3b

Experts can better use categorizations during information retrieval from notes

Hypothesis 3b

Number of categorization-based search steps is smaller for experts than for novi

Based on more “conscious” usage of semantic categories (Expectation 2c), experts should

categorization-based search more often than novices.

Hypothesis 3c

Experts use categorization-based search more often than novices.

3. Methodology

3.1  Subject population. 

Twenty students (undergraduate and graduate) from the Department of Mechanical and In

Engineering at the University of Toronto participated in the experiment. Subjects were cho

the basis of their engineering design experience. The minimum experience required was a

sity engineering design course. 

Subjects were paid $20 for their participation in the experiment. Copies of the subject c

form and other documents related to experiment administration are provided in Appendix E
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3.2  Experimental design

3.2.1  Experiment conditions

1. Free-form interface with domain-based semantic labels (FFP).

2. Free-from interface with user defined labels (FFU).

3. Form-based interface with domain-based forms and fields, based on the same terminol

the first condition (FORM).

The interfaces used in the experiment are described in Chapter 3. The terminology is desc

Chapter 3, Section 7.

Subjects were randomly allocated across the three interface conditions (Table 4). For the

tions of “expert” and “novice” see Section 5.3.

The experiment consisted of two sessions, each lasting approximately one hour. The s

were conducted separately for each subject. In the first experimental session subjects perf

Table 3: Interface Conditions

Terminology

Pre-defined terminology User defined terminology

Interface type
Free-form FFP FFU

Fixed-form FORM ---

Table 4: Allocation of expert and novice subjects across interface conditions

Interface 
Condition

Novice Expert Total

FFP 4 3 7

FFU 2 4 6

FORM 4 3 7

Total 10 10 20
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note taking task from a videotaped design meeting (design project used in the mee

described in the next Section 3.2.2). In the second session they performed an information r

task. (Experiment sessions are described in detail in Section 3.2.3 and 3.2.4.)

3.2.2  Design Project

Design project was chosen to be simple and to use generally familiar concepts (e.g. length

than stiction torque; case, rather than shoulder yaw joint). The objective of the project w

design a programmable thermostat interface for a house heating system. The interface

allow programming of a temperature profile for one day (for example, 18 C during the night,

from 7:00 am till 8:00 am, 15 C during the day, 22 C 6:00 pm till 11:30 pm).

Design session

The videotaped design meeting was performed by a design team composed of two “des

involving a university professor and a graduate student as actors. The meeting lasted 10 m

Topics discussed during the meeting included: components of the interface, along with

parameters and values (e.g. function keys, size 1cm x 1cm); requirements of and ration

these components and their parameters (e.g. rationale for the size of the keys: adult finge

actions required by the project and subsequent meetings scheduled (e.g. preparation of l

the keys, due in a week). A list of concepts to be discussed during the design meeting w

pared in advance (the list is provided below). 

1. Thermostat control

1.1 Parameter: programmable for 24 hour period of time

1.2 Rationale: people’s activities repeat daily 

1.3 Parameter: programmable temperature range 10-35 degrees Centigrade
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1.4 Rationale: bottom limit - interior house equipment not damaged because of low tem

ture, upper limit - average human body temperature

2. Placement of the thermostat interface

2.1 Parameter value: 1.2 m above the floor level

2.2 Rationale: higher than a little kid could reach, and not too high for an average adult

3. Part: Numeric keypad

4. Part: Function keys

4.1 Number of keys: 3 

4.2 Parameter value: size of keys 1cm x 1cm

4.3 Rationale for size: big enough for a finger; not too big to save space and material

5. Part: LCD display

5.1 alphanumeric 6x15 digits, auto backlit (green) at night

6. Part: Case

6.1 Parameter: material; Value: plastic or alternatively metal 

6.2 Rationale for material: durability

6.3 Parameter: colour: Values: available in a variety of gray/beige/white/black.

6.4 Parameter value: height: 10cm

6.5 Parameter value: width: 12cm

6.6 Parameter value: depth: 2cm

6.7 Rationale for depth: to fit power supply
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7. Part: Power supply

7.1 Parameter values: current min. value 50mA, desired 100mA 

8. Part: Back-up battery 

8.1 Parameter value: a 9V alkaline battery

8.2 Rationale: in case of power outage the temperature setting cannot be lost

9. Action: design sequence of keystrokes to enter the data, due in a week

10. Action: analyze cost of parts, due in two weeks

11. Next meeting scheduled in two weeks

A diagram illustrating relations among all concepts is provided in Appendix B.

3.2.3  Note-taking session 

The first session started with a short (10-15 minutes) training. The purpose of the training 

give subjects a short background on the design process and its terminology, to explain the

demonstrate the system interface, and, in the FFP and FORM conditions, to familiarize use

the domain terminology usage in the interface. At the end of the training, subjects spent 

minutes getting used to the electronic pen and to the user interface.

In the main part of the session, subjects spent about 20-45 minutes (depending on the exp

condition) taking notes while watching a video from the design meeting. Subjects were as

take notes as if they were an absent member of the design team. Description of the task a

handouts given to the subjects are collected in Appendix C.

Subjects were allowed to control the video, they could rewind it, or pause it for a reaso

amount of time when they wished.
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After watching the video, subjects in the free-form conditions (FFP and FFU) were asked to

ture their notes by adding labels. In FFP condition subjects could further structure the no

adding attributes and relations to the labelled objects. Subjects in the FORM condition were

to actively review their notes by going through them and counting the types of forms used. 

At the end of the session subjects were debriefed and a short (5 minutes) interview was con

The purpose of debriefing was to find out subjects’ experience with the notebook interface.

interview, subjects were asked about their note-taking habits (see Appendix D for interview

tions).

3.2.4  Information retrieval session

The information retrieval session was run for each subject several days after the first sessio

ing the second session subjects were asked to find information in their notes. 

Subjects were presented with a list of sixteen questions covering all important concepts fr

design meeting (for a list of all concepts and for a graphical representation of their relations

see Appendix B). Subjects were asked not to answer the questions directly, but to find ans

their notes and to talk out loud describing steps they were taking to locate information. Th

of contents with indexes of categories and page names were shown to subjects again. S

were asked to use the structural elements in information retrieval. Subjects were also asked

each search anew. We examined subjects’ information finding strategies and the existenc

required information in subjects’ notes. 

At the end of the session subjects were debriefed. During debriefing subjects were asked to

explain, if necessary, their information retrieval strategies and to describe their experienc

notes retrieval. 

Session two was recorded on an audio tape.
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4. Apparatus

The two main components of experimental apparatus were hardware and software.

Hardware: A 266MHz pentium-based desktop PC (IBM Aptiva) with 64MB RAM running W

dows’95 and equipped with a Wacom pen tablet as an input device. 

Software: The EEN JAVA application described in Chapter 3.

Experiment location. Experiment was conducted in the Interactive Media Laboratory at

Department of Mechanical and Industrial Engineering at the University of Toronto. 

5. Data Collection and Evaluation

5.1  Data Collection

The following data was collected in the experiment: notes taken by subjects during the fir

sion, notes made by the experimenter on observations of subjects and during debriefing 

sessions, subject answers to interview questions, and audio tapes from the second sessio

imenter notes from the second session included a record of the steps taken by subjects in

ing information to answer questions.

5.2  Data Evaluation

Collected data was evaluated in the following areas:

1. Subjects’ notes statistics

The main statistics were calculated automatically by the note-taking program (EEN). The

included: number of pages (total and full), number and type of labels (or forms and fields
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number of labels per page, number of main concepts, and number of main concepts per page. 

In the FORM condition main concepts are equivalent to forms, in the FFU condition main

cepts are the same as user labels, and in the FFP condition main concepts are the seve

pre-defined labels (see Chapter 3, Section 7.). In the FFP and the FORM conditions num

attributes and relations were also calculated (total, per page, and per main concept). In ad

terminology employed by subjects for labels in the FFU condition was analyzed accordin

the domain terminology used in the FFP and the FORM conditions. To explore patterns 

minology usage, user terms were divided into abstract and concrete groups. 

Additional statistics were performed manually by going through all subjects’ notes. Thes

included statistics of note organization elements used by subjects. For example, usage o

indents, bullets, lines, arrows, and braces.

2. Note-taking session statistics

We measured time taken by subjects to write notes while watching the video and time ta

organize notes afterwards. In the FORM condition the first time includes both note-taking

organization.

3. Information retrieval session statistics

In the retrieval session subjects were finding information in their notes to answer sixteen

tions covering main concepts from the design session. Completeness of subjects’ notes

measured by counting the number of concepts covered in notes. In addition, the number 

cepts covered that were categorized was measured. A score equal to the number of con

involved in an answer was assigned to each question. Answers not covering all concepts

given partial scores.

4. Information retrieval strategies

Notes from the second session, and from audio tapes, were analyzed with regard to the

gies employed by subjects to find information in their notes. 

We divided information finding strategies into two main groups: “trust strategies” and “no-

strategies”. Trust strategies were employed when subjects applied categorizations durin

taking session and trusted their own categorizations in the retrieval session. We refer to 
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strategies also as categorization-based search strategies. We call other strategies used 

jects “no-trust strategies”. Trust strategies included all methods in which search was perf

using categorizations. No-trust strategies included flipping through pages, random jumpi

pages, or jumping to the main page.

Figure 26. State diagram of the search cycle

We measured the depth of search when using categories. The depth of search was defin

the number of different categories explored in the information finding process. Categorie

searched again after searching another category were counted twice. 

5. Note-taking habits

Answers to the short interview conducted after the first session were analyzed to gain ba

ground information on types of note-taking habits. For example, on the types of note reo

zation (e.g. rewriting, summarizing).

Variables used to denote dependent measures from the first four areas are grouped in Tab

the detailed experiment results please refer to the tables provided in Appendix F.
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[ depth of categorization-based search = 
number of category changes + 1 (for initial cat.) ]
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5.3  Independent measures

The results were analyzed with respect to two independent factors: 

1. COND - Interface condition (FFP, FFU, and FORM)

We analyzed the effects of interface condition making comparisons along two dimension

free-form versus form-based interface, and pre-defined, domain-based terminology versu

defined terminology.

