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Abstract

Abstract

This research aims to understand the role images currently play within the
design process, in order to develop a classification of image types and reference
keywords to construct an electronic image database for professional use in

product design.

Images play an important role in the design process, both in defining the
context for designs and in informing the creation of individual design. They are
also used to communicate with clients, to understand consumers, to assist in
expressing the themes of the project, to understand the related environments,
or to search for inspiration or functional solutions. Designers usually have their
own collections of images, however for each project they still spend a significant
amount of time searching images, either looking within their own collection or
searching for new images. This study is based on the assumption that there is a
structure that can show the relationship between the image itself and the
information it conveys and can be used to develop the database. A product-
image database will enable designers to consult images more easily and this will
also facilitate communication of visual ideas among designers or between
designers and their clients, thus augmenting its potential value in the
professional design process. Also, the value of an image may be enhanced by
applying its linguistic associations through descriptions and keywords which

identify and interpret its content.

Through a series of interviews, workshops, and understanding relevant issues,
such as design method, linguistic theory, perception psychology and so on, a
prototype database system was developed. It was developed based on three
information divisions: SPECIFICATION, CHARACTERISTIC, and EMOTION.
The three divisions construct a model of the information which an image

conveys.

The database prototype was tested and evaluated by groups of students and
professional designers. The results showed that users understand the concept
and working of the database and appreciated its value. They also indicated that
the CHARACTERISTIC division was most valuable as it allows users to record

images through their recollection of feelings.
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Glossary

This glossary is specialised to this research and the first use of the term

in the research is referenced.

2,

10.

Category (p.38)

A general concept that marks divisions or coordinations in a
conceptual scheme; in this research the function of image database
was based on structured categories.

CHARACTERISTIC division (p.97)

One of information divisions defined within this research. It is about
the subjective, conceptual information of images.

Closed question (p.87)

‘Closed’ questions structure the answers by allowing only answers
which fit into categories that have been established in advance by
the research

Conceptual/tangible information (p. 97)

The interpretation of the information within an image such as colour
and material for tangible information and characteristic and value
for conceptual information.

Descriptive words (p. 4)
Words that are used to describe image, objects, events, etc.,

generally they are adjectives.

EMOTION division (p.97)
One of information divisions defined within this research. It

provides users with a record of their emotional reactions to images.
Front-end phase (p.4)

Refers to the Conceptual Design phase in the product design process.
Image database (p.3)

A searchable database of images.

Innovation design (p.7)

Innovation design develops tangible visions and possible short- and
long-term concepts and scenarios, supported by technology
roadmaps, to generate innovative design and new value propositions.
Knowing-in-action (p.80)

Knowing-in-action is tacit knowledge which enables us to execute
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11.

12,

13.

14.

15.

16.

17.

18.

19.

20

21'

22.

tasks fairly automatically.

Members/exemplars (p.38)

Single entities that belong to a category and are called exemplars or
members of the category.

Open-end question (p.87)

‘Open-end’ questions are those in which the question itself is
standardised but the response is freely worded;

Perception (p.7)

The process of acquiring, interpreting, selecting, and organizing
sensory information.

Product Semantics (p.4)

The study of meaning in products.

Prototype theory (p.39)

The theory that the meanings of words or concepts is organised in
the mind by a system of family resemblances.

Qualitative research (p.84)

Any kind of research that produces findings not arrived at by
statistical procedures or quantification.

Quantitative research (p.84)

The research that examines phenomenon through the numerical
representation of observations and statistical analysis.
Reflection-in-action (p.80)

Reflecting-in-action is an intuitive, unexpected response during
knowing-in-action (work).

Semantics (p.35)

The study of meaning in language.

SPECIFICATION division (p.97)

One of information divisions defined within this research. Its
content is about the product’s physical properties and tangible
context.

Visual language (p.7)

The idea that communication occurs through visual symbols, as
opposed to verbal symbols, or words.

Workshop (p.5)

A set of activities designed to promote feedback about a topic.




Chapter 1 Introduction

Chapter 1
Introduction

1.1
Research background

Since the Industrial Revolution and the emergence of mass production,
industrial design® has gradually evolved, alongside marketing strategies
developed from the placing of products in the marketplace to the

successful generation of sales.

In the course of the 1920’s and 1930’s products crafted for mass
production were becoming accessible and for the first time affordable to
the average consumer (Kunstsenter 1991). What is known today as
Industrial Design was started by designers who had the scope to
embellish, or ‘style’, products. During the 1930’s and 1940’s, the impact
of industrial design increased thanks to the development of new
materials, such as aluminium and a variety of never-before-seen plastics.
At that time industrial design focussed on functionality, aesthetic
simplicity and affordability. With the digital treatment of information
came a new and fundamental shift in the production and distribution of
products. Nowadays products are produced not only just to be accepted
by consumers, but more importantly to increase consumers’ quality of
life. As Esslinger, founder of Frog, said, “We believe consumers don'’t just
buy a product, they buy value in the form of entertainment, experience

and self-identity (Sweet 1999, p.9).”

Sweet (1999, p.14) stated that “Aesthetics are only part of our job, the
integrated process allows us to look at products, brands or companies as
a whole.” Sweet’s statements show design is now concerned with the
making of objects or artefacts that people want, consistent with patterns
of value. Certainly it is obvious that design involves a thinking process
and activities, such as information research, concept generation,

sketching, etc. Indeed, one of the main jobs of today’s designers is to

1 Recently, industrial design is more commonly referred to as product design.
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bring the value of technology into consumers’ everyday lives. Therefore
designers have to understand the user’s actions and reactions to
everyday life. Using imagery to understand daily life experiences,
designers can cater for the needs and wants of different consumer
groups with diverse lifestyles. As a result, designers need a greater
stimulus to enhance their thinking processes and activities, because
nowadays consumer products, it seems, such as furniture, tableware and
electronic products are produced in a similar way to fashion, they change
every season. The role of product ‘branding’ has also become an essential
marketing tool and one which designers must visually incorporate into

their design solutions.

The urge of inspiration has led designers to use and depend on more and
more images. As images are easy to access they can bring more reality to

visual ideas to inspire designers imaginations.

l. 2
Rationale for research

Within the design process there are a number of factors that could affect
a design outcome. However, the end product does not just depend on a
good design process model. It is also influenced by a designer’s
capability and his having the right design tools - theory, methods and
processes as well as experience and knowledge of the industry. A
designer’s knowledge is generated and accumulated through action
(Narvaez 2000). Designers use knowledge to create and evaluate their

work; this serves as a continuous aid, helping them to build on their

existing knowledge.

According to Dahl and Chattopadhyay (2001), designers use memory-
based visual images as the main source of ideas. Visualisation is an
essential tool in the design process, providing a means of exploring basic
problems, and potential solutions. Vihma (1995) stated that design
proposals often use other designs as a reference through the
resemblance of forms in spite of differences in materials, construction

and aesthetics. Such a metaphorical method can connect two similar
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forms which differ in other respects (Vihma 1995). Therefore, it is to be
expected that using a categorised image database could enhance the

memory-based visual ability of a design professional.

Even in the early days of industrial design history, Austen (1978) argued
that within a library to support the design process there might be books,
periodicals and comprehensive coverage of information on existing
products, and also a large collection of product samples and an extensive
referral service to sources of expertise in industry and research
organisations. According to Formosa (1991), an insufficient flow of
information leads to inadequately designed products and he believes that
information could enhance the design process; in the proper
environment it will feed creativity. Designers frequently search for and
use information to help them to construct new knowledge related to the
design topic, simultaneously searching for new information that will help
to determine design constraints and produce a satisfactory design. (Lahti
et al. 2000)

There have been several investigations (Hsiao and Chen 1998 and Hsiao
and Wang 1998) into the method of gathering appropriate resources for
designers in order to improve creativity and the design solution. Most
research focuses on providing designers with information about human
factors. Design today is being recognised as a critical factor within
industry and the marketplace. Within the design process more
information is needed than just ergonomics. Therefore, a product
database based on today’s computer technology can give designers more
information easily and quickly. Most existing databases for product
design have been defined by product type, as in the Design Index!.
However, it is argued here that consideration should be given to the
classification on other functional bases, such as controls, colour,

material, shape, texture.

1Product indexing

For a number of years the Design Council maintained the Design Index, a record of some
7,000 ‘well designed’ British consumer goods. (Austen 1978) The Design Council Archive
moved to the Design History Research Centre at the University of Brighton in 1994, and
comprises a photographic record of selected products, together with their specifications,
costs, and the name of the designer and manufacturer. (See chapter 2.3.2.1, p.54)
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Designers primarily use visual material within the front-end phase
(concept generation), but it is also used throughout the whole design
process. This enables them to achieve the information and stimulus for
the creativity they require. For many designers, they search for images
through the use of books, magazines, journals, and the Internet etc. The
new information technologies enable methods by which to search for
information using keywords. As shown in ‘Design for ease of use:
Product semantics and Design Education’ (Huang 1996), there was a
significant positive result when using product semantics to assist in the
design process. This research resulted in 14 keywords to describe
products. Although those keywords were mostly concerned with
products functions, such as handles and buttons, this is a precedent for

developing a database with descriptive keywords for images.

According to Baxter (1995), before the design process was put into
practice, images were taken as a designers’ approach to explore the
concept. Mono (1997) commented that a designer should aim at
understanding product language better in order to be able to improve his
design. If that were the case, then images based on classifications by

product language would provide designers with more inspiration.

This research proposes to provide the designer with an appropriate

resource — an image database with a clear keyword system and simple

usability.

1.3
Aim of research

Due to technological improvement and the changing social environment,
product design is not just about providing a client/user with a product. It
is often more important for designers to create new values for existing
products. Images play an important role in the design process, in

defining the context for design and informing the creation of individual

designs (Eckert and Stacey 2000).

The aim of this study is to develop a collection of key descriptive words
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and construct a prototype electronic image database for product
designers’ professional use. This study is based on the assumption that a
keyword structure can show the relationship between the image itself
and the information it conveyed and can be used to develop the database.
The study therefore addresses understanding of:

1). The reasons designers use images in the design process;

2). How they store and access images;

3). The words they use in describing visual features in the images;

4). The way images are used in communication.

1.4
Structure of thesis

This thesis is organised under the following structure: research context
and methods (Chapters 1-3), results and findings of the fieldworks
(Chapters 4-5), database system developments and evaluations (Chapter
6-7) and conclusions (Chapter 8).

Chapter 1 Introduction

Research background and the aim of the thesis are given in this chapter.
Chapter 2 Literature review

This chapter provides a historical review of product design process,
design methods and basic understanding of language and image
management. It includes also a survey of current image databases.
Chapter 3 Research methodology

This chapter describes research structure, research methods and the
methodology used throughout this research.

Chapter 4 Interviews and workshop

The settings, procedures and the results of interviews and the workshop
are given in this chapter.

Chapter 5 Classifications

This chapter describes the application of analysis from Chapter 4 to
develop an image information model and classify descriptive keywords.
Chapter 6 Image database development

This chapter describes the development process of the image database

and its usages.
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Chapter 7 Image database evaluation and discussion

System evaluation procedures and results are given in this chapter.
Chapter 8 Review and conclusions

This chapter reviews and summarises the major findings of the current

research. Studies for future work are suggested and discussed.
Chapter 9 Critical context of the research

1.5
Publications

On the basis of the studies stated in this thesis, the author has published

three conference papers, as listed below. (See Appendix G)

1. Wu, C. and Johnston, M., (2003) ‘Investigating and classifying
visual references used in product design’, Proceedings of the 6th
Asian Design International Conference, Tsukuba, Japan, published

in CD format.

2.  Wu, C. and Johnston, M., (2004) ‘The development of a visual
reference database for product designers’ use’, Proceedings of the
4th International Conference on Design and Emotion, Ankara,

Turkey, published in CD format.

3. Wy, C. and Johnston, M., (2005) ‘The use of images and descriptive
words in the development of an image database for product
designers’, Proceedings of the 1st International Conference on

Design and semantics of form and movement, Newcastle, UK,

pp59-69.
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Chapter 2
Literature review

The aim of this research is to understand the role images play within the
design process, and the language used by product design professionals in
describing images, in order to establish an image database which will
enable them to access images more easily. Therefore this research
involves the following three domains: product design, language and
image, as illustrated in Figure 2.0-01. The “overlapping set” of the three

domains represents the area of current research.

Research target

nication/Language

Figure 2.0-01: Research target of current study.

The literature review places emphasis on these three areas but also
investigates some other disciplines (product semantics, interactive

design, perception psychology) which support the research.

Product design (Section 2.1, p.9)

This section focuses on relevant areas of product design: product design
process, innovation design, design methods, design emotion and product
context. The study is used to establish an understanding of the role

which images play within the design process.