2. EXPERIEN - Subjects’ engineering experience. 

We defined expert subjects as students who had additional engineering design experien

gained either by work in industry or while performing university research beyond the stan

design courses. Classifying subjects as experts and novices was based on the informatio

by subjects as a response to the interview questions (see Appendix D ). 

5.4  Dependent measures

We defined a range of dependent variables measuring different aspects of note-taking, not

turing and information retrieval from notes. Some of the measures were used in confirm

analyses to evaluate the testable hypotheses (e.g. CONT - Hypothesis 1b, TAGSEDEP - H

sis 3a and Hypothesis 3b, TRUSTR - Hypothesis 3c), other in exploratory analyses. Values

dependent measures were found in the process of data evaluation described in Section 5.2
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Table 5: Definitions of dependent measures

#a

a. Data evaluation areas (1- notes statistics, 2- note-taking session statistics, 3- Information retriev
session statistics, 4- Information retrieval statistics) as described in Section 5.2.

Measure Name Definition

1

PAGES Total number of pages with notes (i.e. excluding empty pages)

TOTTAGS Total number of labels or fields used.

SEPTAGS
Total number of separate labels or fields. In FFP and FFU it is equal to the number 
objects with at least one label attached; in FORM it is the number of fields used. (th
same as TOTTAGS for FFU and FORM and different only for FFP)

TAGSPAGE Number of labels or fields per page

MTAGPAGE
Main concept labels per page (in FORM it is the quotient of “typed” forms to all form
in FFU it is equal to TAGSPAGE). 

ATTR Number of attributes used (FFP and FORM only)

ATTRPAGE, 
ATTRMTAG

Number of attributes used, respectively, per page and per main concept (FFP and FO
only)

REL Number of relations used (FFP and FORM only)

RELPAGE, 
RELMTAG

Number of relations used, respectively, per page and per main concept (FFP and FO
only)

2

TTOTAL Total time taken to write and organize notes 

TNOTE
Time taken to write notes (in FORM it includes notes organization and is equal to 
TTOTAL)

TORG Time taken to organize notes (by definition equal to zero in FORM)

3

CONT Number of design meeting concepts covered in notes

STR
Number of categorized design meeting concepts covered in notes, that is concepts 
marked separately by using structuring elements (labels or fields)

4

TAGSEDEP
Depth of search using structuring elements (labels, form types or fields). It is calcula
as the number of different categories (terms) used during a search. 

TRUSTR
Number of “trust” strategies used. “Trust” strategies are information finding strategie
that employ categorizations, for example, search for labels.

NTRUSTR
Number of “no-trust” strategies used. “No-trust” strategies are information finding str
egies that do not employ categorizations, for example, flipping through pages.
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6. Quantitative Analysis of Results

We performed both qualitative and quantitative analyses of the experiment results. The qu

tive analysis and its results are described in this section. The qualitative analysis of our o

tions and interviews with subjects is presented along with discussion in Section 7..

6.1  Effect of three user interface conditions and subjects’ experience

Multivariate analysis was carried out using three user interface conditions and experience

factors with PAGES, CONT, STR, TOTTAGS, SEPTAGS, TAGSPAGE, MTAGPAGE, TTOTA

TAGSEDEP, TRUSTR and NTRUSTR as the dependent variables. The multivariate effect o

interface was significant, as assessed by Wilks' Lambda (F(10,16)=9.22, p<0.0001). The

variate effect of experience was also significant (F(5,8)=4.2, p<0.05). Separate univariate a

were then carried out to determine the source of these effects. User interface condition wa

to have significant univariate effects on: PAGES (F(2,12)=7.98, p<0.01), on CONT (F(2,12)=

p<0.05), and on SEPTAGS (F(2,12)=8.32, p<0.01). Experience was found to have sign

univariate effects on TRUSTR (F(2,12)=5, p<0.05). The effects of user interface and expe

are discussed in the two following sections (Section 6.1.1 and Section 6.1.2, respectively).

6.1.1  Effects of three user interface conditions

Hypothesis testing: Hypothesis 1b

Table 6 summarizes the means across the interface conditions for each of the statistically

cant dependent variables. As can be seen in Table 6 (also Figure 27), the level of CONT is

in condition FFP than in the other two conditions, and thus notes of subjects in FFP conditio
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vided the best coverage of concepts discussed in the design meeting. We can attribute this

more natural note-taking in a free-form interface. However, the level of CONT in the second

form condition (FFU) is lower than in FFP1, and not much higher than in FORM condition. Th

explanation may lie in the coincidental differences in note-taking habits between subjects 

and FFU conditions. This explanation is partially supported by the number of pages with 

Subjects in FFP condition created almost twice as many pages as subjects in FFU conditi

thus FFP subjects might have been more careful note-takers. We can also note that while 

in FFU condition created the smallest number of pages, the coverage of meeting concepts

notes was higher than in FORM condition notes. Thus, the efficiency2 of note-taking in free-form

conditions was higher than in FORM condition. These results confirm Hypothesis 1b3 and thus

Expectation 1c.

Table 6: Effect of the three interface conditions

Interface
condition

Number of 
pages

(PAGES)

Number of 
labels or fields
(SEPTAGS)

Concept 
coverage
(CONT)

FFP 11.14 22.67 93%

FFU 6.80 14.00 78%

FORM 17.71 40.00 73%

Mean 12.42 25.38 82%

1. It should be noted that in the free-form conditions CONT measures the contents of notes before the structu
applied, and, thus, terminology does not affect it. 

2. Efficiency is defined here as number of concepts covered divided by the number of pages created

3. Accepting a hypothesis means that an associated null hypothesis has been rejected.
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Figure 27. Coverage of meeting concepts in three interface conditions (CONT)

Figure 28. Number of pages (PAGES)
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Hypothesis testing: Hypothesis 1a

None of the considered independent factors (interface condition F<1.5 and subjects’ exp

F<1) had significant effect on the total time. Hence, we cannot state which interface was th

est to take notes. The higher level of TTOTAL in FFP condition might have been a result o

jects note-taking habits. Therefore, the null hypothesis corresponding to Hypothesis 1a ca

rejected on the basis of the experimental evidence.

Figure 29. Total time (TTOTAL)

Figure 30. Number of separate structural elements (SEPTAGS)
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Exploratory analysis:

We compared the total number of separate labels or fields (SEPTAGS) (Figure 30) with the

ber of structural elements in meeting coverage (STR) (Figure 31), denoting how many co

covered in notes were separately categorized. (The interface conditions did not have stat

significant effect on the latter.) We can see that the level of STR is similar in the FFP and F

conditions, while SEPTAGS in the FORM condition is about two times higher than in the

condition. In the FFU condition, both the level of STR and of SEPTAGS were lower than i

FFP condition. This indicates that the structure imposed on the notes taken using FORM in

was much more detailed. This structure was, perhaps, too detailed and contained many “u

sary” elements, since it did not increase the level of STR (see also discussion in Section 7.

Figure 31. Number of structural elements in meeting coverage (STR)
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6.1.2  Effect of subjects’ experience

Figure 32 summarizes the means across the levels of experience for TRUSTR. (for a des

of “trust” strategies see Section 5.2). 

Hypothesis testing: Hypothesis 3c

As can be seen in Figure 32, the level of TRUSTR is lower for novices than for experts.

expert subjects used categorizations in information retrieval more often than novices. Thi

cates a higher degree of trust in expert’s own information classification and a better unders

of terminology used for categorizations. These results confirm Hypothesis 3c and thus, i

Expectation 3b.

Figure 32. “Trust” strategies (TRUSTR)

The interface condition factor was not found to have a significant effect on TRUSTR, the m

across interface conditions are presented in Figure 33. 

"Trust" strategies and experience

81% 45%

65%

0%

25%

50%

75%

100%

Expert Novice

P
er

ce
nt

 o
f t

ot
al

 s
tr

at
eg

ie
s

Mean

p<0.05
Chapter 4: Experiment 61



Section 6.: Quantitative Analysis of Results

s user

erface

ether

TOT-

bles.

fect of

<0.01).

ts. Expe-

3.21,

n 6.1),

 The

 user

 was
Figure 33. “Trust” strategies across interface conditions (TRUSTR)

6.2  Effect of terminology and subjects’ experience

To assess the effect of pre-defined, domain-based, terminology (FFP and FORM) versu

defined terminology (FFU) a separate multivariate analysis was carried out using the int

conditions, in which the observations from FFP and FORM conditions were grouped tog

(COND), and using experience (EXPERIEN) as the factors with PAGES, CONT, STR, 

TAGS, SEPTAGS, TAGSPAGE, MTAGPAGE, TTOTAL, TAGSEDEP, as the dependent varia

The effect of user interface was similar as discussed in Section 6.1. The multivariate ef

experience was found to be significant, as assessed by Wilks’ Lambda (F(4,12)=10.8841, p

Separate univariate analyses were then carried out to determine the source of these effec

rience was found to have borderline significant univariate effects on TAGSEDEP (F(1,15)=

p<0.1). In the first analysis, in which all three interface conditions were separate (see Sectio

effect of experience on TAGSEDEP did not qualify as significant (F(2,12)=3.02, p>0.1).

effect of experience was thus most probably amplified by the effect of pre-defined and

defined terminologies. However, no significant effect of terminology type on TAGSEDEP

found.
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Hypothesis testing: Hypothesis 3b (indirectly again Expectation 2c)

Figure 34 shows the means across the levels of experience for the dependent variable TAG

As can be seen in Figure 34, the level of TAGSEDEP is higher for novices than for experts. 

subjects were able to find information using the categorizations quicker than novices. Thi

cates, similarly as in discussion of TRUSTR (see page 61), that experts better understand

minology used for categorizations and are thus able to efficiently apply categorizations

consistent manner. These results confirm Hypothesis 3b and, thus, in part, Expectation 3b.

interpret better usage of categories by experts during information retrieval to indicate their 

to better apply categories during structuring phase (Expectation 2c).

Figure 34. Label depth of search and experience (TAGSEDEP)

Hypothesis testing: Hypothesis 3a

Figure 35 shows the means across the terminology types for the dependent variable TAGS

No significant effect of terminology type was found on TAGSEDEP (F(1,15)=1.82, p>

Therefore, the null hypothesis corresponding to Hypothesis 3a cannot be rejected on the 

the experimental evidence.
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Figure 35. Label depth of search and terminology type (TAGSEDEP)

6.3  Effect of FFP versus FORM interface

Exploratory analysis:

Both the FFP and FORM interface conditions employed attributes and relations as add

structuring elements that were absent in FFU condition. A multivariate analysis carried out

the two interface conditions (FFP and FORM) as the factors with ATTR, ATTRPA

ATTRMTAG, REL, RELPAGE, RELTAG, as the dependent variables. The multivariate effe

the two user interface conditions was significant, as assessed by Wilks' Lambda (F(6,4)=

p<0.005). Separate univariate analyses were then carried out to determine the source 

effects. User interface condition was found to have significant univariate effects on: A

(F(1,9)=28.4, p<0.001), on ATTRPAGE (F(1,9)=22.56, p<0.05), and on ATTRMT

(F(1,9)=50.05, p<0.0005). No significant effect on relation variables was found. These effec

discussed in Section 7.4.5, and the results presented in Figure 38 and Figure 39.
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7. Qualitative Analysis of Results and Discussion

The discussion of qualitative experiment results is organized according to activities in note-

process: note-taking itself, post-organizing notes, and accessing notes. Due to their signi

issues concerning information categorization, during and after note-taking, are grouped to

and discussed in Section 7.4.

Figure 36. Organization of qualitative analysis section1

7.1  Note-taking

7.1.1  Sequential versus thematic note-taking

We can make a distinction between two different note-taking strategies: sequential and thematic.

In the sequential strategy notes are taken in a sequence according to the order of informat

sentation. In the thematic strategy notes are taken by topics. Thematic note-taking strategy

that notes are grouped according to topics during the note-taking process. EEN, our notebo

1. Text and symbology used in this figure is introduced in Chapter 2.
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gram used in the experiment (see Section 4.), allows for two styles of input, free-form input,

FFP and FFU user interface variants, and structured input, in the FORM user interface v

The first input style does not limit, or impose, any particular note-taking strategy, while the s

strongly favours thematic note-taking. 

We observed that the sequential note-taking is more natural than the thematic note-taking

experiment participants took their notes in a sequential manner. We observed this not only

two free-form conditions (12 out of 13 in the free-form conditions), but also in FORM condi

An exception in the free-form conditions was participant FFU3, who was flipping pages ba

add related information to the appropriate place in his notes. A number of FFP and FFU s

were opening a new page for a new topic. However, they did not go back to a previous pag

topic was already mentioned and, in effect, they were taking notes sequentially.

Many subjects in the FORM condition wrote notes on a form that just happened to be o

They did it quite often using “wrong” fields. This was especially the case with “less impor

information. (Perceiving information as “important” plays a significant role in note-taking be

iour - see Section 7.1.5 for discussion). Some subjects put many notes into one field on a f

contrast, others put notes related to the same topic on several forms. From analysis of FOR

jects’ notes, we found that subjects added more information only on 15% of pages, whilst a

on the remaining 85% pages were created sequentially. Although the FORM interface st

favours thematic note-taking, most of the subjects were not able to follow this strategy a

effect, took notes in a sequential manner not using properly the fields provided by the form

7.1.2  Marking notes

Marking notes with additional graphical signs was very common. We observed that 12 ou

subjects in the free-form condition used some type of graphical marks (arrows, lines, bra

the notes taken during the experiment. Some people developed their own language of not

ings. For example, subject FFP6 used special double arrows to mark high level bullet 

Graphical marks offered cues allowing for visual locating of important points and of related 
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mation, and support perception of the note structure. During our interview after the first e

ment session, subjects confirmed the use of special signs in their everyday notes.

FORM interface effectively prevented, or at least made it very difficult for subjects to use g

cal elements to mark their notes. Almost all FORM-condition subjects complained about 

limited by fields in a sense of space. In the FORM-condition only 3 out of 5 subjects used g

cal marks, usually only inside fields. Subject FORM1, who used some limited marks, notice

separated fields in forms prevented him from drawing lines among related items, inste

adopted a new note-taking strategy in which related information was put in the same order

consecutive fields within the same form. During the retrieval session he had to remind h

about the new strategy, it was not as obvious to him as his usage of graphical marks. 

FORM7 was the only one who marked notes crossing the field borders, for example, by c

notes outside of the borders. 

7.1.3  Breaking down notes layout

Layout of notes is used similarly to marks described in the previous section - it helps to v

perceive the structure of notes. For example, nine out of thirteen free-form condition subjec

indents in their notes. Form-style interface by definition breaks down the personal layout o

and enforces one of its own. This may be only a minor inconvenience gradually disappeari

result of becoming familiar with the new layout. In our experiment, however, several FORM

dition subjects complained about notes being “too much broken apart”, which led to cr

twice as many pages as in the free-form conditions. These observations were also confir

significant effects of interface conditions on number of pages and labels per page (see 

6.1). Furthermore, four out of seven FORM subjects stressed their preference for taking n

one page (for a short meeting like the one in the experiment), which would contain struct

notes in page layout. 
Chapter 4: Experiment 67



Section 7.: Qualitative Analysis of Results and Discussion

ment,

f five

 role of

 draw-

ORM

 when

iour.

es on

In the

d to an

re is of

colours.

ign. In

 the next

ed later,

rticulars

tailed

bjects

 to start
7.1.4  Drawings

Drawings play an important role in engineering design [Ullman et al. 1990]. In our experi

nine out of thirteen subjects in the free-form conditions made drawings, while only two out o

FORM subjects used them. After the second session, subject FORM5, admitted the helpful

terminology (see Section 7.4.7) stressing at the same time, that forms prevented him from

ing. Drawing, similarly as graphical marking (see Section 7.1.2), was made difficult by the F

interface.

Observations discussed in the above four sections point out the difficulties in note-taking

using FORM interface and confirm Expectation 1a.

7.1.5  Perspectives of receiving information

Qualifying received information as “important” plays a significant role in note-taking behav

From our observations and interviews with subjects we noticed four different perspectiv

importance of information: professional, individual-subjective, project, and task at hand. 

first, we observed a mechanical engineering student not taking any notes on parts relate

electrical subsystem (although all subjects were equally told that the whole product structu

their interest). In the second, we observed subjects taking less (or none at all) notes on 

They explained later that colours are, in their opinion, not an important feature of this des

the third, one subject took less detailed notes on open issues needed to be discussed at

meeting; this subjects took detailed notes on already decided design features. He explain

that the open issues should be discussed in detail at the next meeting, and that all the pa

given now are not important. In the fourth, we observed three subjects taking particularly de

notes on all design elements related to their tasks. 

Presentation of information additionally affects the subjective perception of importance. Su

expected that important information was stressed in presentation and used this type of cue

taking notes on new pages. 
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Similarly to deciding on information importance, subjects were judging how obvious a pie

information was. We observed, that rationale for requirements, parts, or parameters discu

the design meeting were recorded or not depending how obvious it appeared to be. For e

size of an adult finger, given as a rationale for the key size, was often not written down. 

interview after the second session, subjects explained that it was too obvious to them.

Subjects’ perspective influences also their interpretation of the terminology. For example, 

the subjects interpreted “requirement” not from the design project perspective, but from hi

perspective, understanding it as “actions required from me”. 

Due to subjective interpretation of information by subjects there was no one correct categor

of the design meeting concepts. Therefore in the evaluation of structure of covered concep

tion 5.2) in most cases we could only check if the concepts were marked separately, not

were marked using a correct term.

7.2  Organizing notes after note-taking

In Section 7.1.1 we stated that sequential note-taking was more natural for experiment su

On the other hand, after taking notes we observed that participant FFP6 moved notes b

pages by cut and paste trying to group related information on each page. Subject FORM7 

a summary in point form after his “regular” notes from the design meeting. From our intervie

can anticipate that more subjects would have undertaken similar actions had they bee

familiar with the EEN interface. This is further confirmed by rewriting practices mentioned in

interviews by nine out of twenty subjects. Subjects rewrite notes to regroup related inform

and to summarize notes. This indicates preference, at least by some subjects, for thematic

zation of notes for information retrieval. To accommodate this preference, a free-form vers

the EEN could support automatic regrouping of notes after their interactive structuring. How

process of rewriting notes serves also two other purposes. Three out of twenty subjects me

their strong preference for “neat” notes; one of them stressed that he rewrites “to clean

notes and make them look neater”. Other subjects noticed that the rewriting process help
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sort out the information and that they learn by doing it. Thus, the process of rewriting note

regrouping information is important by itself and cannot be simply replaced by an automate

cedure. Nevertheless, all the individual differences in note-taking habits indicate that of

automatic regrouping as an option would be useful to some people.

7.3  Accessing notes

7.3.1  Structure information embedded in layout

As already mentioned in Section 7.1.3 layout of notes contains information about their str

that is used to support finding information. Three out of seven subjects in the FORM-con

pointed out the role of their notes’ format. The format contains embedded structural inform

(see [Moran et al. 1995]) that is used to locate information during visual scanning of note

pre-defined form interface enforces its own structure. This was perceived by subjects as o

Two out of seven FORM condition subjects suggested user modifiable forms, with the poss

of designing own fields and using own terms.

In a short note-taking experiment we were not able to see how users adopt to fixed-form

using them for a longer time.

7.3.2  Event-based information

People remember events that take place in their environment. These events may later prov

tle cues facilitating access to information. Event-based information gives a powerful way of

plementing access to personal information (i.e. information that was once known to users a

may be associated with events from their personal lives) (see [Lamming et al. 1994]). Five

twenty subjects used event-based cues to find information in their notes. Changing the o

sequence of notes by regrouping them (as described in Section 7.2) destroys mapping b

notes and events. It is interesting to note, that, as reported by the subjects, four out of five s

who used event-based cues never rewrites their notes, while the other does it only occas

This observation confirms again a wide range of individual note-taking habits.
Chapter 4: Experiment 70



Section 7.: Qualitative Analysis of Results and Discussion

 at the

gori-

s dur-

note-

opriate

mpty

eleted

ulties

ontrib-

ural for

n 6.1),

was

ore a

bjects,

 notes.
The advantage of EEN is that it allows for both preserving the original order of notes, and,

same time, thematic regrouping of notes.