Language (Section 2.2, p.35)
This section basically focuses on design languages, e.g. visual language

and product semantics. Linguistics is also reviewed in order that it may
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assist in classifying descriptive keywords. Finally, design communication
is discussed with a view to analysing the designer’s means of

communication within the design process.

Images (Section 2.3, p.51)
This section provides an overview of the need for using images, image

data management and an image database survey in design-relevant areas.

Database and interaction design (Section 2.4, p.69)
This section describes the process of developing a database, the

principles of web-based interface design, and methods of evaluating

applications.

Perception and thinking in action (Section 2.5, p.77)
This section focuses on understanding the basics of psychology of
perception in order to assist in analysing fieldwork results and how

designers knowledge reflect in their action.
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2.1
Product Design

This section presents product design literature topics which were
selected to support the research. Section 2.1.1 looks at the product design
process in order to appreciate the detail of design activities. Section 2.1.2
investigates the relevant design methods based on the use of images.
‘Innovation design’ is also introduced in Section 2.1.3 because it has
gradually become a division of product design. It is important to
understand this new design sector and its idea generation methods.
‘Design emotion’ is included in Section 2.1.4 because it was one of the
topics which arose from the survey (see Chapter 4, p.100). Section 2.1.5
reviews product context in order to understand the information

conveyed through products.

2.1.1 Product design process

In 1963 Alexander defined design as ‘finding the right physical
components of physical structure’, and in 1966 Farr suggested that
‘design is the conditioning factor for those parts of the product which
come into contact with people’ (quoted in Jones 1992, p.3).” In 1995,
Eekels and Rooxenburg (1995, p.3) wrote that ‘product design is the
process of devising and laying down the plans that are needed for the
manufacturing of a product.” Then, in 2002, Bruce and Bessant (p.19)
stated that ‘design is not only a process linked with production but also a
powerful means of conveying persuasive ideas, attitudes and values.’
These statements demonstrate that the purpose of product design has
changed; it has developed from making a product to fit people’s needs to

adding value to a product for the benefit of corporations and users.

However, to understand, or to be involved in a profession it is initially
important to comprehend the inherent procedures. As Twiss suggests
(quoted in Hollins and Hollins 1991, p.15), design decisions will be better
if designers understand the processes of work within a ‘conceptual

framework’. This conceptual framework is called a design process model.
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Models of the product design process have been developed since the
early 1960s, progressively offering systematic procedures that make the
design process clearer and more effective. Academics have spent a great
deal of time discussing and disagreeing about the various stages that are
followed in design activity. Models can be found in many different
versions. This section addresses five characteristic examples, from a
“market-to-production” design process model to Jones' (1992) “three-

stage” process. They represent the most complex model to the simplest

model.

The first model is an overall process from market to production. Its
design code is: market, specification, concept design, detail design,
manufacture and sell. The second model has a similar process to the
first model. It proceeds from the product idea to disposal of the product,
but it has a separate phase for design. The only difference between these
two models is the terminology used. In addition, they are more like a
product development process. The third and fourth models focus more
on design activities. Again, the main difference between these models is
the terminology used. The final model is by Jones and it summarizes the
design process simply into three stages. The first two models have been
recognized by standard associations and the second two have been
practiced by the design teams of Motorola and Philips.

2.1.1.1 Pugh’s design activity model

The design model shown in Figure 2.1-01 is a later version of one which
has been developed by Pugh since 1976. It has been adopted by an
increasing number of bodies (e.g. The Institution of Production
Engineers’ A Guide to the Management of Design, 1989). This model
envelops the whole system of artefact production—from the market (the
initial need) to selling to the customer, and includes the manufacturing
function. It provides the framework to which the designed product must

relate, and demonstrates the design process for almost all products

(Hollins and Pugh 1990).

10
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Technology

Technigue

[ MATERIALS MARKET ANALYSIS ]
Elements of Specification
Specification Formulation
[ .CONTROL SYNTHESIS |
Conceptual Design
Equates 1o Spec.
r““
| MECHANISMS DECISION MAKING }
Detail Design
Equates to Spec.

{ HYDRAULIC DEVICES STRESS ANALYSIS |

[ ELECTRONIC DEVICES COSTING ]
Design completely
in balance with
specification

{ SPECIFIC ENGINEERING NEG. MANUFACTURE |

Figure 2.1-01:Product Design Activity Model.
Source: Hollins and Pugh 1990, p.51

2.1.1.2 British standard model

The design process model, as shown in Figure 2.1-02, is included in the
1989 British Standard A Guide to Managing Product Design-BS 7000. It
takes the process from concept, through production, to product disposal;
design is separate, being only part of the process. Within the design
phase, there are four procedures: conceptual design, embodiment design,

detail design and design for manufacture.

11
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Figure 2.1-02. This model is included in the British Standard A Guide to Managing
Product Design-BS 7000

Source: Hollins and Hollins 1991, pp.17-18

This model and Pugh’s design activity model are more like product
development process models. Wright (1998) explained that product
development is the period between investigation into a new product and
launching the product onto the market. The product development
process includes the costly activities of market research, technological
research, design, prototype testing, and preparation for manufacture, as
the two models show. Although designers’ actions are only involved in
part of these models, they are closely related to other professional tasks
e.g. engineering design. Design actions are given clearly defined roles in

Eppinger and Ulrich’s process (Section 2.1.1.3, p.12) and Phillips’s

process (Section 2.1.1.4, p.13).

2.1.1.3 Eppinger and Ulrich’s process

Eppinger and Ulrich (1995) have given us a more understandable
abstract; that within the design process the input to the process is a
mission statement and the output of the process is the product launch.
The mission statement identifies the target market for the product, the

functional description of the product, etc., in order to identify customer

12
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needs. It is made up of the following phases, which have been practised

by Motorola:

1. Investigation of customer needs
Conceptualisation
Preliminary refinement

Further refinement and final concept selection

Control drawing

S L W

Coordination with engineering, manufacturing, and vendors

(Eppinger and Ulrich 1995)

2.1.1.4 The Philips Design Track

Heskett (1989) introduced the Philips Design Track (see Figure 2.1-03)
which was established by Knut Yran, director of Concern Industrial
Design Centre (Philips industrial design centre), and used by Philips
design teams. It begins with briefing the product characteristics and
specifications (BRIEFING), then proceeds through information research
(CREATING), sketches and renderings (DESIGNING), model work and
modifications (PRESENTING), to delivery and testing (DRAWING).

1 2 3 4 ]

s FESE AR SKETCHES MODE LWORK DECEUONS APPEARANCE CON'
FEGULATIONS IRFORMATION RENDERINGS PRE-BELECTION CONTROLS SALES REPORTS i
BRIEFING » CREATING ) DESIGN ) PRESENTING )DRAWING) « -1
CHARACTERISTCS STUOIES DIALOGUES PREFERENCES DELIVERY OCUMENTATION
SPECIFICATIONS LArOUTS PHECALCULATIONS MOCIFICATIONS TESTINGS g(m‘m(;“

Figure 2.1-03: The Philips Design Track.
Source: Heskett 1989, p.25

Yran suggested that design is really problem-solving, and that the
definition of the design problem is half of the design work (Heskett
1989). He also emphasised that a formal written brief is important

because the brief affects the successive stages in the process.

2.1.1.5 The three-stage process

The simplest design process model, with which many writers agree, is
designing as a three-stage process (Jones 1992): analysis, synthesis

and evaluation. Analysis involves the breaking up of the problem into

13
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pieces, synthesis is the putting together of the pieces in a new way, and
evaluation equates to testing to discover the consequences of putting the
new arrangement into practice (Jones 1992). The design process models
addressed before could all be condensed into the three-stage process.
Because design activities have been influenced by social and
environmental changes (e.g. economic, technology) the considerations of
design are much more complicated. Therefore, the three-stage process
could cover the entire design process, and could also be applied within
each stage of the design model. Each stage would cover all the
procedures of analysis, synthesis, and evaluation. For example, Eppinger

and Ulrich’s process can be presented with three-stage process as Figure

2.1-04.

1.
Investigation
of customer needs

Analysis \

Synthesis

Evaluation<—-—/

Analysis \

Synthesis

Evaluation<-—/

Analysis \

E—

2.
Conceptualisation

3.
Preliminary refinement

Synthesis
Evaluationq——/
Analysis
4.
Further refinement and \
final concept selection Synthesis

Eva]uation<-—/

5.
Control drawing

~——Eppinger and Ulrich's process—

6.
Coordination with
engineering,
manufacturing, and vendors

Figure 2.1-04: Three-stage process within the design process
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2.1.1.6 Summary

To sum up, the design process could generally be divided into three

phases: conceptual design, embodiment design and detail design.

(Baxter 1995, Eekels and Roozenburg 1995, and Eppinger and Ulrich
1995)

a).

b).

Conceptual Design
The conceptual design phase starts with identifying the needs of the
target market and determining the overall function and important
sub-functions that are to be fulfilled. Next, alternative product
concepts are generated and evaluated, and a single concept is
selected for a suitable point of departure for embodiment design and
detail design. A concept is a description of the form, function, and
features of a product, and is usually accompanied by a set of
specifications, analysis of competitive products, and an economic

justification of the project.

Conceptual design and concept development are commonly the
initial and critical stages of the design process. Decisions on a design
brief made here will bear strongly upon all subsequent phases of the
design process. This may include some of following information
(Eppinger and Ulrich 1995):

. Brief description of the product

. Key business goals

. Target market(s) for the product

L 4

Assumptions that constrain the development effort

Embodiment Design
In this phase the chosen concept is elaborated into the definition of
the product architecture and the division of the product into
subsystems and components (Eppinger and Ulrich 1995). The
product’s architecture is the functional and physical terms of the
product (Otto and Wood 2001). The functional elements of a product
are the individual operations and transformations that contribute to
the overall performance of the product. The physical elements are

the parts, comprising components and subassemblies, that

15
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ultimately implement the product’s functions. In this phase the
design is represented by layout drawings to scale showing important
dimensions (and now 3D CAD models), and a preliminary functional
specification for each of the product’s subsystems, as shown in

Figure 2.1-05.

Physical
outputs

Preferred
concept

Inputs
<>

Embodiment
design

A Product Manufacturing
architecture Process

Component

design Material(s)

General
assembly

Output decisions

> <€

, 4

Figure 2.1-05: Inputs and outputs in the embodiment design process.
Source: Baxter 1995, p.272

c).

Detail Design
The detail design phase includes the complete specification of the
product’s geometry, material, and tolerance of all of the unique parts
in the product, specified in assembly drawings, detail drawings and
parts lists. The output of this phase is the control documentation for
the product—the drawings or computer files describing the geometry
of each part and its production tooling, the specifications of the
purchased parts, and the process plans for the fabrication and
assembly of the product, as shown in Figure 2.1-06. The most
important point is that the result has to meet the specification which

was laid down in the conceptual design phase.

16
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Figure 2.1-06: Inputs and outputs in the design process.
Source: Baxter 1995, p.273

Of these three phases, it can be seen that that conceptual design plays an
important role. It determines the direction of the following two phases

and is also where creative activities start.
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2.1.2 Design methods

Much time has been spent developing methods for designers to use
throughout the design process (Jones 1992, Baxter 1995, Hollins and
Hollins 1991, Bruce and Cooper 2000 etc.). This section discusses
methods applied during the front-end (conceptual design) stage.

The front-end phase of the design process is a critical stage because it
affects the direction of the following phases. In this stage designers
spend time researching and conceptualising design ideas. The activities
include: identifying customer needs, establishing target specifications,
analysing competitive products, and interpreting market information
provided by the client. To conceptualise ideas, designers use this
information to inform exploration of visual forms and research

functional solutions.

Gillian Hollins and Bill Hollins (1991) suggest that there are several ways
in which individuals can stimulate their creativity, such as ‘Challenge’,
‘Visualisation’, ‘Brainstorming’ and so on. The methods discussed here,

however, relate only to using images.

Jones’ (1992) ‘The Visual Inconsistency Search’ method proposes the use
of samples and/or photographs of existing designs to find directions for
design improvements. The aim is to identify design conflicts and
compromises that may have been necessary in the past but may be
avoidable in the future. It is assumed that such conflicts are bound to
affect the appearance of a design, and that experience in looking at

designed objects makes it possible to detect such conflicts quickly.