7.4  Categorizing information

7.4.1  Categorizing during note-taking

Categorizing during note-taking involves two kinds of difficulties. First, performing the cate

zation itself. Second, performing it while taking notes. We observed both of these difficultie

ing our experiment in FORM condition. The first type of difficulties appeared also after 

taking in FFP condition and we describe separately in the next section (Section 7.4.2).

We observed that all subjects in the FORM condition had problems with selecting an appr

form. This was additionally confirmed by the number of empty forms. On the average 2.8 e

forms (14% of all pages) were left in between the full forms. Some subjects immediately d

pages with empty forms, thus the number of empty forms was even higher. Further diffic

were caused by selecting appropriate fields within forms. Problems with categorizations c

uted additionally to the “wrong” use of forms as described in Section 7.1.1. 

Furthermore, four out of seven subjects complained about the unnecessary, and not nat

them, detailed categorization, and, as described earlier (Section 7.1.3 and also Sectio

expressed their preference for grouping notes on one page. 

A different way of minimizing categorization necessary during the note-taking activity 

implied by subject FORM1, who suggested preparing (defining and pre-filling) forms bef

planned activity (e.g. a meeting scheduled for a specific project).

7.4.2  Post-categorizing

In the FFP condition categorization was applied after note-taking, and we observed that su

in general, did not have problems with using the categorization mechanisms after taking the
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This observation, along with those discussed in the previous section (7.4.1), confirm Expe

2a.

However, categorization performance (in the sense of selecting a semantic label) was sti

lematic. Four out of seven subjects mentioned difficulty with choosing labels. These diffic

were often caused by the inability to differentiate the meanings of terms used for labels.

interview after the first session, even subjects who performed categorization very meticu

said that it was not natural for them, and that they “do not think in terms of rationale, part

parameters”.

In the FFU condition subjects created their own labels, and thus the difficulty in understa

and being able to differentiate terms used for labels did not exist. Furthermore, terms used 

jects were more specific and less abstract. Subjects used concrete terms three times as of

abstract ones1 (see Figure 37 and Section 7.4.4). Concrete terms were rarely reapplied (0.3

average reuse2 of concrete terms in FFU), while abstract ones more often (1.67). Thus the

selection problem was additionally alleviated by the term specificity - in most cases label

concrete terms did not have to be reused in the short design meeting (see also Section 7

cussing terminology reuse) used in the experiment.

These observations confirm Expectation 2b.

7.4.3  Categorization strategies adopted by subjects (FFP and FORM)

Subjects adopted several strategies to deal with categorization difficulties.

In the two conditions with domain-based terminology (FFP and FORM), five out of fourteen

jects dealt with difficulties in categorization by adopting one category as a “miscellaneous

tainer. For example, subject FFP5 adopted “requirement” and subject FFP6 adopted in suc

1. Usage of terms refers to definitions of user labels, not to their application in notes (see the next footnote).

2. Reuse refers to the number of repeated occurrences of a user-defined label in notes.
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“parameter”. The use of the special container was also apparent during the information f

session; when all other categories failed, these subjects checked their “miscellaneous” cate

a similar way, subjects FORM2 and FORM7 employed the “description” field in different fo

and subject FORM6 the “generic description” form.

Other subjects used gross categorization in which they applied one label to a group of not

avoiding detailed categorization. Furthermore, our observations and interviews indicate, tha

categorization may be sufficient for subjects in their current note-taking practices. Subject

for information in their notes by first locating a general topic and then visually scanning the

of notes for detailed information.

7.4.4  Abstract vs. concrete terminology

Terminology defined by subjects for their labels in the FFU condition tended to be concrete

than abstract. Subjects used concrete terms three times as often as abstract ones (see F

The same relationship between abstract and concrete terminology was observed in names

page titles.

Figure 37. Usage of concrete terminology in the FFU condition

User defined terminology => concrete 

89%71%
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100%
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For example, subjects used specific parameters (e.g. “key size”, “temp range”, “depth”), 

than classifying them as “parameter”. Similarly, subjects used “keypad”, “battery”, rather

calling them a “part”. (For the full list of user-defined terms see Appendix F, Table 22 and 

23.)

The preference for concrete terminology was confirmed by observations of information fi

strategies and during interviews with subjects. Subjects had most difficulties with abstract p

structure terms used in the FFP and FORM conditions (e.g. requirement, part, paramet

such problems were observed with project management items (e.g. action, meeting).

7.4.5  Attributes and relations (FFP and FORM)

Attributes and relations provide additional structure to recorded concepts.

Five out of seven subjects, in the FFP condition, used attributes. Their usage, however, w

sporadic - only 18% of the main concept labels had attributes attached to them, and the a

were used only on 25% of pages. On the other hand, all subjects in the FORM conditio

attributes - on the average one attribute per form. 

Figure 38. Attribute usage
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The average number of relations per main concept used in the FFP and FORM conditio

similar and around 0.5. However, when we compare the individual usage of relations in

experiment conditions, all “FORM” subjects employed relations, while only four out of s

FFP subjects did.

In the FFP interface, attributes and relations were attached to the main concepts by addin

sequent label to an object already labelled with a main concept. In the FORM interface, add

attribute or relation required filling out a field on a form.

Figure 39. Relation usage

In the FFP subjects used very few attributes because attaching them required additional 

while not giving sufficient advantages. On the contrary, the extra detailed categorization pro

by attributes was perceived by subjects as difficult and unnecessary (see Section 7.4.3).

example of subject FFP6, who only used attributes and no relations, in the second ses

observed, that subject was looking either for main concepts or for attributes, but not for both

single labelling of objects could be more appropriate for the subjects. 
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Relations were employed more frequently than attributes in the FFP condition. The add

effort needed to attach relations was possibly justified by the potential later usefulness of ad

ally provided functionality (active links between related objects). Nevertheless, five out of 

subjects in FFP condition complained about linking being too complicated and too “ha

grasp”. These subjects suggested one generic type of link instead of specialized semantic

Again, subjects seemed to like the potential usefulness of linking, but do not like the add

detailed categorization. Furthermore, one of the six subjects in FFU condition, which d

allow for linking, suggested linking labels as a possible feature.

From the four FFP subjects who applied links, only one (FFP2) made use of them duri

retrieval session. Additional explanation of the difficulties with using links can be found in

model of human information processing. FFP content with linked FFOs becomes an asso

network of concepts. The structure of human memory is associative, however, the proc

acquiring new information by humans from the environment is linear [Parsaye et al. 1993

thus acquiring associative (nonlinear) structures is difficult. On the other hand, the structure

FFP had been created by the same person who was using it to find information. One cou

argue, that this structure already exists in user’s memory, and that during retrieval no ef

acquiring new information appears. We don’t know, however, how much of the structure

retained in user’s memory.

The mechanism of adding attributes and relations in the FORM condition was easier. It d

require additional operations on the user interface, however, it still required performing 

detailed categorization.

Infrequent use of additional attribute and relation labels, observed in the FFP condition, 

explained both by the difficulty in using the mechanism, and by the difficulty in applying det

categorizations.
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7.4.6  Categorizing during information retrieval

Finding specific information in a notebook requires reapplying categorizations. We observe

subjects categorized information from questions differently than they initially categorize

content. In some cases subjects recognized this problem, and avoided categorizing ques

employing other methods of information access, for example, flipping through all page

divided information finding strategies into two main groups: “trust strategies” and “no-trust 

egies”. For a detailed discussion see page 63. 

7.4.7  Terminology as a reminder

Several subjects recognized positive role of the pre-defined terminology. For example, fou

jects (FFP7, FORM1, FORM4, FORM5) noticed that providing structure, in a sense o

defined categories, helped them to focus and to make sure that all required items are c

These subjects had less problems with terminology, which can explained by their professi

out of these 4) or research (1) experience. However, seeing the positive role of terminolog

not indicate yet, how to provide it. Subject FFP7 suggested free-form interface provided

titles corresponding to main concepts and displaying context-sensitive menus with further 

(attributes) for each main concept. 

All FORM subjects mentioned here still experienced the difficulties with thematic note-taki

forms. Hence, these observations do not necessarily suggest that forms are appropriate fo

ing terminology. To answer this question a long term study with professional engineering d

ers should be conducted. 

7.4.8  Reuse of terminology 

Abstract labels facilitate reuse of the terminology. We measured the reuse1 in FFU condition.

Abstract terms were reused more often than concrete terms. (Figure 40)

1. Reuse of terms was calculated as:

(number of term occurrences - number of different terms) / number of different terms
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Figure 40. Terminology reuse in FFU

Abstract labels can be often reused in marking notes, however abstract terminology is diffi

understand (see earlier discussion in Section 7.4.4). On the other hand, specific terms are 

understand for subjects, but require using more labels to mark notes, and, thus, with growin

ber of notes, it may become difficult to manage and to remember their usage. Similar patt

low user-defined keyword reuse were observed in other information indexing studies 

1995]. A combination of both, abstract and concrete terminology may offer a proper sol

Abstract terminology would be mostly pre-defined and used for lower level detail, while con

terminology would be user-defined and used for higher level terms (chapters, projects n

etc.). A similar approach was suggested by two subjects.
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8. Results Summary

8.1  Note-taking

We observed that form-based interface forced subjects to modify their note-taking habits,

free-form interface did not1. Notes were more complete in the free-form conditions than in

form condition. Furthermore, suggestions for flexible forms indicated a user preferenc

unconstraining interfaces, and thus point towards a free-form approach.

Users note-taking habits were idiosyncratic and we could not assess during our experim

what degree these habits are flexible, or how quickly users form new habits2. 

8.2  Structuring

Results from our experiment indicated that, to compare interfaces with regard to inform

structuring, we need to make a distinction between the information structuring mechanism

to separate elements of structure and the information categorization required by semantic s

ing.

Our observations confirmed, that, by virtue of delayed structuring, the free-form interface

easier to use than forms with fixed structure which forced users to break down notes durin

creation. 