»

Another similar method is using visual references to assist designers
visual thinking in order to determine how the product fits into the
symbolic expectations of the customer. It starts off with broad objectives
and narrows them down to specific, tangible and manufacturable forms.
Baxter (1995) observed that these visual image selections could be
divided into lifestyle, mood, and theme boards. A Lifestyle board is one
with an image of the target customers. These images should convey the
customer’s personal and social values. For example Figure 2.1-07 and

2.1-08 are lifestyle boards of mobile phones users. They are used to
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explore how the styling of mobile phones could be changed to match

more closely the semantic and symbolic expectations of a diversified

customer base (Baxter 1995).

Figure 2.1-07: Lifestyles of the ‘new’ mobile phone user.
Source: Baxter 1995, p.224

igure 2.1-08: Lifestyles of t ‘old’ mobile i10ne usé.
Source: Baxter 1995, p.224

A mood board projects a single expression of values for the product,
which will appeal to customers with the identified lifestyles (Figure 2.1-
09 and 2.1-10). The mood of a product is the sentiment, feeling, or
emotion which the product engenders when first seen. Good mood

boards capture images which do not reference specific product features.
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Figure 2.1-09: ‘Fun’ mood board.
Source: Baxter 1995, p.226

Figure
Source: Baxter 1995, p.226

Theme boards collect together images of products, materials or colour
which manage to convey the target mood (Figure 2.1-11 and 2.1-12).
These products can be from diverse market sectors and have widely

different functions.
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1gure 2.1-11: Visual theme board for ‘ﬁm mood ’
Source: Baxter 1995, p.227
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Figure 2.1-12: Visual theme board for adventure mood.
Source: Baxter 1995, p.227

Theme boards are the most well know and popular way of using images
to understand contexts and express ideas. Additionally, the use of images
within the design process not only assists designers in generating

concepts but also helps them to communicate with others (see Section

2.2.4, p.48).

The following methods are taken from ‘RSA Inclusive Design Toolkit’
(2004) which collected design relevant information, tools and
techniques. There are two methods which use visual reference as a tool

within design works.

1. Users photograph their lives, homes and work

Users’ 'Photo diaries' allow designers to enter the users' world with a
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small expenditure of time and effort. Users take pictures of their
environment, tools, social network etc. Depending on the focus of the
design process, they then make an album of the photographs. They are
interviewed about the content and meaning of the pictures and the
overall structure of the album. This method was contributed by Anu
Makela of the Helsinki University of Technology, Finland, in Methods
Lab: User Research for Design.

2. People pictures as creativity catalysts

This method uses a collection of photographs that show aspects of
people in some part of their daily lives. They are not a substitute for
engaging with real users but might be used as a catalyst. They are meant
to act as stimuli for idea exploration and as reminders that some people

are different from those involved in the design team.

Images help designers to focus their thoughts. Beyer and Holtzbiatt
(1998) suggested that using language could help to focus thought, and
graphical languages give a whole picture. However, the graphical
languages are not images; they are symbols which convey concepts.
Graphical languages reveal more detail about work. Beyer and Holtzbiatt
illustrated that a picture is a better external representation than a page

of text because it is easier to see what designers are talking about.

This research tests the theory on use of images in design methods and
develops understanding through interviews (see Section 4.1.3, p.104) to

ensure a full range of possibilities for using images have been examined.

2.1.3 Innovation design

Since the emergence of industrial design, activities within the discipline
have steadily changed and improved (Heskett 1980, Loewy 1979, Dormer
1993, Bevlin 1977 and Kunstsenter 1991). Technology has played an
important part in the change of focus in the design process.
Manufacturing concerns are not as important as before. Designers have
more freedom in creating form, style and functions. Baxter (1995) noted

that as manufactured products have become more global, the
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competitive pressures from overseas companies have increased
substantially. The need for product innovation has grown because
innovation is a centrepiece of corporate strategies and initiatives (Kelly
and Littman 2002). This section focuses on understanding innovation

design, and the factors and methods involved in creating a new product.

2.1.3.1 Types of innovation design

‘Innovation design helps to develop tangible visions and possible short
and long-term concepts and scenarios, supported by technology
roadmaps, to generate innovative design and new value propositions.
(Innovation design, 2004) The difference between innovation and
design is that design is a total activity which always considers function,
form and many other attributes of the designed item (Heap 1989).
Innovation is the creation of a novel product, or novel feature of an
existing product. ‘A designed product may or may not be the result of

innovation (Heap 1989, p.4)’

According to Bruce and Cooper (2000), research by Tidd et al identified
types of innovation (Table 2-01) each of which is classified by its
strategic advantage. They suggest that new product development must
be considered as a type of innovation by strategy advantage as in Table
2-01, in order that the right type of product may be developed for the

target market.

Table 2-01. Type of innovation by strategic advantage

‘Type of innovation Strategic advantage

Novelty Offering something, that no-one else can

Competence shifting Rewriting the rules of the competence game

Complexity Difficulty of learning about technology keeps entry barrier high
Robust design Basic model product or process can be stretched over an extended life,

reducing overall cost

Continuous incremental
innovation
Source: Tidd et al. 1997. Adapted from Bruce and Cooper 2000, p.7

Continuous movement of cost-performance frontier

Aiken’s (1999) research claims there are only two approaches to
innovation: Technology-driven innovation and Customer-driven
innovation. The differences between ‘Technology-driven’ and

‘Customer-driven’ innovation are:

1. In Technology-driven innovation, new product ideas generally come
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from designers and engineers. Aiken (1999, p.5) said ‘this technology-
driven innovation process was inefficient in that it frequently created a
“solution looking for problems”—clever application of technology to
nonexistent problems or designs that reflect what a designer can do,

not what a consumer wants.’

2. The Customer-driven innovation process begins not with an invention
or design, but with an understanding of the target market and
consumer. Aiken (1999, p.5) said ‘Understanding consumers and
markets does not replace design or innovation, it informs innovation,
giving it a direction and a focus on the consumer.’ Aiken also
emphasizes that customer-driven innovation requires not only a
change in market research procedures, but a major change in the way

product development and design are approached.

Innovation design plays an important role within a new product design
development process. The international product design consultancy
IDEO undertook research into why companies looked outside their
organisations for product development. They found that there are four
key reasons: Capacity (availability of more designers), Speed, Expertise
and Innovation (Kelly and Littman 2002). For large companies with in-
house design teams, innovation is frequently the reason for employing
consultant designers. It is recognised that a fresh approach can identify

new design solutions (Kelly and Littman 2002).

2.1.3.2 Idea generation

In the previous section different kinds of innovation design were
introduced. According to the literature search, the processes of
innovation design are the same as the design process demonstrated in
Section 2.1.1. They all start from identifying the product market and
users, and then end with a designed product. Therefore, this section is
not about the design process. Instead it focuses on the idea generation

techniques for innovation design.

Bruce and Cooper (2000) sum up the techniques for generating

information, knowledge and ideas for innovation design, as shown in
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Figure 2.1-13. They divide the techniques along two axes: On one axis,
from “information generation focused activities” to “idea generation
focused activities”; and on the other, from “exploratory techniques” to
“confirmatory techniques”. For example, ‘brainstorming’ falls into an

area of idea generation focused activities and exploratory techniques.

Exploratory technigues
(abstract, lateral and
divergent thinking)
® Synetics )
@ Morphological
analysis
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® Scenario ® Focus grdup
® Expert opinion
o oSWOT analy;sMappmg ® Hall tests
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generation research eneration
focused sed
activities ® Delphi aclivities
@ Product ® Postal survey
litecycle analysis
® Attribute listing ® Concept testing
} ®Reperiory® Test marketing
grids ©® Conjoint analysis
Confirmatory techniques
{/almrlrgne)n ¢ thinking, @ Inhome use test

Figure 2.1-13: Techniques for generating information, knowledge and ideas
Source: Bruce and Cooper 2000, p35

Four product research techniques use by the Ford Motor Company
(reported by Aiken 1999) are shown below. References to the Bruce and
Cooper chart are shown in brackets.

1). History. Using the detailed information from present customers as a
knowledge base. [Postal survey or face-to-face interviews]

2). Futuring. This includes the development of future scenarios, cohort
analysis/demographics, and analysis of trends and values. [Scenario,
Game play, Disk research, or Mapping]

3). Customer Insight. The techniques for generating insight include:

¢ Segmentation—based on consumer needs, not product
categories. [Focus group]
¢ Idea generation—providing designers and engineers with the

opportunity to interact directly with consumers. [Brainstorming]
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¢ Ethnographics—understanding the consumer experience. How
do people live and what do they value? How does the
automobile fit into their lives?

¢ Observation—paying attention to what people do, not what
they say, to inform design.

¢ Imaging—translating verbal information into design images.

4). Testing of future products

¢ Ethnography and product development

Ethnography scientifically evaluates and describes culture. In new
product development, the more deeply researchers understand
consumer experience; the more clearly they can envisage the future.
Ethnography reveals insights into consumer perceptions, actions,
and experiences. The application of this insight allows ethnographic
research to become the future.

¢ Afocus on experience

As the experience of the user becomes the new research focus, the
intricate interactions of needs, attitudes, and demographics become
less relevant. It focuses on what consumers ‘think’ about a product
and what consumers ‘do’. The perceptions surrounding experience
reveal valuable insights. Valuable knowledge can be gained from the
investigation of actions. Finally, it will increase the understandings
of consumer behaviour by looking at how people ‘use’ various

products. [Inhome use test]

At IDEO, a five-stage idea generation technique is used (Kelly and

Littman 2002):

1).

2).
3).

4).
5).

Understand: understand the markets, clients, technology, and
problems.

Observe real people: observe real people in real-life situations.
Visualise: visualise new-to-the-world concepts and the customers
who will use them.

Evaluate: evaluate and refine the prototypes.

Implement: implement the new concept for commercialisation.

Again there are similarities with other techniques. At the Ford Motor

Company, for example, ‘Customer Insight’ matches ‘observe real people’
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and ‘Testing of future product’ is the same as ‘evaluate and refine the
prototypes’.

All the above techniques show that no matter whether they use
observation, visualization or imagination, they all end up using images to
emphasize their target. For example, images are used to support the
understanding of markets and users, images are used to record the
observation of real people, or images are used to demonstrate the

visualization of new concepts.

2.1.4 Design emotion

The literature search was focused on the search of the context a product
conveys to the users. The issue of users’ emotional responses toward a
product was raised after the interview survey with design professionals.
Therefore a study of the emotional feelings are aroused by products was

carried out as follow.

2.1.4.1 What is emotion?

Desmet (2002) expressed the view that the design of products and their
use involves, evokes and influences the user’s moods, feelings and
emotions in many different ways. But what is the difference between
moods, feelings and emotions? Desmet suggests that the affective states!
which are aroused by objects are emotions, moods, emotional traits and
sentiments (Table 2-02). Feeling is not included, because it is not
considered to be a distinct affective state. He explained the affective
states by dividing them into:

a). Whether the state involves a relation between the person and an

object (i.e. intentional or non-intentional)

b). The duration of a state’s existence (i.e. acute or dispositional)

States that involve a relationship between the person and a particular

object are intentional, e.g. emotion, whereas those not involving such a

1 The term “affective state” is used to cover phenomena such as passions, sentiments, temperament
and moods.
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relationship are non-intentional, e.g. mood. Table 2-02 shows the

classification of the four states.

Table 2-02. Differentiating affective states

Intentional Non-intentional
Acute Emotion Mood

(Short limit of time duration) (Long limit of time duration)
Dispositional Sentiments Emotional traits

Source: Desmet 2002, p.4

1) Emotion:
Emotions imply and involve a relationship between the person

experiencing them and a particular object, such as when one is afraid
of something, proud of something, in love with something, and so on.
2) Moods:
The main difference between moods and emotions is that moods are
essentially non-intentional; for example one is not sad or cheerful at
something. Moods are not directed at a particular object but rather at
the surroundings in general (Frijda 1994). This is how Mood Boards
are used to generate a phenomenon.
3) Emotional traits:
Emotional traits can be interpreted as moods that are characteristic
for a certain person.

4) Sentiments:
Sentiments are dispositional states that may persist throughout a

lifetime, and involve a person-object relationship (e.g. like and
dislike).

A product can be the object of one’s emotion; sometimes the product is
the cause. Although emotions are influenced by moods, the focus of this
section is the role emotion plays in the design process. Therefore, the

next section examines emotional responses to products.

2.1.4.2 Product emotions

Cupchik (1999) proposed that three kinds of meaning which can be
attached to industrially designed objects are: sensory/aesthetic,
cognitive/behavioural, and personal/symbolic. ~“Sensory/aesthetic
meaning would be primary in a decorative context, while

cognitive/behavioural meanings would be central in a purely

28



Chapter 2 Literature review

instrumental context, and personal/symbolic meaning would be critical
when the object has social value (Cupchik 1999, p77).” They are related
to two contrasting emotional processes associated with action and

reaction.

He also suggested that sensory qualities could have an immediate and
direct effect on experience through brain activity (e.g. the colour red
elicits a feeling of approaching warmth, while blue evokes a feeling of
receding coolness). “They can metaphorically foreshadow the cognitive
meaning of a designed object (as when a coarse texture evokes a sense of

ruggedness in an outdoor product)” (Cupchik 1999, p76)”.

Cupchik (1999) explained that personal/symbolic meanings relate to
self-concept and dynamic processes affecting both a person’s motivation
for engaging with an industrially designed object and how it is
interpreted. These motivations can lead a person to project
supplementary meanings onto objects which may not be directly related
to their functions or appearances. At the most superficial level, an object
can be seen by the user to resonate with, and be symbolic of, the self.
Thus, perceiving oneself as rich and powerful might lead to conspicuous

consumption, such as owning a luxury car or wearing designer apparel.

Cupchik’s explanations also reflect on Desmet’s (2002) study that
product emotions are: first, between those expressed by products and
those elicited by products; second, those that people experience towards
products. This indicates that designers would have emotional responses
to the images’ aesthetic, behavioural and symbolic meanings, because
images of objects already have some interpretation attached to them in
the way they have been created (Eckert and Stacey 2000). Cupchik also
indicated that product emotions are personal, temporal and mixed.

Therefore, each designer’s emotional reaction would be very different.

How many emotions could be elicited by products? In Desmet’s (2002)
study the product relevant emotions were divided into eight categories:
Pleasant Excited, Pleasant Average, Pleasant Calm, Neutral Calm,
Unpleasant Calm, Unpleasant Average, Unpleasant Excited and Neutral

Excited. In his study he used words which came from the Davitz’s (1969)
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347 emotion words, which he reduced to 69 product-relevant emotion
words and classified under the eight categories (see Figure 2.1-14).

Desmet then reduced these 69 to a set of 25 emotions which are elicited

by product’s appearance and eliminated 9 of these words, because of

similarities between them, the degree of relevance to product appearance

practical considerations and his empirical findings (see Figure 2.1-14).

b

Unplsasant Excited

irritated
annoyed
disgusted
despise
indignant
bewiidared
frightened
frustrated
greedy
nervous
alarmed

Nostrel Excited

curious
surprised
amazed
avaricious
sroused
longing
concentrated
astonished

eager

Ploasant Excited

enthusiastic
inspired
desiring
excited
loving
jubltant

Unploasant Average hostile
disapprove of
disappointed
contempt
jeaious
aversive
dissatisfied
disturbed
flabbergasted
irked
grouchy
moody
cynical

Unplossant Calm

bored

sad

disiltusioned

isolated

gloomy

melancholy

cheerless

passive

awaiting

defarent
composed

Plsssont Averuge
attracted to
pleasantly surprised
fascinated
amused
sppreciate
happy
entartained
sdmiring
socisble
yeaming
cheerful
joyful

Plessant Colm

intimate

satisfied

relaxed

comfortable

fulfilied

softened

cosy

aggressive
sarcastic
vuinersbie
poweriess
taken aback
destitute

mpquil

funny
plessant

tired
fatigued
exhausted

Figure 2.1-14: 69 product-relevant emotions.

Source: Desmet 2002, p.27

He thus produced 14 words which express emotional reactions to

product (see Figure 2.1-15):
Disgust, Indignation, Contempt, Unpleasant surprise, Dissatisfaction,

Disappointment,

Boredom,

Inspired, Desire,

Pleasant

Amusement, Admiration, Satisfaction, and Fascination.

surprise,
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U.npleasan!-Excited Pleasant-Excited
disgust = inspiration
indignation Es desire
unpleasant surprise g
:
Unpleasant-Average Pleasant-Average
disappointment pleasant surprise
contempt fascination
dissatisfaction amusement
admiration
Unpleasant-Calm Pleasant-Calm
boredom satisfaction

Figure 2.1-15: Fourteen emotions in eight categories.
Source: Desmet 2002, p.69

Desmet’s work involved several experiments which used photos to
examine participants’ responses, and some experiments also involved
using instruments to measure emotions. It is of direct relevance to this
study in the way it focuses on the context which images can convey, and
consequently the 14 emotional reaction descriptors were adopted as

keywords within the divisions of information used in the database (see

Section 5.3.2, p.149).
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2.1.5 Product context

Coates (2002) stated that products convey three different kinds of
information that can be classified in order of the degree of freedom they
permit the designer: essential information, collateral information, and

discretionary information.

He explained that:

&  Essential information is the product’s very reason for existence, e.g.
a watch indicates time.

¢ Collateral information exists alongside essential information to
supplement it. It is always optional. Coates indicated that the
designer has more discretion in shaping sources of collateral
information, as long as it does not hinder the effectiveness of any
essential information, e.g. the numbers on a watch face.

& Discretionary information refers to the designer’s freedom to have
a product created. Coates indicated that whether or not a product
conveys essential or collateral information, it always conveys
discretionary information. Discretionary information in a product
is a means of broadcasting personal values, beliefs and attitudes, e.g.

iMac conveys a brand value more than its essential information.

‘Discretionary information’ is the important information conveyed by
products which represent brand names and the visual image of a
corporation. Mooij (1998) describes elements of a product’s ‘association
network’ which relates to:

¢ The brand name and the brand’s visual image (e.g. packages, logo,
brand properties, etc.);

Attributes: what the product is or has (characteristics)

Users

Place, occasions, moments, moods when using the product

® o o o

Value
All of which are related by the product’s ‘Discretionary information’.

Mooij (1998, p.95) explained that ‘Values have cognitive, affective, and
behavioural components. A value is a preference for one mode of

behaviour over another mode of behaviour.” He also indicated that
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values guide and determine social attitudes and behaviour, and are
linked to a product’s attributes. The oldest value research used for
marketing is the VALS (Value and Lifestyles) framework, and it sorts
respondents into: Actualizers, Fullfillers, Achievers, Experiencers,

Believers, Strivers, Makers, and Strugglers (Kotler 2000).

When it came to identifying a product’s customer, Williams (1998)
thought that this could be achieved by defining customers
demographically and psychographically. Demographic considerations
include age, sex, income level, marital status, ethnicity, geography and
education; psychographic (or lifestyle) considerations include a person’s

activities, interests and options.

According to Kotler (2000), demographic variables are the most popular
bases for distinguishing customer groups. They divide the market into
groups using variables such as age, family size, family life cycle, gender,
income, occupation, education, religion, race, generation, nationality
and social class. Table 2-03 shows Kotler’s classifications of age, gender,

and social class.

Table 2-03. Classification of age, gender, and social class from Kotler (2000)
Category Members

Age Under 6, 6-11, 12-19, 20-34, 35-49, 50-64, 65+
Gender Male, female
Social class Lower lowers, upper lowers, working class, middle class, upper middles, lower

uppers, upper uppers

Mooij, Williams and Kotler all provided very detailed categories to help
define the users of a product. However, the work of Packard (1959),
Saunders (1990), and Wynne (1998) suggests that users could be simply
defined by their age, gender and social class, because social class could

represent the income, occupation and education.

The understanding of a product’s context helps to analyse an image’s
context and this can be taken as one approach to establish the

categorisations for the storage of images.
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2.1,6 Summary

The product design process can be simply divided into three phases:
Conceptual Design, Embodiment Design, and Detail Design (see Section
2.1.1.6, p.15). The decisions made during the Conceptual Design phase

will effect the successive activities.

Product design literature shows that images are an essential part of a
design method and, most importantly, are used in the concept design
stage. Images are used to:

a). Understand target users—using lifestyle boards,

b). Analyse existing products—The Visual Inconsistency Search

]

method,
c). Express a concept as a theme board—using mood and theme boards.

This survey identified that products can evoke one’s emotions, and

Desmet (2002) had refined these to 14 words.

A product conveys essential information, described as ‘Discretionary
information’, which represents its product characteristics, users, the
place where it will be used, its value and the visual image of a

corporation.
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2.2
Language

A general definition of language is a system of communication which
consists of a set of sounds and written symbols; nowadays, it is more
widely used to describe different communication forms such as sign
language, programming language, or visual language (Dinneen 1967 and
Crystal 1997). Communication is important in the design process and the
use of images is also important in communicating with others. Therefore,
it is essential to understand the forms of communication and what words
mean. In this section, language is discussed in a range of contexts as

below.

Section 2.2.1 introduces the meaning of words and how linguists
categorise words. A categorisation theory is introduced in order to assist
in classifying keywords for the development of a system.

Section 2.2.2 focuses on understanding the elements of visual language.
Section 2.2.3 discusses the theory of product semantics in order to
understand how it affects designers’ thinking.

Section 2.2.4 is about the language used in design communication. It

focuses on verbal and visual communication in the design process.

2.2.1 Linguistics—the meaning of a word

Linguistics is the study of how language works and the meanings it can
convey. This section focuses on understanding the meaning of words.
This aims to assist in classifying keywords used by product designers to

express or describe ideas.

According to Crystal (1997), there are six models of language structure in
the study of linguistics (see Figure 2.2-01). The simplest model
recognizes only two basic levels: the set of physical forms (sounds, letters,
signs, words) contained in a language, and the range of abstract
meanings conveyed by these forms. The three-level model includes
pronunciation (phonology), grammar (syntax), and meaning (semantics),

as shown in Figure 2.2-01.
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Figure 2.2-01: Models of language.
Source: Crystal 1997, p.83

Four-level models of language (phonetics/ phonology/ grammar/
semantics) are among the most widely used. The processes of
articulation, acoustic transmission and audition, are considered to be the
subject of phonetics. Phonology is the way different languages organize
sounds to convey differences of meaning. The study of the way
meaningful units are brought into sequence to convey wider and more
varied patterns of meaning is the province of grammar. The term
semantics is used for the study of meaning. Five-level and six-level
models have further divisions within and between these levels, see

Figure 2.2-01 for the relationship.
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In addition, Dinneen (1967) stated that, essentially, linguistic studies are
divided into phonology, grammar, and meaning. In the light of Crystal
and Dinneen’s work, it shows the direction for this research should focus

on semantics, the study of meaning,.

2.2.1.1 Meanings are concepts

The meaning of words in Crystal’s (1997) three conceptions of meaning
are:

1). Words - things

Words ‘name’ or ‘refer to’ things. However, the majority of words seem
unable to be related to things. For example, adjectives such as difficult
cannot be seen.

2). Words - concepts = things

This view argues that the relationship can be made only through the use
of one’s mind. For every word, there is an associated concept.

3). Stimuli - words - responses

This is the view of meaning proposed by the behaviourist Leonard
Bloomfield, in his book Language (1933) and adopted by Crystal:
meaning is something that can be deduced solely for a study of the
situation in which speech is used ~ the stimulus that leads someone to

speak, and the response that results from this speech.

In reviewing the basics of linguistic studies, the popular view is that
meanings are concepts. For example, according to Hudson (1995), a

word and its meaning are concepts.

Lobner (2002, p.20) used the example of a dog. He explained what the
word dog means: “you would probably say that dogs are a certain kind of
medium-sized animal with four legs and a tail, that they are often kept as
pets, and that they bark, etc.” He said this is an adequate reaction; that
giving a description of dogs may well count as an explanation of the
meaning of dog. However, the word does not carry this description with

it. The recognition of a word is something residing in one’s mind.

Therefore meaning is a mental description called a concept. Lobner

(2002, p.20) explained that “A concept for a kind, or category, of entities
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is information in the mind that allows us to discriminate entities of the
kind from entities of other kinds.” For example, ‘intelligent’ and ‘bright’
have the same concept of “intelligent” or ‘water’ and ‘mountain’ have the
same concept of “nature”. He emphasised that a concept should not be
equated with a mental visual image. For example, verbs such as ask or
find; adjectives such as traditional or productive; nouns such as

consistency or efficiency are unable to have a visual image.

One of best-known formulations of words as concepts is the ‘semiotic
triangle’. The original one is by Ogden and Richards (1923) (adapted
from Crystal 1997, p.101), as shown in Figure 2.2-02. Lobner’s (2002)
version of the semiotic triangle is the relationship between a word, its

meaning and its denotation, as shown in Figure 2.2-03.

Thought

Symbol--erees Referent
Figure 2.2-02: Ogden and Richards’ (1923) semiotic triangle.

descriptive meaning: determines ~ denotation:
(
a concept g a category

Figure 2.2-03: Lobner’s (2002) semiotic triangle.

To sum up, the meaning of a word is a concept that provides a mental

description of a certain kind of category.