While the structuring mechanism is a function of user interface, the terminology used for se

categorizations is independent of the user interface. We observed difficulties with categor

in both free-form and form-based interfaces.

1. Note-taking habits could be employed within limits of the implementation technology (e.g. screen size, sys
speed, separate pen-tablet and display).

2. This should be addressed in a future long term field study
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Subjects in those conditions employing domain-based terminology had problems with diffe

ating terms and with their use. These problems were not observed with subjects used th

terminology, which they were, obviously, familiar with. In addition, subjects’ terms tended 

concrete most of the time (71%). Concrete terms, because of their specificity, were rarely

plied again (0.33 - an average reuse of concrete terms in FFU), and thus subjects rarely ne

reconsider their meaning.

8.2.1  How much categorization is enough?

We observed many problems with detailed categorization. Subjects were not used to perf

detailed categorizations of their notes, since they employ other means of accessing notes

note-taking practice. For example, they use page layout and special marks to visually p

page structure; they use event memory to locate specific information. The combination of d

ate and, at the same time, complementary methods allow them to effectively find informa

the notes.

The form-based interface forced subjects to create more detailed structure than free-form

faces. Much of that structure was unnecessary, since it did not increase the number of

meeting concepts structured in the FORM condition.

We need to consider the purpose for providing structure and categories. Observations fr

experiment seem to indicate that providing structure to facilitate human information proce

requires quite different approach than providing it to facilitate machine information proces

Detailed categories may be good for machine information processing, however, they seem

very difficult to use by people, and thus not appropriate for facilitating human informa

retrieval from notes. 

We also need to consider the user task. In the context of taking notes from a design projec

ing, a small project (like the one used in our experiment) may require less categories than

one, and thus subjects were overwhelmed with the number of concepts provided for infor
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categorization. In some cases, this effect might have been compounded by their lack of 

ence. 

Furthermore, the difficulties with detailed categorization, and patterns of attribute and re

usage, indicate that one label per object is sufficient for users, and that general linking, rath

semantic, is more appropriate.

8.2.2  Expert use of terminology

Experts had less problems with terminology (both with applying it, as well as with using it d

information retrieval). Experts used categorization-based search (“trust” strategies) more

then novices, and were able to find information in a smaller number of categorization-based

In addition, a number of expert users noted a positive role of terminology as a reminder a

help in focusing the process (e.g. what should be covered in a design meeting under particu

ics). However, the current findings do not indicate which way of providing terminology wou

best.
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1. Summary

This work was motivated by problems with accessing engineering design information gener

the initial design stages and traditionally recorded in paper engineering notebooks. The fo

the thesis was on non-intrusive methods of semantic information structuring facilitating s

quent information access. 

An Electronic Engineering Notebook was designed and implemented. The EEN support

form interaction, and allows for semantic information structuring using terminology base

engineering ontologies. The EEN employs context sensitive labelling and linking in context

An experiment was conducted in which free-form and form-based interfaces were compare

respect to capturing and structuring notes from a design meeting. Furthermore, suitab

domain-based and user-defined terminologies for semantic structuring was tested. 

Results from the experiment confirmed that free-form interface was easier to use for note

than were forms with fixed structure. Furthermore, based on these results, an important dis

needs to be made between structuring mechanism and semantic categorizations required 

turing. While the structuring mechanism is a function of the user interface, the terminology

for categorization is independent of the user interface. Delaying structuring in free-form int

made that interface easier to use than forms. However, difficulties with applying semantic c

rizations were observed in both types of interfaces. Furthermore, the results indicate that te

ogy should be chosen appropriately to a task, and that experienced users have less proble

applying it. The experiment also demonstrated high diversity in note-taking styles thus high

ing the need to accommodate individual preferences in electronic notebooks. 
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2. Recommendations

2.1  Design of the EEN

EEN interface should be extended and made more flexible to accommodate individual diffe

in note-taking habits. For example, user preference for sequential note-taking and themati

nization of notes for information retrieval could be accommodated by supporting opt

regrouping of notes after their structuring.

Higher reuse of abstract terminology and problems with its usage, contrasted with potentia

culties in managing a growing number of concrete terms and ease of understanding thes

suggest that both terminology types should be combined in one interface; providing pre-d

domain-based terms, and allowing users to add their own terms. For example, abstract te

ogy could be pre-defined and used for lower level details, while concrete terminology cou

user-defined and used for higher level elements in the notebook structure (e.g. product 

projects names, etc.). Employing user-defined terminology for higher level elements woul

to limit their number and to make user terminology better manageable.

Considerations of terminology fitness for a task, indicate possibility of suppling a flexible s

terms selected according to user experience and to the type and size of a design project. 

The difficulties with detailed categorization, and patterns of attribute and relation usage, in

that one semantic label per object is sufficient for users, and that general linking, rathe

semantic, is more appropriate.
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2.2  Experimental methodology

2.2.1  Independent measures

Analyses of experiment results indicates that other independent factors may also need to 

sidered in note-taking studies. Engineering design experience was used by us as an inde

measure in this study. Information on the experience was self-reported by subjects. Since

ment participants were recruited from university students, our definition of experience

included relatively short periods of practical engineering experience and experience gained

academic environment. 

Furthermore, our observations, interviews and subjects’ notes analysis, indicated that other

may be more appropriate for consideration in addition to, or instead of, experience, or that t

inition of experience should be modified. Note-taking habits were idiosyncratic and ideally s

be taken into account as well. If subjects’ note-taking habits were known, we could better e

the differences in coverage of meeting concepts in notes. The difficulty lies in obtaining obj

measure of note-taking habits. In future, these could possibly be obtained by observing s

and analyzing the notes taken by them in the course of several note-taking sessions. Orga

abilities are especially important in structuring information, although these are also highly

syncratic and hard to measure. An important additional factor to consider might be the ab

applying organization skills in the context of engineering note-taking. Experience in taking 

of various types could also be considered. All of our subjects had experience in taking 

notes and most of them had experience in taking meeting notes, however, only a few had

experience in this activity.

2.2.2  Experiment conditions

In our experimental design, subjects were using different interface variants. In order to f

explore the role of terminology versus the role of structuring mechanism, the same subject

use different interfaces in the course of a long term study comprising of several note-takin

sions.
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2.2.3  Training session

The difficulties with using pre-defined terminology indicate the importance of providing trai

to users. For example, in future experiments a separate introductory session involving u

pre-defined terms in a test note-taking task could be conducted. 

3. Contributions

1. Design of an electronic engineering notebook

Novel features of the design included: using terminology based on engineering ontologie

semantic information structuring of engineer’s notes, context sensitive labelling, and linki

context.

2. Design of experimental methodology for note-taking studies

Contributions to the experimental methodology include: design of independent measure

examine note structuring mechanisms and terminologies used for semantic structuring. 

ing dependent measures to test different aspects of note-taking, note-structuring and inf

tion retrieval from notes. Design of a note-taking task and recording of a design meeting

video which provided identical information to all subjects.

3. Research results

The most important results are: higher efficiency of note-taking in free-form than in fixed-f

interface; dominant use of concrete terminology in user-defined labels; effect of experien

reapplying categorizations and on performing categorization-based search.

4. Recommendation for design of engineering electronic notebooks and for experimental m

ology 

Based on the findings from the experiment, improvements in the design of the EEN were

gested, along with changes to the experimental methodology.
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-taking
4. Directions for the Future Research

Our findings from the experiment should be used to revise the EEN’s design. The revise

should be used to conduct further studies. The studies should examine long term note

usage in a professional engineering environment. 

Some research questions raised in the course of this work:

• How much structure is sufficient and how does it depend on a task?

• What is the optimal way to provide terminology (terminology as a reminder)?

• How to best combine domain-based and user-defined terminology?
Chapter 5: Conclusions 87



l of 

o-

a-
-

y 
 

rob-
ce 

e-
8

l-
e 

 for 
v-

e 

 
ni-

ings 
References

[Baudin et.al. 1993] Baudin, C., Baya, V. et.al., “Using Device Models to Facilitate the Retrieva
Multimedia Design Information", Proceeding of IJCAI'93, 1993, 1237-1243

[Buckingham et al. 
1993]

Buckingham Shum, S., MacLean, A., Bellotti, V. M. E., & Hammond, N., 
“Learning to Use Argumentation-Based Design Rationale”, Working Paper 
Report Number TA/WP19, Amodeus-2 Project, December, 1993.

[Buckingham et al. 
1994]

Buckingham Shum, S. & Hammond, N. “Argumentation-Based Design Rati
nale: What Use at What Cost?”, International Journal of Human-Computer 
Studies, 1994, 40, 4, 603-652.

[Buckingham 1996] Buckingham Shum, S., “Analyzing the Usability of a Design Rationale Not
tion”, in Moran T,P. & Carroll, J.M. (eds.), Design Rationale: Concepts, Tech
niques, and Use (pp. 185-215), Lawrence Erlbaum Associates Publishers: 
Hillsdale, NJ, 1996.

[Conklin et al. 1988] Conklin, J. & Begeman, M. L. “gIBIS: A Hypertext Tool for Exploratory Polic
Discussion”, ACM Transactions on Office Information Systems, 1988, 6, 4,
303-331

[Crabtree et al. 1993] Crabtree, R.A., Baid, N.K., and Fox, M.S.  “An Analysis of Coordination P
lems in Design Engineering”, In Proceedings of the International Confer- en
on Engineering Design.  1993.