2.2.1.2 Categories and concepts

As described above, a concept determines a category. The single entities
that belong to a category are called exemplars or members of the
category. A category is developed by categorization theory.
Categorization is the practice of sorting things. The traditional view of
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categorization is that it is shaped by a list of necessary and sufficient
features. This categorization model is named NSC (necessary and
sufficient conditions) model for short. For example, if the category man
is defined by the three conditions of being human, male and adult, each
one is necessary. If someone is neither human nor male or not adult, he

or she is not a man.

However, in 1969 Berlin and Kay found that colour terms (colour
categorization) did not seem to fit the NSC model. Based on the analyses
of colour terms, it was found that similarity is a matter of degree. For
example, the categories red and brown intuitively overlap. Brownish red
is red but still more or less brown, and reddish brown is vice versa
(Lobner 2002).

Prototype theory was the result of the investigation for gathering
similar phenomena. The evidence for this theory was proposed in 1978
by Eleanor Rosch. The Prototype theory of categorization suggested that
instead of the NSC analysis method, categorizing could be achieved by
using a "prototype,” an 'ideal' image of the perfect member of that
category. For example, in a category of bird a chicken is a bird, but a
prototypical bird is not a chicken, an owl or a penguin. Entities such as
birds seem to share the same features such as ‘animal’, ‘feathers’, ‘wings’,

‘laying eggs’, and so forth.

Lébner (2002) summarized the characteristics of the prototype model of

categorization as follows:

¢ Graded structure. The members of a category are not of equal
status.

¢ Prototypes are best examples. There are prototypical members
that are consistently considered the best examples of the category.

¢ No set of necessary conditions. Category membership is not a
matter of a fixed set of necessary conditions. The prototype of a
category may be defined by properties absent in less typical examples.

¢ Family resemblance. Category members are connected by family
resemblance.

¢ Prototypes are reference points. Prototypes serve as reference
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points for categorization. Category membership is a matter of
similarity to the prototype.

¢ Graded membership. Category membership is a matter of
degree.

¢ Fuzzy boundaries. Categories have fuzzy boundaries. This is
because of variation of word meanings within a language community,

partial knowledge of word meanings, etc.

Giannakopoulou (2003) emphasised that prototype theory is considered
as having a supplementary role to word meanings. He emphasized the
essence of the prototypical conception of the structures of categories;
people create categories of things and assign the same name (or label) to

things that are not exactly the same but similar.

Consequently, the 'prototype theory' only really applies consistently to
categories which are a matter of degree: for example the category 'happy’.
It would be difficult to build up a list of features for this category;
however prototype theory makes it easier to categorize. Therefore,

prototype theory can be used to classify descriptive words.

2.2.2 Basic language of design—yvisual language

Visual language is the basis of design creation. Visual language is similar
to verbal language in that it has a structure and rules. Visual language

uses elements of colour, shape, layout, composition and illustrations to

convey meaning.

Bonnici (1999) suggests that anyone who cares about meaning as well as
form should be interested in visual language, as a powerful medium of
non-verbal communication. Visual language is essential to designers as a
method of visual communication through the choice of colour and
composition. Wong (1993) states that a designer can work without
conscious knowledge of visual language, because his personal taste and
sensitivity to visual relationships are much more important, but a
thorough understanding of visual language would definitely enhance his

capability in visual organisation.
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There are also many principles of visual language related to design, e.g.
red and yellow are warm colours, an ergonomic shape is smoother, etc.
The focus of this section is to understand the relevant elements, not the
principles. It aims to assist in the understanding of the elements of the

designer’s work.

Visual elements include shape, colour, texture and material.

2.2.2.1 Form/shape

Wong (1993, p.138) explained that ‘the terms shape and form are often
used synonymously, but their meanings are not the same. A shape is an
area easily defined with an outline. A shape that is a given volume and
thickness and that can exhibit different views becomes a form. Forms
display some depth and volume—characteristics associated with three-
dimensional figures, whereas shapes are forms depicted at particular
angles, from particular distances. A form therefore has many shapes.’
Although this research focuses on two-dimensional images, the content

of most images is three-dimensional objects.

There are a lot of studies about design elements, however, only a few are
about the categorization of design elements. Wong has the most
comprehensive introductions to forms and shapes. He classified forms
into: representational and non-representational forms. He suggested
that a form that contains a recognisable subject communicates with
viewers in more than purely visual terms and is called a representational
form. Representational forms can be further classified into: natural,

man-made, verbal, and abstract forms, as shown in Figure 2.2-04.

natural man-made verbal — abstract

Figure 2.2-04: Form classification.
Source: Wong 1993, pp.146-147
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Wong (1993) has also classified shapes into three types: calligraphic,
organic, and geometric shapes. Calligraphic shapes are generated by
hand, drawing tools or medium. Bevlin (1977) divided shapes into four
categories: geometric, natural, abstract and nonobjective. Bevlin
defined an ‘abstract’ shape as being when a natural shape is distorted in

such a way as to reduce it to its essence.

This research suggests that for the visual database, form/shape may be
classified into: natural/organic, man-made, verbal, geometric,

calligraphic and abstract.

2.2.2.2 Colour

Colour conveys many emotions and messages. Feisner (2001) felt that
colour must have a purpose within any project, and choice of colour is
the primary method of conveying one’s message. He stated that colour
could reflect mood, emotion and time frame, and provide symbolism.

Colour, therefore, has attributes and characteristics.

The most widely used colour specification system is the Munsell
(Whitfield and Wiltshire 1983). There are 10 hue categories in this
system, as shown in Figure 2.2-05. However, the whole system is more
complex, and the specification of colour is based on hue, value and
chroma, as shown in Figure 2.2-06. Despite this, based on the Munsell
system, colours could also be classified into: violet, blue, blue-green,

green, yellow, orange, red, brown, pink, white, off-white, grey, black and

grey tints (Danger 1987).
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Black

Figure 2.2-06: Colour space of Munsell system.

2.2.2.3 Texture

Texture refers to the surface characteristics of a shape. It may be plain or
decorated, smooth or rough, etc. Lindbeck (1994) named this ‘surface
quality’. He indicated that the surface qualities could add interest or
emphasis to a design and they generally contribute to appearance. There
are two kinds of texture: tactile textures and visual textures (Bevlin 1977).
Bevlin indicated that every work of art could be characterized by its
textural quality, whether tactile or visual. It could be smooth, coarse,

regular, uneven, harsh or sensuous.
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2.2.2.4 Material

Material provides the solid surface of an object. “The act of designing is
complex, involving designers in both intuitive and rational judgements.
The choice of materials is basic, and can provide a starting point for the

rest of the design. (Kirkbride 1983, p.175)”

This leaves no doubt as to the importance of material qualities in
allowing a designer to fulfil a brief. People have unconscious
relationships with materials. Designers understand the material qualities
which produce these reactions, so materials fulfil both functional and
emotional needs. However, images rarely convey detailed information
about materials so their subtle qualities need not be identified by a visual
database which can simply record material types. There are many
different collections of material lists (Flurscheim 1983, Manzini 1986,
Gasson 1974, Bevlin 1977, and Lefteri 2001), but the contents show little
variation between each list. By combining them, the material collection
selected for the visual database includes: Copper-based alloys, Zinc
alloys, Steel, Stainless steels, Aluminium and its alloys, Titanium, Glass,
Rubber, Wood, Plastics, Ceramics, Clothing material, and Composite and

compound materials.

2.2.3 Product semantics

‘Products which move fast should look sleek and streamlined. Products which
are durable and hard-wearing should look robust and rugged. Products which
are fun should look bright and happy, whereas products used for serious work
should look sombre and efficient. This is the essence of product semantics.
(Baxter 1995, p.218)’

Product semantics is a term that has been widely used by industrial
designers’ since the mid-1980s. It is derived from the semiological
discussion developed by philosophers, such as the Frenchman, Roland
Barthes. It is a development from the 20t century philosophical writing,
extending the notion of meaning from written and spoken language to
the language of objects and images, which not only signifies their basic
function, but also carries a ‘meta-meaning. In addition objects and

images operate, due to their wider associations, as signs (Julier 1993).
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Designers’ interest in semiotics and semiotic applications began in the
1950s at the Uim school, a theory of linking an aesthetic design concept
to the semiotic which stated that a design product has four dimensions—
material dimension, syntactic dimension (the dimension of technique
and construction), semantic dimension (the dimension of technical
product form), and pragmatics dimension (the dimension of use) (Viham

1995), as shown in Figure 2.2-07.

Syntax Material

Semantics Pragmatics
Figure 2.2-07: Product’s 4 dimensions.
Source: Viham 1995, p.50

The emergence of product semantics in the early to mid 1980s required
designers to look beyond the merely functional aspects of an object and
consider its social, symbolic and historical qualities, as well as the
psychological and sensual aspects of interaction. It was hoped that
consumers could enjoy meaningful personal involvement with the
products they used and designers would be granted more freedom of

expression in the design process.

There are a lot of studies on product semantics, but only a few main
sources of information specifically detail the various theoretical
principles of product semantics. In line with the aim of this research this
section is focused on the cognitive process of product semantics, and

how to interpret the meaning of products.

Krippendorff (1989a, p.11) noted that ‘A suitable starting point for
product semantics is the experiential fact that people surround
themselves with objects that make sense to them, they can identify what

they are, when, how, for what, and in which context they may be used.’
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As shown in Figure 2.2-08, form and meaning are intricately related.
Form is related with context and context is cognitively constructed by
the viewer/user, meaning therefore becomes a cognitively constructed

relationship between designers, users and objects (artefact).

INFORMS .
I Product Semantics

MAKES SENSE

/7

Designer |-——Form  Meaning User

SEE IN
SEEN AS CONTEXT

™ Arti -
CREATES Artitact ACTSON

Figure 2.2-08: The meaning of an object in context.
Source: Krippendorff 1989a

Krippendorff (1989b) proposes that the meaning of products may be
understood according to four contexts. These he terms the contexts of
use, language, genesis and ecology. The ‘use’ implies psychological
contexts which refer to the meaning of an object for a user in its everyday
use. The ‘language’ is the socio-linguistic context however, which is
founded upon the experiential fact that people discuss everyday objects
in natural language and consequently the described objects play a
mediating role in linguistic-based social interaction. Within this context
Krippendorff (1989b) suggests that products can become conventional
symbols of social differentiation, integration or status, individual
identity, material support to social relationships and content of
communication. Figure 2.2-09 demonstrates the relationship between

use and language and shows the roles of genesis and ecology.
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Psychological Theory

/ Socio-linguistic Theory
Techno-economic Theory
/ Theory of Interaction

among Species of Artifact

Language

Genesis

Ecology

Figure 2.2-09: Context of artefacts and design theories.
Source: Krippendorff 1989b, p.a11

Krippendorff indicated that people select material objects to create their
own personal identity and then locate that identity within the symbolic
fabric of society by establishing relationships with the complex of objects
with which they surround themselves. Consequently, people deliberately
use material objects as symbols to express individuality or different
social wealth and status. People also by necessity use the same symbols
to mediate this, and denote a generally held desire for belongingness to
the same society as those they seek to differentiate themselves from.
Krippendorff used socio-linguistic theory and observation of social
relationships to suggest that, as a result of the interchange of material
goods within society, industrially designed objects play an important role
in establishing, maintaining and changing social relationships between

individuals.

As a result, product semantics helps in understanding the relationship
between the relevant design elements (e.g. material, form, colour and
texture) and people. It also helps in understanding the relationship
between designers and objects which leads to them being designed to
express their context. Because of this a study of the context of objects is
needed in order to comprehend designers’ views and inform the

development of the image database (See Section 2.1.5, p.32).
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2.2.4 Language of design communication

Sources of inspiration, visual references, are a very important element
for designers when it comes to the design process, both in defining the
context for new designs and in informing the creation of individual
designs. Previous design concepts and other sources of ideas furnish a
vocabulary for both thinking about new designs, and for describing
designs to others. Product semantics and visual language are two well-
known theories about how products or visual materials are interpreted
by human beings. However, this section focuses on verbal and visual

communication in the design process.

Eckert and Stacey (2000) indicated that the structure of language of
sources of inspiration (source-language) within the design activities are

(taking into account that, their study was based on knitwear design):

a). The syntax

Descriptions of design in source-language typically comprise references
to objects, images and sometimes to abstractions such as moods e.g.
‘playful’, or cultures such as ‘Arabic’. The sources themselves have the
character of nouns, while the modifications have the character of
adjectives. These modifications can change any describable
characteristic of the source. For example a designer might say ‘this shape
is fun’ (Figure 2.2-10) or ‘this lamp is cool’ (Figure 2.2-11). The range of

available nouns is large and open-ended, while the range of adjectives is

comparatively small.

e ad j ., L2
Figure 2.2-10: Visual reference example 1.
Source: 1.D. magazine June 2001, p.10
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Figure 2.2-11: Visual reference example 2.
Source: Lefteri 2001, p.126

According to Eckert and Stacey’s study there are no verbs used in
knitwear design practice. However, product designers use verbs, such as

‘it looks like’, ‘I feel’, ‘the surface shows’ etc., in product design.

b). The semantics

Verbal and visual communication in source-language defines locations
within the space of all possible designs of a type of artefact. The locations
of individual designs are defined through a single set of complementary
source-features. The user recreates the design from the description, so
communication depends on the recipient sharing the speaker’s mapping

of terms to meanings.

By referring to sources of inspiration designers can convey concepts very
concisely: a key image or a mood board can express and elaborate a set
of cultural references; and a brief description can express a complex
design. It is not the design itself that is communicated, but information
about a range of alternative designs. The listener mentally redesigns the

design, influenced by a different set of preferences and procedures.

Eckert and Stacey (2000) also discuss the idea that conceiving and
communicating designs by reference to images also assists the
explanation of design activities. It works differently for different
recipients who have different amounts of knowledge of the designer’s

sources. The recipients include:
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1. Oneself: the sources of inspiration function similarly to sketches, as

facilitators of reinterpretation when the context has changed, and as
memory aids.

2. Fellow specialists: designers exchange ideas with people who share
similar knowledge, expertise and frames of reference. Reference to
sources of inspiration provides a powerful, effective and efficient
means of communication when exactness is not required.

3. Complementary colleagues: who have different concerns,
expertise, mental representations of the designs, and frames of
reference, but who share the same objectives.

4. Superiors: such as project managers

5. Customers: refers to clients commissioning design

6. Unknown: refers to users or others

Their work shows the importance of images for design communication

and provides a valuable foundation for this research’s fieldwork.

2.2.5 Summary

The study of linguistics shows that the meanings of words are concepts
and these can be used to classify the descriptive words which will be used

in the database. The classification process should adopt ‘prototype

theory’ to achieve better categorization.

The essential visual language of design is constructed from form, colour,

texture, and material. These are the fundamental elements of the

relationship between the designers and objects.

Product semantics provides a tool which helps in examining the contexts

of objects.
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2.3
Images

Visualisation is part of the creative process, many designers use images
of previous designs in the form of pictures, photographs and graphics, as
well as objects and other visual information from the real world, such as
product images, images of certain environments, images of target users,
images of colours and so on (see Section 2.1.2, p.18) to provide
inspiration and to visualise the end product. Furthermore, images are
also used as a tool to improve communication between people (see
Section 2.2.4, p.48). The following sections focus on a survey of existing

image data management systems, image databases and archives.

2.3.1 Image data management

Eakins and Graham (1999) said that the need to find a desired image
from a collection is shared by many professional groups, including
journalists, design engineers and art historians. This comment indicated
the need for a well-organised database. However, the requirements of
image users can vary considerably, and Eakins and Graham suggested
that images could be characterised into three levels of abstraction:

a). primitive features such as colour or shape,

b). logical features such as the identity of objects shown,

c). abstract attributes such as the significance of the scenes depicted.

Eakins and Graham’s report shows that current indexing practice for

images relies largely on text descriptors or classification codes.

Content-based image retrieval (CBIR) is a technique for retrieving
images on the basis of automatically-derived features, such as colour,
texture and shape. Since 1992 it has been widely discussed as a process
of retrieving desired images from a large collection, and it remains a

lively research topic (Eakins and Graham 1999).

Convera’s Visual RetrievalWare is one of the commercial CBIR systems

available (Figure 2.3-01).
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Figure 2.3-01: Screen shot of Convera’s RetrievalWare.
Available from: <http://vrw.convera.com:8015/cst> [June 2004]

The results of searching for similar images “with a blue stroke” are
shown in Figure 2.3-02, and the results of search for similar images with

“red a stroke” are shown in Figure 2.3-03.
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Figure 2.3-02: Screen shot of search result 1 Figure 2.3-03: Screen shot of search result 2

However, while the results of CBIR’s searches may be appropriate for
professionals such as journalists and art historians, they do not fit the
product designer’s expectations. This is because its search aims to find

images which have a similar colour and shape to the original image. The
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author’s own experience and the survey results (see Chapter 4, p.100)
when product designers search by colour and shape, they require more
information on the image’s context. Text descriptors or classification

codes are a better way to assist product designers to search for images.

To access a desired image from a repository might thus involve a search

for images depicting specific subjects. Research and development into

image processing and information retrieval should cover topics like:

¢ Understanding image wusers’ needs and information-seeking
behaviour;

¢ Identification of a suitable way of describing image content (Eakins

and Graham 1999).

Eakins and Graham also reported that images have many types of

attribute which could be used for retrieval, including;:

& The presence of a particular combination of colour, texture or shape
features (e.g. green stars);

& The presence or arrangement of specific types of object (e.g. chairs
around a table);

¢ The depiction of a particular type of event (e.g. a football match);

¢ The presence of named individuals, locations or events (e.g. the
Queen greeting a crowd);

o Subjective emotions one might associate with the image (e.g.
happiness);

& Metadata such as who created the image, where and when.

There are some commercial image data management systems, such as
iBase (http://www.ibase.com/) (Figure 2.3-04), Digital Catalogue
(http://www.imageres.com/), FotoWare (http://www.fotoware.com/)
and Signpost (http://www.signpost.com/). They are all similar to Figure
2.3-04 (iBase), and the information is mostly based on the image’s
content (physical properties), such as filename, object name, headline,
source and so on. Although users can still index images by using a note
field to key-in their feeling or descriptions of image quality, this function
will not encourage users to look at images in depth. Therefore, the image
database as Figure 2.3-04 assists in the storage of images, but it does not

facilitate searching for images as designers would want.
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Figure 2.3-04: Image manager of iBase.
Available from: <http://www.ibase.com/manager.html> [12 August 2004]

2.3.2 Existing image database survey

Picture research has become a skilled profession since online access
developed. There are many thousands of images online, but these are not
referenced in a way which assists product design. Understanding
existing approaches to finding images online or understanding how the
image providers organise their image collections will help to avoid

mistakes in developing an image database for product design

professional.

The existing image databases which assist product designers can be
divided into three different groups:

(1) Design related image archives

(2) Commercial image providers

(3) Internet search engines

2.3.2.1 Design related image archives

Many publicly funded design organisations have their own design
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collections, and normally they are free for the general public to inspect.
However, they generally catalogue the images by the name of the image
subject, designer/creator, the time of publishing, etc. For example
Austen (1978) noted that the Design Council then had the Design Index,
a record of some 7,000 well-designed British consumer goods. It
comprised a photographic record of selected products, together with
their specifications, costs, and name of designer and manufacturer, etc.
The Design Index (see Figure 2.3-05) was moved to the Design History
Research Centre at the University of Brighton in 1994 where it provides
one of severalvital tools for understanding the activities and operation of
the Council of Industrial Design from 1944 to 1971 and the Design
Council from 1972 to the present day (Moriarty 2000).

Two image data services have grown from the Design Council archives:

The Design History Research Centre Archives (DHRCA)
Originating with the acquisition of the Design Council Archive in 1994,
the DHRC Archives now include additional major holdings along with
several other related collections (Figure 2.3-05). Further information is
available from:

http://www.dhre.brighton.ac.uk/dca_web_site/default.htm

55



Chapter 2 Literature review
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Figure 2.3-05: Home page screen shot of interface of Design Council Archive.
Available from: <http://www.dhre.brighton.ac.uk/dca_web_site/default.htm>
[November 2003 ]

AHDS Visual Arts (formally Visual Art Data Service)

The Design Council Slide Collection was transferred to the Department
of History of Art and Design at Manchester Metropolitan University
from the Design Centre, London, in 1995. The collection comprises
almost 22,500 images and covers most areas of design. The majority of
slides showing products of various kinds (including tableware, furniture,
lighting, toys, domestic appliances, textiles and wallpapers), but other
areas of design such as architecture, town planning, interior design,
graphic design, and corporate identity are also included. The emphasis is
mainly upon British design in the post war period up to 1990, but there
are also many images illustrating examples of design from other

countries and earlier periods.

AHDS Visual Arts (Figure 2.3-06, 07, 08 and 09) grew out of the Design
Council collection and is an integrated online interface of 14 image
collections in the UK run by AHRB (Arts and Humanities Research
Board) and JISC (Joint Information Systems Committee). The

collections cover a broad range and can be seen in the screenshot Figure
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2.3-07. Information about images is recorded in may fields including
title, type, date, decoration, descriptions, subject, measurements,

materials, culture, ID number and rights.
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Figure 2.3-06:Home page screen shot of AHDS Visual Arts.
Available form: < http://vads.ahds.ac.uk/index.html > [11 Dec 2003]
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Figure 2.3-07: Collections screen shot of AHDS Visual Arts.
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A search for ‘red’ produced 1711 records (Figure 2.3-08). However, the
results are not clear, for example there is no keyword of ‘red’ and no ‘red’

on the image in Figure 2.3-09. Therefore, it is not a very helpful archive.
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Figure 2.3-08: Example of search results of AHDS Visual Arts.

Details of “sample” from previous screenshot:
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core record

VISUAL ARTS
DATA SERVICE

formerly

| home | search | advanced search | search results | lightbox | lesming resources index | help | leg out |

| full catalogue record |

UNIVERSITY OF THE ARTS
LONDON LONDON COLLEGE OF FASHION

Cordwainers College Historic Shoe Collection

Select Lightbox: [Defaut Lightbox ¥

Core Record

| larger image | add to lightbox | find similar images |

Title “Sandal” shoe

Type Sandal

Date 1827-30

Decoration Large ribbon knotted bow stitched on throat

Description of Toe
Description of Upper

1 18 inch square, shallow

Square throat, low sides. Pair of side seams and back. Seam and edges
bound. Pair of half inch ribbons pinked-edged, to tie round ankle ( 1 ribbon
broken). Colour -yellow.

Description of Sole - Tapenng to 3/4 inch waist, brown edge finished. Inscribed on seat in

Sole Heel red. "Presented to H.H. Hooper, Esq., June 1925 2 (at waist) and 1 small
double ring stamps.

Description of Sock - Linen. Remains of paper label on right foot waist . R. Jon

SockInsole Lining Fashionable B & S .. No 1 Whitechapel opposite the church”. Lining -
Linen. Quarters inscribed "2/53"

Subject Woman's, pair

Measwrements 2

Material of Upper Silk

Material of Sole Leather

Construction Tum

Culture English

1D Number 2012

Rights LCF, HE/FE only

| full catalogue record |

| home | search | advanced search | search results | lightbox | leaming resources index | help | log out |
Figure 2.3-09: Example of image details of AHDS Visual Arts.

2.3.2.2 Commercial image providers

Online commercial image providers, such as Digital Vision, Wonderfile
and Fotosearch, all provide categories with keyword searching. (See

following figures captured in March 2003)
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Figure 2.3-10, 2.3-11 and 2.2-12 are the home page of Digital Vision,

Wonderfile, and Fotosearch. They provide similar categories for
browsing such as ‘Business’, ‘Concepts’, ‘Culture and society’, ‘Design
and background’, ‘Food and drink’, ‘Industry’, ‘Lifestyle’, ‘Nature’,

‘Science’, ‘Sport and fitness’, “Transport’, ‘Travel’, and so on. Although,

Digital Vision provides images of ‘Emotions’, there are only three

subcategories: anger, joy, and love.
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Figure 2.3-10: Home page of Digital Vision.
Available from: <www.digitalvision.com> [March 2003]
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Figure 2.3-11: Home page of Wonderfile.
Available from: <www.wonderfile.com> [March 2003]
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Figure 2.3-12: Home page of Fotosearch.
Available from: <www.fotosearch.co.uk> [March 2003]

When designers use tangible terms, such as the name of product, to
search for images, they would expect images to match their enquiry.
However, this kind of result is difficult to find from commercial image
providers. For example, Figure 2.3-13, 2.3-14, and 2.3-15 show the
search results of ‘mobile phone’. Although over two thousands images
were found, there are few which show only the mobile phone. Similar

results were in searching for ‘table’, ‘car’ and ‘lamp’.
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Available from: <www.digitalvision.com> [March 2003]
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Although images from image providers provide a wide range of image

selections, their target users are in adverting, graphics, web design and

so on. Bevlin (1977) indicated that industrial design, and other areas are

in the gap between the producer and the consumer. Product designers

are closer to consumers than other design activities, such as graphic

design, because their work is the result of observing the consumer’s need.