[Erickson 1996] Erickson Tom, "The design and long-term use of a personal electronic not
book: A reflective analysis", Proceedings of CHI'96, ACM Press, 1996, 11-1

[Fadel et al. 1994] Fadel, Fadi G., and Fox, M.S.," A Resource Ontology for Enterprise Mode
ling", Workshop on Enabling Technologies - Infrastructures for Collaborativ
Enterprises, West Virginia University, 1994

[Fox et al. 1996] Fox, M.S., Barbuceanu, M., and Gruninger, M., "An Organisation Ontology
Enterprise Modelling: Preliminary Concepts for Linking Structure and Beha
iour", Computers in Industry, Vol. 29, 1996, pp. 123-134

[Girgensohn et al. 
1995]

Girgensohn, A., Zimmermann, B., Lee, A., Burns, B., and Atwood, M. 
"Dynamic Forms: An Enhanced Interaction Abstraction Based on Forms." In 
Proceedings of INTERACT '95, 1995, pp. 362-367

[Gruninger et al. 
1994]

Gruninger, M., and Fox, M.S., "An Activity Ontology for Enterprise Model-
ling", Workshop on Enabling Technologies - Infrastructures for Collaborativ
Enterprises, West Virginia University, 1994

[Gwizdka et al. 1996] Gwizdka, J., Dalal, I., “Action Item Management System”, Internal Report,
Enterprise Intergration Laboratory, Department of Industrial Engineering, U
versity of Toronto, 1996

[Hong et al. 1995] Hong, J., et al.,  “Personal Electronic Notebook with Sharing”, in Proceed
of the Fourth WET ICEí95, IEEE Computer Society Press 1995, pp 88-94
References 88



ce: 
n-

 

ng 

 

ort 

ale”, 

3, 

97

ign 
t 

t 

and 
, 6, 
o-
ci-

h 
m-

on, 

 at 
 

[Kim et al. 1994] Kim, H., and Fox, M.S., "Formal Models of Quality and ISO 9000 Complian
An Information Systems Approach", American Quality Congress (AQC) Co
ference, American Society for Quality Control, Las Vegas NV, 1994

[Klein 1997] Klein, Mark, “C-DeSS: Capturing Geometry Rationale for Collaborative 
Design”, in Proceedings of WetIce’97, June’97, Cambdridge, MA, IEEE 1997,
pp 24, 28

[Lakin et al. 1989] Lakin F., et al, “The electronic design notebooks: performing and processi
medium”, The Visual Computer, Springer Verlag 1989, 5:214-226

[Lakin et al. 1992] Lakin, F. et.al. "Mapping Design Information", AAAI 92 Workshop on Design 
Rationale Capture and Use, June 21, 1992The Performing Graphics Company,
Palo Alto, CA, 1992

[Lamming et al. 1994] Lamming, M., and Flynn, M. "Forget-me-not" Intimate Computing in Supp
of Human Memory, Tech. Report EPC-1994-103, Rank Xerox, 1994.

[Lee 1991] Lee, J. ”Extending the Potts and Bruns Model for Recording Design Ration
Proceedings 13th International Conference on Software Engineering, Austin, 
Texas, 1991

[Lin et al. 1996] Lin, J., Fox, M.S., Bilgic, T.,"A Requirement Ontology for Engineering 
Design", in Concurrent Engineering: Research and Applications, Vol.4, No.
'96, 279-291

[Lin 1997] Lin, Jinxin., “A Product Ontology”, Internal Report, Enterprise Intergration 
Laboratory, Department of Industrial Engineering, University of Toronto, 19

[Louie 1995] Louie, J., “An Analysis of a Pen-based Tool for Acquiring Engineering Des
Information”, TRE-EIL-95-1, Enterprise Intergration Laboratory, Departmen
of Industrial Engineering, University of Toronto, 1995

[MacLean et al. 1989] MacLean, A., Young, R. M., & Moran, T. “Design Rationale: The Argumen
Behind the Artifact”, Proceedings of CHI'89: Human Factors in Computing 
Systems, 247-252. ACM: New York, 1989

[MacLean et al. 1991] MacLean, Allan., Young, R.M., Bellotti, V., Moran T., “Questions, Options, 
Criteria: Elements of Design Space Analysis”, Human-Computer Interaction
3 & 4, pp. 201-250, Reprinted in: Moran T., Carrol, J.M. (eds.), Design Rati
nale. Concepts, Techniques, and Use, pp. 53-105, Lawrence Erlbaum Asso
ates Publishers, 1996,

[MacLean et al. 1993] MacLean, Allan., Bellotti, V., Shum, S., “Developing the Design Space wit
Design Space Analysis”, in: Byerley, P.F., Barnard, P.J., & May, J. (eds) Co
puters, Communication and Usability: Design issues, research and methods for 
integrated services, pp. 197-219, North Holland Series in Telecommunicati
Elsevier: Amsterdam, 1993.

[MECE 1995] MECE/DICE: “Multimedia Engineering Collaborative Environment”, Project
Stanford CDR/Lockheed AI Lab/Enterprise Integration Technologies, Web:
http://www/hitchhiker.space.lockheed.com/pub/aic/dice/README.html
References 89



or 
gs 

es, 

ox 

John 

pp. 

r-
 
-

in 

Evo-

-

 
er-

r-

pp 

6 
[Moran et al. 1995] Moran, T.P., Chiu, P., van Melle, W., Kurtenbach, G., “Implicit Structures f
Pen-Based Systems Within a Freeform Interaction Paradigm”, in Proceedin
of the CHIí95, ACM 1995, pp. 234-240

[Moran et al. 1996] Moran, T. P. & Carroll, J. M. (Ed.). “Design Rationale: Concepts, Techniqu
and Use”, Hillsdale, NJ: Lawrence Erlbaum Associates, 1996

[Newman et al. 1991] Newman, S. & Marshall, C.,“Pushing Toulmin Too Far: Learning from an 
Argument Representation Scheme”, Technical Report Report Number, Xer
Palo Alto Research Center, 1991

[Parsaye et al. 1993] Parsaye, K., Chignell, M., “Intelligent Database Tools and Applications”, 
Wiley and Sons, Inc., 1993

[Rittel 1972] Rittel, H. W. J., “Second Generation Design Methods”, Interview in: Design 
Methods Group 5th Anniversary Report: DMG Occasional Paper, 1, 5-10. 
Reprinted in: Developments in Design Methodology, N. Cross (Ed.), 1984, 
317-327, J. Wiley & Sons: Chichester

[Schuler et al. 1990] Schuler, W. & Smith, J., “Author's Argumentation Assistant (AAA): A Hype
text-Based Authoring Tool for Argumentative Texts”, In A. Rizk, N. Streitz, &
J. AndrÈ, Hypertext: Concepts, Systems and Applications. Cambridge: Cam
bridge University Press, 1990..

[Schön 1983] Schön, Donald, A., “The Reflective Practitioner. How Professionals Think 
Action”, Basic Books, 1983

[Shum et al. 1993] Shum, S., MacLean, A., Forder, J., & Hammond, N. V. “Summarising the 
lution of Design Concepts Within a Design Rationale Framework”, Adjunct 
Proceedings InterCHI'93:  ACM/IFIP Conference on Human Factors in Com
puting Systems, 24-29 April, 1993, Amsterdam, 43-44. 

[Streitz et al. 1989] Streitz, N., Hanneman, J., & Thuering, M., “From Ideas and Arguments to
Hyperdocuments: Travelling Through Activity Spaces”, Proceedings of Hyp
text'89, 343-364. ACM: New York, 1989.

[Tham et al. 1994] Tham, D., Fox, M.S., and Gruninger, M., "A Cost Ontology for Enterprise 
Modelling", Workshop on Enabling Technologies Infrastructures for Collabora-
tive Enterprises, West Virginia University, 1994

[Toulmin 1958] Toulmin, S. (1958). “The Uses of Argument”, Cambridge: Cambridge Unive
sity Press

[Ullman et al. 1990] Ullman, D.G., Wood, S., Craig, D., “The Importance of Drawing in the 
Mechanical Design Process”, Computers & Graphics, Vol. 14, No.2, 1990, 
263-274

[Wellner 1993] Wellner P., “Interacting with Paper on the DigitalDesk”, Comm. ACM, Vol. 3
no. 7, July 1993, pp. 87-96
References 90



 

io 
[Ward 1995] Ward, Douglas, “Indexing Information for Knowledge Building in a Student
generated Database”, Ph.D. Dissertation, OISE, University of Toronto, 1995

[Wilcox et al. 1996] Wilcox, L., Chiu, P., et.al, "Dynomite: A dynamically organized ink and aud
notebook.”, Proceedings of CHI'96, ACM Press, 1996, 186-193
References 91



Appendix A

Structures in Electronic Notebooks
92



Appendix Section 1.: Levels of structured content in electronic notebooks

h four

 

s 
1. Levels of structured content in electronic notebooks

In the context of free form interaction interfaces for electronic notebooks we can distinguis
levels of structuring content (see Table 7 below).

In this thesis we are interested in the fourth level.

Table 7: Structure level in the context of free-form electronic notebooks

Level Type of structures and the role of system support

1 Free form object
Detection of lowest level objects. Automatic, based on time and 

position, and manual. 

2
Free form object with inter-
nal structure 

Emergent structures in lowest level objects. System “works with”

user guiding his perception, for example, by suggesting structure
emerging in sketches. 

3
Collection of  free form 
objects - no semantics

Structures implicit in arrangement of objects. System “learns” 
structures existing implicitly in collections of objects.

4
Collection of  free form 

objects with semantics

Free form objects have semantics attached to them. Relations 
between objects can be inferred by the system based on level 3 

structures.
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Figure 41. Hierarchy of concepts used in the design meeting with question numbers*
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Task description for an experiment subject

Your Task

You are a member of a design team. Your name is Joe. You have not attented the last desig
ing. However, the meeting has been video taped. You need to understand the design pro
was initially discussed and worked on during this meeting. You need to know what are the 
requirements, what parts were discussed, what are the components (parts), what are their 
ters (e.g. their size) and their values. You should make note whether any of the discussed e
or values were justified and what was the justification. You also need to know what actions
be taken next by you, that is by Joe. To do this you watch the video and take notes. Y
expected to write most of the time while watching the video and to take notes on all co
mentioned in the video. (If you need more time, you can pause or rewind the videotape 
time.) Later your notes will be serving you as a source of design information and you will re
them to find the information. 

Session 1

1. Explanation of your task.

2. Explanation of the user interface and a short practice.

3. Watching a video from the design meeting and taking notes.

4. Organizing and structuring notes. 

5. Short interview.

Session 2

1. Explanation of your task.

2. Finding information from the design meeting. You will use your notes taken in the first se

to find the appropriate information. You will be asked to talk outloud as your search your 

3. Short interview.
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Form filled out in step 4 of the first session by subjects in the FORM condition.

Requirement:

Part:

Parameter:

Rationale:

Issue:

Action:

Meeting:

Generic (Description):
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.
Questions for the second experiment session. Maximum possible score is given in brackets

1. What was the topic of the design meeting? (1)

2. What temperature range was to be controlled by the device? and why? (2)

3. What was the thermostat’s period of programming? Why was it was appropriate? (2)

4. How many power sources was the unit supposed to have? (2)

5. What were the dimensions of the device? (2)

6. Could the unit be mounted at a different height? (2)

7. Which materials were considerd to use for the case? What criteria were mentioned? (2)

8. How many main parts does the unit have? (2)

9. Why its depth was 2cm? (1)

10.What power supply’s parameter minimum value did they mention? (2)

11.What do you have to do for the next week? (2)

12.When is the next project meeting, related to this device, scheduled? (1)

13.What was the reason for the numerc keypad’s layout?  (1)

14.What color schemes and for which parts were discussed? (2)

15.Why the battery was to be used? (1)

16.What was the size of the keys? and why? (2)
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Appendix Section 1.: Interview after the first session
1. Interview after the first session

Note-taking habits:

1. Do you take notes? If yes, in what situations do you take notes? 

2. What type of notes do you take?

3. Do you organize your notes? If yes, how?

4. Do you rewrite your notes?

5. Do you mark your notes? If yes, how?

6. Do you go back to your notes? if yes, how far back and how often?

7. Do you have any other note-taking habits?

8. (Specific Questions based on observation of subject’s  behaviour and on debriefing)

9. What are your general impressions from using the system to take notes?

10.Would you like to add anything else?

Subject’s background and experience:

11.What program are you enrolled in? What year?

12.Do you have industrial engineering design experience? How many years?

13.Do you have research engineering design experience? What kind?
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ent,
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Video Tape Release Consent Form

Design Session Video Tape

I hereby agree that the video tape “Design Session” in which I acted will be viewed by subj
the experiment entitled “Design Note-taking Using Electronic Notebooks” that is being ca
out under the auspices of the Mechanical and Industrial Engineering Department at the Un
of Toronto by Jacek Gwizdka. The video will only be viewed by subjects during this experim
and cannot be used for any other purpose, unless I give explicit permission that it be used 
purpose.

I consent this release voluntarily and without any coercion.

Name: __________________________ 

Signed: _________________________

Date: ___________________________

Investigator: Jacek Gwizdka

Supervisor: Prof. Mark Fox
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Department of Mechanical and Industrial Engineering

Protocol for Permission to Carry out the Experiment Described Herein Using 
Human Subjects

Investigator: Jacek Gwizdka

Supervisor: Prof. Mark Fox

Purpose:

This document describes experiment to be conducted within the framework of Jacek Gwi
Masters research. The experiments will focus on comparing three computer interfaces: 
form interface with domain-based keywords, a free-from interface with user defined keyw
and a forms-based interface, with respect to design-related note-taking. The study will cons
note-taking part and a notes retrieval part.

Subjects:

The experiment will require 20 to 30 subjects. Subjects for the experiment will be drawn fro
undergraduate/graduate students from the Department of Mechanical and Industrial Engin

Before subjects agree to participate in the experiment, they will be given a description 
study. They will also be assured of the complete confidentiality of the data collected. Each s
willing to participate will be asked to sign a consent form (see attached) to participate 
experiment.

Subjects will each take part in two approximately one hour experiment sessions and will be
total of $20 for their participation.

Procedure:

The first experiment session will be preceded by a short training, the purpose of which will
explain the system interface and familiarize subjects with the terminology used. During the 
of the first session subjects will be asked to take notes while watching a video from a design
ing. They will be allowed to control the video and pause it for a reasonable amount of time
they wish. After the video ends subjects will be asked to review and organize their notes. 

The second session will be run after about one week. Subjects will be asked questions a
design meeting they watched in the first session and will be asked to find answers by perf
information retrieval from their previously taken notes. Subjects will be allowed to pause
reasonable amount of time between questions. We will register the number of correct answ
record the time and the actions that subjects performed to find the answers. At the end of 
ond session subjects will be asked questions in an interview style by the experimenter 
more insight into their subjective experience with the system. 
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Design session video tape:

The video tape used in the first session contains a design meeting during which requiremen
design of a simple user interface for a home appliance are presented, design with possible
tive solutions are discussed and justified, and actions to be performed by design team mem
outlined.

Risks and Benefits:

There are no expected risks to the subjects.

This research will provide useful information about the viability of free-form interaction style
use in electronic notebook interfaces in the context of capturing design information.

Information to be collected in the experiment:

Notes taken by subjects in the first session will be electronically collected by the experim
Answers to questions and time and actions taken to find them will be collected. Notes writ
experimenter on the search strategies employed and during interviews will also be collecte
sonal information (e.g., name, phone number or e-mail address) will be used for identificatio
contact purposes only.

Confidentiality of the collected data:

All subjects’ data will be identified by confidential codes. Information such as subjects’ nam
mail addresses and phone numbers will be kept separately from the subjects’ performan
and will not be used in any internal or external reports without the subjects’ explicit consen

Only summaries of the data will be presented in the thesis and no such summary will conta
which in any way identifies individual subjects.
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Subject Consent Form

Design Note-taking Using Electronic Notebooks.

I hereby agree to act as a subject in an experiment entitled “Design Note-taking Using Ele
Notebooks” that is being carried out under the auspices of the Mechanical and Industria
neering Department at the University of Toronto.

I have been given a full description of what I shall be required to do in this investigation.
aware that I may withdraw from the investigation at any time, and that I have the right to 
that case for any data collected about my performance to be given to me or destroyed.

I understand the experiment will consist of two sessions a week apart each lasting approx
one hour and I will be paid $20 ($10 per hour) for my participation. 

I consent to take part in this experiment voluntarily and without any coercion.

Name: __________________________

Signed: __________________________

Date: ____________________________

Investigator: Jacek Gwizdka

Supervisor: Prof. Mark Fox
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Receipt

I received twenty dollars ($20) for my participation in the experiment “Design Note-taking
Using Electronic Notebooks“. 

Name: __________________________

Signed: __________________________

Date: ____________________________

Investigator: Jacek Gwizdka

Supervisor: Prof. Mark Fox
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Table 10: Coverage of design meeting concepts measured by answers to questions
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Tab
le 11: T

im
e note-taking, organizing and total (m

inu
tes)

Time
Total

45
48
73
41
52
52
40

47
31
28
56
70
37

0 41
0 75
0 49
0 53
0 41
0 14
0 47

Total
6 47.00
9 50.14
3 44.83

45.71
Time
Cond # Time note-taking and watching video Time organizing

(min) (min)
FFP 1 30 15
FFP 2 19 29

FFP 3 36 37
FFP 4 31 10

FFP 5 24 28

FFP 6 23 29

FFP 7 25 15

FFU 1 30 17
FFU 2 18 13

FFU 3 12 16
FFU 4 35 21

FFU 5 40 30
FFU 6 18 19

FORM 1 41

FORM 2 75
FORM 3 49

FORM 4 53
FORM 5 41

FORM 6 14
FORM 7 47

Avg. Times 33.05 21.4
FFP 26.86 23.2
FFU 25.50 19.3
FORM 45.71 0.00



Table 12: Note-taking habits (interview after the first session)
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Table 13: M
ain

 rem
arks (deb

riefing after the first session)

king
kes links  betwFFP pgs

elations yes, but simple

asier linking

on-restricted linking

ne general link

elations hard to grasp

cusing on what's needed

main (constr. parts..)

main topics (projects)

taking

inking by pg# difficult - vis.

field to use difficult
Interview Main remarks after 1st session

Cond #

Suggestions Keywords  - labels Lin
FFP 1 prefers (he thinks) page titles to  keyw. keyw. useful to create links betwFFP objs li

FFP 2 put rough notes after writing into forms req,pat,param too abstract too many tags/subtags r

FFP 3 more general heading/subheading e

FFP 4 moving objs. around to create all part pg  Wants to link obj in his own way. E.g req and req, req and act. n

FFP 5 see all possible tags / links all the time difficult to choose keywords o

FFP 6 does not like adding page names after difficult to add keyw, prefers own diff. to differenciate keyw r

FFP 7 Multiple cols .for req/part/param with reminders appearing for ea.item.-also less pgs. likes tags, because facilitate fo

FFU 1 Keywords not easy.

FFU 2 Likes  keywords Preselected keywords from do

FFU 3 Prefers page names to keywords. Using page names to group.

FFU 4 For this mtg. would take one pg of notes Keyw good, but you can forget them Groupping detailed keyw under 

FFU 5

FFU 6 Global numbering of keyw. Keywords useful. 

FORM 1 Pre-set notes before meetings Flexibility to design own forms Main terms good, but fields too restricting Generally forms good for note-

FORM 2 Rather write all on one page Selecting forms very difficult Other fields even more diff.

FORM 3 Info in forms too much broken apart, prefers one pg. Customize forms incl. terms. Prefers specific pg titles to abstract terms Not sure how to categorize

FORM 4 Likes  fields and predef. Forms-> doesn't miss anything. Getting used to forms-time. Not enough time to categorize L

FORM 5 Normally, takes notes quickly -> changing forms, and deciding which form / 

FORM 6 One page better, no thinking where to put info. "Other" category page useful. Hard to decide which field.

FORM 7 Not easy to decide which form to use. For example, req. vs. param
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Table 14: M
ain observations from

 the first session

mis s ed.

 mem, not q.cor. 

ines  relations . 

 s ame pc.of info. 

ms  in general…

. T OC navig.

m ins tead of M eet. 

te time to s elect.

ate.
Observations from 1st session
Cond #

FFP 1

FFP 2 L ikes  to have his  pages  clean. Applies  tags /links  meticulous ly. 

FFP 3 Corrects  " bad"  handwriting. Would like to have the only pos s ible relations  added automatically.

FFP 4 L ikes  reas onably clean notes  (del.accidental lines ). 

FFP 5 R ewrites  firs t notes . S ometimes  deletes  and rewrites . 