Within the product design process, a product designer would therefore

need to involve users with their design work, more so than with other

design activities. This requirement must be accommodated in the visual

database.
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2.3.2.3 Internet search engines

Paula Berinstein (1996) pointed out that to find images, one has to be

able to describe them accurately and in detail. She gave a good

explanation of the difference between images and text, pointing out that:

a). Images are representations of things found in the real word, but
text consists of symbols for things that might or might not be found
in the real world.

b). One does not have to learn to read to comprehend an image, but
one does have to learn language and reading to understand text.

c). Perceptions are direct and cannot be completely communicated
through symbols; text, on the other hand, can be reproduced and

communicated exactly.

These differences indicated that images are easy to perceive but
extremely difficult to describe. Therefore, when searching for images, it
requires the images to be stored with consistent image attributes, such as
composition, perspective, proportion, pattern, style, subject, etc. This
information might be found attached to images provided by image
providers, however, images from the search engines on the Internet do

not normally have this information.

Google is the world’s most popular search engine and its search criteria
are representative of others. It has a separate section for image searching
which provides keyword searches (Figure2.3-16) and advanced image

searches (Figure2.3-17).
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Figure2.3-16: Home page of Google Image.

In the advanced image search page, it provides for rules to limit

searching by words and it also provides options of size, file types,

colouration, domain and safe search (Figure2.3-17).

Fie [Edit Yew Favodtes Jools Help Norton AntiVirs L] ~ [
]
' Images Help | All About Google
Goo gle
Image Search
s related 1o all of the words Jred | Google Search I
related to the exact phrase |
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Filetypes Return only image files formatted as m
Coloration Return only images in m
Domain Return images from the site or dorain [
SafeSeaich € No filtenng @ Use moderate filtering © Use stnct filtering
e
- - T

Figure2.3-17: Advance search page of Google and Advance search details.

However, the search results do not differ much between keyword
searches and advanced image searches. Because search results are based
only on the match of the keywords with the file name of images, the

search results hardly fit designers’ needs. For example, searching for

66



Chapter 2 Literature review

“mobile phone”, provided 8,600 images which match the keywords
(Figure2.3-18), so, if one web page can display 20 images, there are still
430 pages to go through. Also, the results are not just mobile phone
images but include all sorts of images which have mobile phones within

the file name, such as “mobile phone report.jpg” (Figure2.3-19).

. In most browsers ' hit the retum key instead of clic!

Description? ..

Hands jpg tton-  Ericsson-Mobile-Phone gif 250 x 152 pixels - 30k
510 x 399 pixels - 18k 490 x 281 pixels - 12k www.phoenixbag com hk/
W, Inencogroup. com/ 256 x 192 pixels - 21k www ashampoo.com/ 014/skins/ product%20catalog
Telecoms_Mobile_phones htmi www jworkers com/d/research/ Encsson-Mobile-Phone. gif mobile%20phone%

s sl i s WS | gk [ [
Figure2.3-18: Results of search for mobile phone for Google. [March 2003]

o

Independent Expert Group on Mobile Phones
Report — Mobile Phones and Health

Summary and Recommendations
Figure2.3-19: Image of file name: Mobile phone report.jpg [March 2003]

There is an advantage in searching images in this way as designers may
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find some inspiration from the range of results. The disadvantage is that
it takes time to go through the search result pages and is therefore not an

effective tool.

2.3.3 Summary

This section showed that the existing image databases retrieve images in
various way. However, they use words which describe tangible features
of the image contents. For product designers, such image databases do
not provide sufficient functions and information. The proposed image
database would fulfil these needs, and unlike a search engine such as

Google, the results it produced will be directly relevant to the designers’

needs.
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2.4
Database and interaction design

This section includes an introduction to databases, principles of interface
design and how a usability test should be carried out. This is intended to
assist in the work on the database development process and to

understand how to evaluate the database.

2.4.1 Understanding Databases

Harvey and Press (1996, p22) explained ‘a database is a collection of
interrelated data organised in a pre-determined model according to a set
of logical rules, which is structured to reflect the natural relationships of
the data and the uses to which they will be put, rather than reflecting the

demands of the hardware and software.’

They stated that the logical structure of a database is of great importance,
and is the responsibility of the researcher or database designer; he/she
does not need to be concerned with the way in which the data is

physically stored.

Database design involves the two related stages of data analysis and
data modelling essential to the creation of correctly structured
databases (Harvey and Press 1996). The procedures are to define the aim
of the project, to define the database specification and selection of
software, the design of the database, and implementation of the database.
Data classification is the main part of this research, and its methods or
techniques depend on the context of the data. Data models are a
collection of conceptual tools for describing data, data relationships and

SO on.

The information needed to build a data model is gathered during the
data analysis. Data analyses are to:
e determine the data requirements of the database in terms of
primitive objects;

o classify and describe the information about these objects;
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¢ identify and classify the relationship among the objects.

Zaiane (1995) indicated that there are three different groups of data
model:

1. Object-based Logical Models

They are characterized by the fact that they provide fairly flexible
structuring capabilities and allow data constraints to be specified
explicitly.

2. Record-based Logical Models

In contrast to object-based data models, they are used both to specify the
overall logical structure of the database and to provide a view level
description of the implementation.

3. Physical Data Models

Physical data models are used to describe data at the physical level.

As describe above, Object-based Logical Models are the models direct
relate with viewers and Record-based Logical Models and Physical Data
Models are invisible structure of how data stored. Also it was mentioned
before that the researcher does not need to be concerned with the way in
which the data is physically stored (Harvey and Press 1996). Therefore,
Record-based Logical Models and Physical Data Models would not be

taking further.

There are two main types of Object-based Logical Models:
o The Entity-Relationship Model
The entity-relationship model is based on a perception of the
world as consisting of a collection of basic objects (entities)

and relationships among these objects. (See Figure 2.4-01)

Attribute
<D Atiributs Catribute ) CAttribute

Entity @— Entity

Figure 2.4-01: A sample of ERM diagram.
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¢ The Object-Oriented Model
A collection of objects which each object has its own unique
identity, independent of the values it contains. An object also

contains bodies of code that operate on the object. (See Figure

Object
Part
@ s Complex
Object
Object
Part

Figure 2.4-02: Semantic model for Object-Oriented database

2.4-02)

For this research, the complexity of an Object-Oriented database with
multiple categories of information is not required. The simpler Entity-
Relationship Model better meets the needs of an image database. This
conceptual model is described in terms of logical components known as
entities, attributes and relationships. An entity is a distinguishable
object that exists and each entity has associated with it a set of
attributes describing it. Relationships exist between entities. Figure
2.4-03 is Harvey and Press's (1996) six-stage approach to entity-

relationship modelling.
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List the principal entities

Identify the relationships
between the entities
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Draw initial ERM diagram |

!

' Investigate problems of initial ERM
: digram and revise data model

l

List the attributes associated with I

each entity and identify keys

:

Construct final ERM diagram l

Figure 2.4-03: Six-stage approach to entity-relationship modelling.
Source: Harvey & Press 1996, p.109

2.4.2 Design principles

The system to be developed in this research will be a web-based database
(see Chapter 6, p.157). The following are processes and principles for
developing a website. During the literature review, most of the web
design principles were found to be very similar. According to Lynch
(2001), user-centred design of web interface design should focus on:

(1.) Clear navigation aids
Clear, consistent icons, graphic identity schemes, and graphic or text-
based overview and summary screens can give the user confidence that

they can find what they are looking for without wasting time.

(2.) Nodead-end pages
Make sure all pages have at minimum a link back to the main "home"
page or a home page link along with links to the other sections of the site.

(3.) Direct access
Users want to get information in the fewest possible steps. This means

that it needs to be designed with an efficient hierarchy of information to
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minimize steps through menu pages. Studies have shown that users
prefer menus that present at least five to seven links and that they prefer
a few very dense screens of choices to many layers of simplified menus.
The following table demonstrates that there is no need for many levels of

menus to incorporate lots of choices:

By i i s 6 7 8 9
36 49 64 81
216 343 512 729

(4.) Bandwidth and interaction

Research has shown that for most computing tasks the threshold of
frustration is about ten seconds. Web page designs that are not well
"tuned" to the network access speed of typical users will only frustrate

them.

(5.) Simplicity and consistency
Users are not impressed with complexity that seems gratuitous,
especially those users who may be depending on the site for timely and

accurate work-related information.

For maximum functionality and legibility, the design should be built on a
consistent pattern of modular units that all share the same basic layout
grids, graphic themes, editorial conventions, and hierarchies of

organization. The goal is to be consistent and predictable.

(6.) Design integrity and stability

Functional stability in any Web design means keeping the interactive
elements of the site working reliably. Functional stability has two
components: getting things right the first time, and then keeping things

functioning smoothly over time.

These guidelines particularly focus on structural issues. Considering
individual web pages, Tetrarch (2002, p.55) said “ The key to good
usability is differentiation. Each element on the screen should be clearly

differentiated so that users know what it is, what to expect and where it
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will lead them. Differentiating items include colours, contrast,

percentage of screen area used, relative size, screen location and

typographic style.”

Galitz (2002) emphasised that Colour can be used as a formatting aid to
assist in formatting a screen and a visual code to identify components or
information. This research aims to provide clear information for product
designers’ use. Usability is as important as the appearance so the use of

colour will be very important for the development of the system.

According to the literature research, the principles of colour use include:

a). White or very pale colours provide the best backgrounds for
legibility and to display graphics (Tetrarch 2002).

b). To draw attention to or to emphasize elements, use bright or
highlighted colours. To de-emphasize elements, use less bright
colours (Galitz 2002).

c¢). To convey similarity, use similar colours (Galitz 2002).

And for fonts:

d). The choice of serif or sans serif font is principally one which suits
the look and feel required for the site (Tetrarch 2002; Lynch 2001).

e). Avoid using text all in upper case, as it requires 10% longer to read

then lower case text (Tetrarch 2002).

Galitz (2002) suggested that presenting information simply and

meaningfully should:

a). Provide legibility—information is noticeable and distinguishable

b). Provide readability—information is identifiable, interpretable, and
attractive

¢). Present information in usable form—translations, transpositions,
and references to documentation should not be required to
interpret and understand information.

d). Utilize contrasting display features—to attract and call attention to

different screen elements
e). Create visual lines—implicit and explicit, to guide the eye

f). Be consistent—in appearance and procedural usage

The above design principles will be applied during the development of
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the system and be combined with web site development principles by
Lynch (2001).

2.4.3 Usability test and expert review

Extensive testing is a necessity for interaction design. Shneiderman
(1998) stated that the evaluation could happen in different stages of
design and it needs to include expected users. Generally, evaluation
methods include expert reviews, usability testing and laboratories,

surveys, or classic experiments.

Expert review is an effective method (Shneiderman 1998, Galitz 2002).
Shneiderman (1998) indicated that there are a variety of expert-review
methods including:

1). Heuristic evaluation: the expert reviewers critique an interface to
determine conformance with a short list of design heuristics;

2). Guidelines review: the interface is checked for conformance with
organizational or other guideline documents;

3). Consistency inspection: the experts verify consistency across a family
of interfaces, checking for consistency of terminology, colour, layout,
input and output formats and so on;

4). Cognitive walkthrough: the experts simulate users walking through
the interface to carry out typical tasks;

5). Formal usability inspection: the experts hold a courtroom-style
meeting, with a moderator or judge, to present the interface and to

discuss its merits and weaknesses.

The cognitive walkthrough method is more appropriate for this study.
Other methods are performed by checking the interface against a short
list of design principles. In the cognitive walkthrough method, experts
simulate users “walking through” the interface to carry out typical tasks
(Shneiderman 1998). This method allows the experts to have real

experience of the system and the evaluation results are more accurate.

Web design for business (2001) suggests that testing the system in

development should be done by a representative group, to understand
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how they use it and what problems need to be addressed. Usability
testing can help inform the designer of features that might be added,
because users find elements of the site difficult to use, or confusing. Web
design for business (2001) suggests that a usability test needs between
five and ten people who are representative of intended users of the site
(and are not familiar with the project) for an hour. These users should be
asked to try to achieve certain goals which are typical of the user goals

the site has been designed to facilitate.

The results of user testing need to be collected along with any
suggestions about how to solve the problems identified. The designer
would need to prioritise those aspects that are critical to the project and

then consider how to address these findings, and consider any solutions

proposed.

2.4.4 Summary

This section has described different database models, guidelines for
interaction design, and methods for usability testing. According to the
review, the Entity-Relationship Model is suitable for the development of
the image database in this study. The database development will also
follow interaction design principles and the database evaluation will be

carried out by means of usability tests.
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2.5
Perception and thinking in action

Understanding the psychology of perception is fundamental to
understanding how designers think and how they perceive images. This
knowledge helps to analyse the designer’s reactions, and this section
focuses on what kind of factors affect people’s perception and how

designers knowledge reflect in their action.

2.5.1 Perception

McKellar (1957) stated that there are two kind of perception called
‘primary perception’ and ‘secondary perception’. Primary perception is
the instance seeing of a table, hearing a bomb fall, and feeling the pain of
being stung by a bee. Secondary perception is the corresponding of
seeing a picture of a table, hearing a sound recording of a bomb falling,
and listening to a description of the event by one who has been stung,

Either perception provides the raw material of the form of thought.

In addiction, Vernon (1962) stated that people notice and perceive
differently; not only are there differences between the perceptions of
different people, but also between the perceptions of the same person at
different times. In Vernon’s view visual perception, learning, memory,
attention, emotion and personality have different levels of effect on
people’s cognition, and it affects the language used. Vernon indicated
that when people cannot identify objects easily, they might think about
their experience in words. Vernon demonstrated that the naming of an
object, even in rather a loose and superficial manner, might affect the

way in which it is perceived at the moment and recollected in the future.

Figure 2.5-01 shows the results of Vernon’s experiment on the effect of
naming on perception. In the tests, the first group were shown the
images which had been given one set of names (e.g. Curtain in a window,
Bottle, etc.), while the second group had the same images with another a
second set of names (e.g. Diamond in a rectangle, Stirrup, etc.). They

were then asked to draw the images from memory and as can be seen the
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reproductions were different.

b ]
Curtains in X Diamond in
a window a rectangle

Bottie Stirrup
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Figure 2.5-01: Effect of naming on reproduction of shapes.

Source: Vernon 1962, p.37

Carroll (1964) achieved the same experiment results as Vernon and
thought that people vary in the degree to which they notice and concern
themselves with the various kinds of attributes that characterize the

things and events of the environment.

Vernon and Carroll’s experiments demonstrated the importance of the
words identifying an image in order to reduce perception differences.
They also indicated the possibility of various keywords for the same
concept. These examples show that perception varies among people,

even when they have similar knowledge and experience.

As Carroll (1964) indicated, individual differences in verbal abilities are
attributed to environmental influences—differential opportunities to
learn language behaviour, and differential conditions of motivational
arousal and reinforcement. He explained that individual differences in
verbal knowledge are clearly related to socio-economic status, amount of

schooling, parents’ occupation, and other variables which can indirectly
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measure opportunity and motivation to learn language.

Language plays a large role in thinking, by facilitating it, allowing it to be
more complex, efficient, and accurate (Carroll 1964). Carroll defined a

concept as an internal representation of a class of experiences.

‘People vary in the degree to which they notice and concern themselves with
the various kinds of attributes that characterise the things and events of the
environment. A forester will be more ready than the average person to notice
differences among various kinds of trees. (Carroll 1964, p. 97)’

Trask (1995) also indicated that variation in language includes
geographical variation, community variation, studying variation, and sex

and gender, which affect the use of vocabularies.

To sum up, perceptions vary between people and the use of language also

affects the result of people’s perception.

2.5.2 Thinking in action

“The ancient Greeks divided thinking into two classes: one, the result of
reflection, episteme; the other one, a result of daily living, doxa.” (Narvdez
2000, p36)

This section focuses on the influence of perception on thinking as well as

its relation to one’s action.

Thinking in general is the result of previous perceptual impressions
organized into arrangements, and the form of these arrangements is
provided either by the original perceptual content or by relationships

abstracted from other perceptual contents (McKellar 1957).

Narviez (2000) proposed that design thinking is a holistic, synergetic,
and continuous whole, shaped according to the designer’s personality
and social influence, which also relies directly on the sensible, expressive,
or communicative abilities required to accomplish an idea. Not only that,
Mackellar suggested that even secondary perception is important in that

it extends substantially an individual’s range of sense experience and
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thus permits thought and imagination to be cumulative.

Unlike other fields of knowledge, design is, as Michael Polanyi stated,
the practice process of unconscious trial and error to success and may
continue to improve without specifiably knowing (Cornock 1986). The
entire process is combination of Schon’s (1985) knowing-in-action and

reflection-in-action.

He indicated that the work of the professional practitioner reveals in its
recognition, judgments and skill, a pattern of tacit knowing-in-action.
Knowing is ordinarily tacit, implicit in the patterns of action and in the
feel for the involved events. Reflection-in-action is the unexpected
outcomes of knowing-in-action and is a subconscious result. Usually
reflection on knowing-in-action goes together with reflection on the
understanding which have been implicit in the action.

Schon (1991) also stated that in professional practice, as a practice
becomes more repetitive and routine, and as knowing-in-practice
(knowing-in-action) become increasingly tacit and spontaneous, the
practitioner may become ‘over-learned’ and miss opportunities to think
about what he is doing. However, a practitioner’s reflection can serve as
a corrective to over-learning; through reflection they think back on a

project they have undertaken and can make new sense of the situation.

Schén’s theory reflects Mckellar’s statements that secondary perception
provides a vase enrichment of perceptual possibilities, and thus
ultimately of the form and content of human thinking (knowing) and
enables an individual to have perceptual experience (reflection) of

objects and events that are remote in space and time.

2.5.3 Summary

In this section, the many factors which effect people’s perception have
been reviewed and this has indicated that the work of professional
practitioners reflects their knowledge and sometimes their subconscious

responses. These findings suggest that analysis of fieldwork (interviews
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and workshop) hold the potential to be highly complex. This will be
resolved by seeking out consistencies in responses which identify

directions and answers.
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2.6
Conclusions

According to the literature review, within the design process, images are
used:
¢ To find directions for design improvements. (Jones 1992)
¢ To assist designers’ visual thinking. (Baxter 1995)
¢ To act as stimuli for idea exploration and as reminders about
people. (RSA Inclusive Design Toolkit 2004)
¢ Tocommunicate with others (Section 2.24)

These points will assist this research in the analysis of interviews with

designers in relation to how images are currently used (see Section

4.1.3.1, p.107).

The elements of the messages conveyed by a product include its brand’s
visual image, the product’s characteristic, its users, the place & occasions
when it is used, and its value (Mooij 1998). The visual elements include
form, size, colour, texture and material (see Section 2.2.2, p.40). These
elements provide the basic information types which can be used to

develop the proposed database.

Vernon (1962) and Carroll’s (1964) experiments in visual perception
show the importance of the association of images with words. The
research into linguistic theory shows the most efficient way of
categorization is prototype theory which is considered as having a
supplementary role to word meanings. Therefore, prototype theory will

be used to assist in classifying descriptive words in the database.

Other findings to be used in this research are:

= Interface design principles (Section 2.4.2, p.72):
1. Clear navigation aids

No dead-end pages

Direct access

Bandwidth and interaction

Simplicity and consistency

Design integrity and stability

SO R NS
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» Perception differences: people notice and perceive differently; not
only the differences between the perceptions of different people, but
also between the perceptions of the same person at different times

will be taken into account (Vernon 1962).

These will be used as principles and supports for the system
development. The advantages and the disadvantages identified in the
survey of current databases will be used to compare them with the

system to be developed.
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Chapter 3
Research methodology

The term ‘methodology’ identifies a general approach to a study topic;
‘method’ refers to a specific research technique (Willig 2001). It is
fundamental to understand the available approaches and methods

before the research taken in action.

Section 3.1 reviews the different research approaches and methods
available in the field. The plan of this research and the choice of research
strategy and methods are explained in Section 3.2; a detailed

explanation of the research methods adopted is given in Section 3.3.

3.1
Review of research methodology

3.1.1 Types of research

Generally there are two different way of classifying types of research. The
first is by whether the research information sought is qualitative or
quantitative. The quantitative-qualitative classification is dependent on
the purpose of the study, how the variables are measured, and how the
information is analysed. Quantitative research is that which examines
phenomenon through the numerical representation of observations and
statistical analysis. Qualitative includes any kind of research that
produces findings not arrived at by means of statistical analysis (Corbin
1990). Qualitative research tends to be associated with words used as
the unit of analysis and there is a strong tendency for qualitative
research to be relatively focused in terms of the scope of the study and to
involve relatively few people or situations. It reflects the preference for
depth of study and the associated ‘thick description’ which only becomes

possible in relation to limited numbers (Denscombe 2003).

The second is classified by the research strategy adopted (Willig 2001
and Densombe 2003):

Surveys:
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Surveys provide empirical research of how things are at the specific time
at which data is collected. The emphasis is on breadth of coverage and
representativeness of the population being studied in order to give
credibility to any generalisations made on the basis of the research.

Case studies:

Case studies focus on one or a very limited number of instances or
examples of a particular phenomenon in order to construct an in-depth
account of what happens or happened during that instance. The
emphasis is on depth rather than breadth of study.

Experiments:

Experiments occur when the subjects (people or social systems) and
conditions (events or situations) to be studied are manipulated by the
investigator. The emphasis is on observation and measurement of
changes and effects, identifying the causal factors and controlling the
factors which might otherwise interfere in the identification of the cause
and effect chain.

Action research:

Action research is designed to deal with a particular problem in a specific
setting. Its purpose is to improve through change. The key elements are
practitioners as researchers, researching their own practice and
introducing and evaluating changes in that practice in a cyclical process
of intervention (or action), evaluation of its impact, revisions to the
intervention, further evaluation, further revisions, and so on until the
practitioner is satisfied with the improvements that have been
introduced

Phenomenology:

Phenomenology is concerned with the ways in which human beings gain
knowledge of the world around them. It identifies different approaches
to human understanding and provides detailed guidance as to how such
superior forms of knowing may be achieved. It is less concerned with
collecting data to enable the researcher to interpret what is happening
and more concerned with describing how the events get interpreted by
those who are directly involved.

Grounded theory:

Grounded theory is inductively derived from the study of the

phenomenon it represents. It is discovered, developed, and provisionally
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verified through systematic data collection and analysis of data
pertaining to that phenomenon. Therefore, data collection analysis and

theory stand in a reciprocal relationship with each other.

These approaches to research are strategic. They are not research
methods. They could be used for either quantitative or qualitative
research depending on the applied research methods and data. Each
strategy could use a number of different research methods such as

questionnaires, interviews, and observations.

3.1.2 Methods of research

The range of basic research methods was surveyed in order to evaluate
the best approach for this project. There are many methods for collecting
data such as the literature review, observation, interviews,
questionnaires, diaries etc (Stone and Harris 1984, Willig 2001,
Denscombe 2003, Kumar 1999, and Leedy 1989).

Literature review

Data comes from different forms of documents, such as books, journals,
the Internet, newspapers, magazines, records, letters, memos, dairies or
government publications and official statistics. It is an easy, generally
inexpensive and essential method.

Observation:
This technique involves watching and recording phenomena as they

occur, Its characteristic is that the information required by the
investigator is obtained directly. It can be used to collect information
about people’s behaviour but it is not suitable for finding out people’s
attitudes and opinions (Stone and Harris 1984).

Interview:

Interviews involve direct questioning of an individual or group of

individuals. They provide information which is varied, in-depth and rich

(Denscombe 2003).

Questionnaires:

There are many types of questionnaires. To qualify as research
questionnaires, they should be designed to collect information which can

be used subsequently as data for analysis, consist of a written list of
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questions, and gather information by asking people directly about the
point concerned with the research (Denscombe 2003). Questions
generally are divided into ‘open-end’ and ‘closed’ questions. ‘Open-end’
questions are those in which the question itself is standardised but the
response is freely worded; ‘closed’ questions structure the answers by
allowing only answers which fit into categories that have been
established in advance by the research (Heather & Stone 1984,
Denscombe 2003)

Diaries:

Diaries can provide rich subjective date but are not widely used because
the method constitutes a challenge in effort for both researcher and
participants who need to maintain a record over an extended period of
time (Willig 2001).

€

Willig (2001) pointed out that there are no ‘right’ or ‘ wrong' data
collection methods. A good research design is one where the data
analysis is appropriate to the research question and where the method of

data collection generates data that is appropriate to the analysis.

3.1.3 Selection of research samples

Leedy (1989) indicated that the results of a search are no more
trustworthy than the quality of the population or the representativeness
of the sample. Sampling procedures are of paramount importance and

become critical as factors in the success of the study.

Basically, there are two kinds of sampling techniques: ‘probability’ and
‘non-probability’. Probability sampling is when the research can specify
in advance that each segment of the population will be represented in the
sample. Non-probability sampling is conducted without such knowledge.

(Denscombe 2003, Kumar 1999, and Leedy 1989)

Probability sampling
1. Random sampling
This approach to sampling involves the selection of people or events

literally ‘at random