FFP 6 R earranges  objects  on and betwF F P  pgs . After applying keywords , goes  through notes  again to check what have s he 

FFP 7 Us es  s ome tags  from a different pers pective (his  rather than project's ). 

FFU 1

FFU 2 Often continues  topic on the next page.

FFU 3 Goes  back to previous  pgs  to add more to a topic (one of a few..)  When new topic s tarts  a new pg. 

FFU 4 Wants  to move words  around. Not careful about s elections .

FFU 5 (E ng.)

FFU 6 At the beg. adds  3 keywds . L ikes  neat->del. accidental lines , cor.unreadable letters . Careful about s elections . Adds  from

(cont.) At the end opened T OC to check if more keyw neces s ary.

FORM 1 Clarifies  s ome meanings  (param). T OC to navigate while note-tak ing. P uts  multiple (s ub-) topics  in fields , order determ

FORM 2 Not s ure how to us e forms . P uts  everything in des cription. Often does n't know where to put info. M any pgs  contain the

FORM 3 L es s  important writes  wherever there's  s pot. S t. puts  unrealted info in one field. Important on s eparate forms . L ikes  for

FORM 4 S electiing forms  bigges t problem. Choice changes ! S ome problems  with cons is tant clas s ific.-ambiguity or pers .us age

FORM 5 (E ng.)  As ks : what for pg name if each form has  type? B ut does  page naming in handwriting. Corrects  notes . Des cr for

FORM 6 P uts  unrelated info in one field. Often us es  " des cr"  field only. Us ed gen." des cr"  form-didn't know which form or no was

FORM 7 (E ng.) Created s ummary in point form us ing 3 meeting forms  at the end (one req page in betwF F P ). Us ed T OC to navig

(cont.) why page names  if form types ? B ut perhaps  would create them when reorganizing….
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Table 15: Interview
 after the second session

ems .Name obj.yes

rchical s truct.

 R earrange keyw.

g it to event dur. mtg.

 diffic. for graphics .
Interview  after 2nd session
Cond #

FFP 1

FFP 2 T erminology appropriate for large proj, for s mall overkill. When writing does  not think in abs tract terms  of rationale, part, param, etc.

FFP 3

FFP 4 L ikes  the T OC. Next time would add more keywords , als o page title with more s pecific info.

FFP 5 S ug.s pecific s ection headings  & group by them: "power s upply" , under: reqs , parts ,. Would NOT  us e pg names ->1 pg can contain many it

FFP 6 Keywords  hard to us e. P os s ibility of adding own. F or example, " keypad" , "power s upply"  and then adding info like " part" , " action" ->hiera

FFP 7 Clas s ification problems  (was  us ing s b.els e's  notes ). F orms  good for experienced pers on, multiple cols . for les s  exp.

FFU 1 Keywords  unnatural. Normally would write keywords  during writing, and find info bas ed on vis ual s canning

FFU 2 P age titles  more imp. than keywords . Would have us ed keywords  better. P roblem with (his  own) overlapping ideas . 

FFU 3 F irs t us es  page titles , than keywords  if neces s ary. 

FFU 4 No need to rewrite notes  to org.-here can quickly add keyw.(& info) =s aves  time. Many proj.mtgs . s pecific keyw. group under main topic.

FFU 5

FFU 6 Would like to link keywords . Group rel. info by linking. P age names  general, keyw good for details .

FORM 1 Did not us e another meeting form for the s cheduled mtg. 'coz no " future date"  field. Us ed his  diagram as  " landmark"  in notes  correlatin

FORM 2 Difficult to categorize. F irs t writes  then clas s ifies  (if neces s ary for a bigger project, this  topic too s mall).

FORM 3 Now would us e page titles .

FORM 4 Would us e more pgs . Choos ing forms  bigges t problem. Now would clas s ify s ome info differently. E xp. helps . Would us e pg titles . F orms

FORM 5 F orms  helped more than expected. Us ually writes  on one page, forms  helped him organize info. In forms  finding info quicker.

FORM 6

FORM 7 Advatages  for him: s toring, editing, s ending notes .
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Table 16: E
xp

erim
en

t note-takin
g (analysis of subjects’ notes)
Experiment Note-taking
Cond # Dia- Non-s eq Obvious N.  import. Don't

gram pages % no notes no notes care

FFP 1 0 1 0  

FFP 2 0 1 0  

FFP 3 1 1  

FFP 4 1 1 0  

FFP 5 1 2 1

FFP 6 1

FFP 7 0 1

4

FFU 1 1 1 1

FFU 2 1

FFU 3 1

FFU 4 2 3 1

FFU 5 0  10

FFU 6 1 1 2  

6

FORM 1 1 2 0.15 3 1 4

FORM 2  

FORM 3 0 2 0.18 1 1

FORM 4 0 4 0.17

FORM 5 0 1 0.05

FORM 6  

FORM 7 1 3 0.18 4

2 2.4 0.15



Table 17: Information organization in notes (analysis of subjects’ notes)
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Table 18: Information retrieval strategies, part 1
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Table 19: Information retrieval strategies, part 2
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Table 20: Inform
ation retrieval strategies, part 3
Other strategies
Cond # Summary Sw itch 1st Event Visual pg. Land- Check pgs

pages pg to check sequence memory marking around

FFP 1  0   0

FFP 2  0   0

FFP 3  5   1

FFP 4  0   0

FFP 5

FFP 6  0   

FFP 7

FFU 1     

FFU 2     

FFU 3     

FFU 4

FFU 5

FFU 6  1 2   

FORM 1 2  2

FORM 2 1 1

FORM 3 2 1

FORM 4

FORM 5 1 0

FORM 6

FORM 7 3



Table 21: User label terminology usage, part 1

FFU Label Terminology Usage

Type Ocurrences Different Different terms Label reuse ratio Diff. abstract Diff. term s/

terms %  concepts abstr.conc.

abstract 32 12 29% 2.67 9 1.33
concrete 40 30 71% 1.33 6 5.00
Total 72 42 1.71 15 2.80

Unused 1.67
unused 6 0.33
Total diff. Unused 6

       Project management terminology    Product structure terminology
abstract concrete concr % abstract concrete concrete %

2 5 71% 2 20 91%

Different abstract concepts
Predefined conc e Diff. terms Ocurrence abstract concrete Total
requirement 1 13 1 1
part 7 9 2 5 7
parameter 15 19  15 15
rationale 1 5 1 1
issue 0 0 0
action 7 12 2 5 7
meeting 1 1 1 1
Other concepts     
constraint 1 1 1 1
cost 2 2 1 1 2
feature 3 4 3 3
function 3 5 2 1 3
note organization 1 1 1 1
Total: 42 72 12 30 42

�������������������������������������������������������������������������������������
�����������������������������������������������

���
���
��������������������������������������������
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Table 22: User label terminology usage, part 2

Labels Ocurrence Abstract concept
model unus ed 0
colours concrete 1 param eter
power concrete 1 part
functionalities abs tract 1 function
keypad concrete 1 part
date abs tract 1 m eeting
diagram unus ed 0
backlit concrete 1 feature
PART abs tract 3 part
type unus ed 0
material concrete 1 param eter
my task concrete 4 action
constr. abs tract 1 cons traint
review unus ed 0
del unus ed 0
start unus ed 0
temp concrete 1 param eter
device abs tract 1 part
temperature concrete 1 param eter
functions abs tract 3 function
dimensions concrete 3 param eter
introduction abs tract 1 note organization
key spacing concrete 2 feature
cost (LCD) concrete 1 cos t
colour concrete 2 param eter
battery concrete 1 part
material concrete 1 param eter
cost abs tract 1 cos t
scheduling abs tract 1 action
period concrete 1 param eter
layout concrete 1 feature
keypad concrete 1 part
key size concrete 1 param eter
colour concrete 1 param eter
dimension concrete 1 param eter
temp range concrete 2 param eter
climate control concrete 1 function
depth concrete 1 param eter
material concrete 1 param eter
due in 1 week concrete 1 action
due in 2 weeks concrete 1 action
backup battery concrete 1 part
joe's work concrete 2 action
require abs tract 13 requirem ent
job abs tract 1 action
dim concrete 1 param eter
joejob concrete 2 action
reason abs tract 5 rationale

Total: 72
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Table 23: User  page name terminology usage

U ser Page N ame U sage

FFU FORM FFP All
Total 6 12 0 18

Type Ocurrences Diff . abs trac t  Nam es /concepts
(=diff.te rm s ) % conce p ts

abs trac t 2 11% 3  0 .67
concrete 16 89% 6  2 .67
Tota l 18 9 2 .00

Project m anagem ent te rm inology Produc t s truc t. te rm inology
abs trac t conc re te abs /conc r abs trac t conc re te abs /con .

2 5 0 .40 0 9 0 .00

Diffe rent abstract concepts
Prede fined concepts Diff. term s  abs t ract concre te Total

requirement 0  0
part 5 5 5

parameter 4 4 4
rationale 0 0
issue 0 0
act ion 4 1 4 5

meeting 2 1 1 2
Othe r concepts   
cons traint 0 0
cos t 0 0

feature 0 0
func tion 1 1 1
note-org 2 1 1 2

Total: 18  3 16 19

Page  Nam es Concept abs t ract concre te to tal Labe ls use d on pa ge
Introduc tion abs tract note -o rg 1 introduc tion, temperature, dimens ions

My jobs concrete action  1 func tions , key  spac ing, cos t(LCD)

Keys concrete part 1 dimens ions , colour , key spac ing

Power concrete part 1 battery

Cas ing concrete part 1 material, colour

Meet ing abs tract m eeting 1 func tions , cost, scheduling

Type  of form
des ign meeting m issed concrete m eeting 1 m eeting

Dimens ions concrete param e ter 1 param e ter
pre-set concrete function 1 requirem ent
temp-range concrete param e ter 1 requirem ent

dimension2 concrete param e ter 1 param e ter

func tionkey concrete part 1 part
my tasks concrete action  1 is s ue
colour concrete param e ter 1 is s ue

lcd concrete part 1 part

me concrete action 1 action
them concrete action 1 action
Rat.1 concrete note -o rg  1  ra tiona le

Tota l  2 16 18  
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