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Abstract

Abstract

This dissertation presents a comprehensive process for visualization of interface

metaphor for software. The steps of this process are integrated with the Waterfall
Model of Software Development Life Cycle (SDLC). It mainly focuses on pre-
facto analysis, quantitative and qualitative evaluation of interface metaphor to
be performed during Requirements Engineering (RE). In this, the candidate
interface metaphors are identified within the common knowledge dimensions of
specified users. Commentary of Task Performance (CTP) and Interface Play
Script (IPS) are written similar to a drama script; and then juxtaposed for
capturing the mental model and sensory details of the tasks. The candidate
interface metaphors are classified as coherent and diverse based the
interrelationships coded in the cognitive map. The conceptual structures are further
categorized at different levels as Domain, Conglomerate, Multitudinous,
Singleton (Inanimate, Animate), and Flat Concepts to help in assessing their
potential. Various aspects of the selected candidate interface metaphors are
identified and tuned based on the determinants of software and user. The analysis
of interface metaphor is performed through its corcept-by-concept dissection.
Cross-Domain Mappings (CDMs) are formed between the resonating metaphoric
concepts and software requirements. The dissected conceptual structure is quantified
to identify the Cross-Domain Mappings (CDMs), Unmapped Concepts (UCs),
Unmapped Requirements (URs), Usable Conceptual Bandwidth and
Coverage. After éhis User and Application Domain Lexicons are built to help in
designing the linguistic metaphors to be used in the user interface.
Interdisciplinary Usability Heuristics and Usability Indicators are identified for
the qualitative evaluation of interface metaphor. Quantitative metrics is
provided for quantifying the results of heuristic evaluation. Interface metaphor is
given a tangible form through multimedia rendering. The documents and artifacts
generated through the visualization process are linked with it for corroboration of
results. Usability heuristics are applied and tested on the multimedia rendering. A
Remote Usability Testing method is developed for evaluating the cross-cultural
issues. The interface metaphor is accepted for incorporation in the design of software
after satisfactory clearance through usability evaluations and tests.

10
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Chapter 1
Introduction

Chapter 1. Introduction

This dissertation presents a comprehensive process for visualization of interface
metaphor for software. The steps of this process are integrated with the Waterfall
Model of Software Development Life Cycle (SDLC). This process is designed to
help the interface designers in performing pre-facto analysis and usability
evaluation of Candidate Interface Metaphors (CIMs) in the formative stages of
software development. It also helps the software developers in specifying the
software requirements with full awareness of the proposed interface metaphor
during the Requirements Engineering (RE) stage itself,

User interface provides an effective communication medium between a human
and a computer [Pressman, 2001]. User interfaces are designed with metaphors as
they help you understand one thing in terms of the other [Lakoff et al., 1980]. A
metaphor highlights similarities between the known and the unknown (user
interface). In the context of this dissertation, the term visualization is to be
interpreted as formation of mental visual images. This definition has acquired more

meaning in terms of the recall and imagination of all sensory experiences [Owen,

1999].

Chapter 2 presents the arguments in different categories required for positioning the
problem statement of this dissertation. The present understanding of the
software community about application of interface metaphor is mostly
based on post-facto analysis of successful software products. The researchers
have stated that there isn't adequate guidance available for finding suitable
interface metaphors [Vaantinen, i994] [Smilowitz, 1996] and for carrying out its
pre-facto analysis [Madsen, 1994]. There are several other related issues that
remain to be addressed such as the th2oretical basis for selection of interface
metaphor [Madsen, 1994] [Smilowitz, 1996], the method for.its optimization,
evaluation and its qualitative study [Marcus, 1994, 1998] [Vaantinen, 1994].
Also, there is a need to measure the applicability and potential of a metaphor

11
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Introduction

[Palmquist, 1996] from the perspective of software design. The method for observing
the trade-offs between the design of software and interface metaphor [Yousef,
2001] is needed so that the trade-offs could be regulated. Finally, the seamless
fusion (the integration) of form (the interface metaphor) and function (the
software) is extrer_nely important [Gaver, 1995]. Poovaiah [1994] has highlighted the
need of conceiving the design process of interface as a temporal process in terms
of an interaction across time; as an organization of its various elements. All these
issues together indicate that the process for visualization of interface metaphor
needé to be defined. This chapter also sets the objectives, defines the scope of work
and the limitations of this research. The thesis presents a structured process for
visualization of interface metaphor. It also shows how the steps of this

process are integrated with Software Development Life Cycle (SDLC).

The important steps of the proposed process are discussed from chapter 3 onwards.
Chapter 3 focuses on how to identify, classify, categorize, assess and then
select the candidate interface metaphors. The first section of this chapter brings
out how the candidate interface metaphors can be identified based on the common
knowledge dimensions of specified users. It explains the trilogy of knowledge
dimensions between the user, the interface metaphor and the software. Initial
identification of candidate interface metaphors begins by ensuring the availability of
existing knowledge with the specified users. This section broadly outlines the
dimensions of knowledge in terms of professional, educational, day-to-day,
cultural and miscellaneous; which help in selecting the candidate interface
metaphors. If the knowledge dimension of a candidate interface metaphor is not
matching with the knowledge available with users then it is rejected.

The second section of chapter 3 provides a technique for identification of
candidate interface metaphors. It begins by explaining unmanifested and
manifested states of interface metaphor. In this, Commentary of Task
Performance (CTP) and Interface Play Script (IPS) are written similar to a
drama script. These are juxtaposed and compared to reveal the candidate interface
metaphors. This technique captures the mental model of users associated with the
tasks taken up for computerization. It mainly captures the sensory details of the

12
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task, which are most essential for visualization of the interface metaphor. These
include visual, spatial, verbal, auditory and tactile details familiar to the user.
Commentary of Task Performance (CTP) and Interface Play Script (IPS) also provide
the justification for selecting a particular candidate interface metaphor. This
technique is more useful for software projects that focus on computerization of
existing processes. It helps in seamless braiding of user’s model, user
requirements and design model.

The third section of chapter 3 shows how the candidate interface metaphors can be
categorized in terms of animate and inanimate entities. The candidate interface
metaphors are classified as coherent and diverse based the interrelationships

coded in the cognitive map.

The fourth section of chapter 3, shows how the potential of an interface metaphor
can be assessed based on its conceptual structure. It helps the user interface
designer in guessing its coverage as against the requirements of software. The
candidate interface metaphors are further categorized at different levels in the
conceptual structure. These are termed as Domain, Conglomerate,
Multitudinous, Singleton (Animate, Inanimate) conceptual structures and

Flat concepts.

Identification, classification, categorization and assessment constitute the
sequential steps of the selection process of candidate interface metaphors.
These are to be performed during the Requirements Elicitation stage of software.

Chapter 4 presents the aspects of interface metaphor and the determinants
for their tuning. The aspects of interface metaphor such as perspective, focus,
field of view, flavor, tone, affordances, fusion and multimedia
representations can be tuned to synchronize with the respective determinants.
The tuning of interface metaphor helps in choosing the right approach for satisfying
the usability objectives and usability requirements of software. We have termed

the sensation of similarities between the reference and application domains as

conceptual resonance.

13
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Chapter 5 preserits a technique for analyzing the selected candidate interface
metaphors. It provides detailed examples of dissecting the coherent, diverse and
animate interface metaphors. It proves the possibility of dissecting the interface
metaphor concept-by-concept; and forming the Cross-Domain Mappings (CDMs)
between the reference and application domains. Dissection of coherent and diverse
interface metaphors reveals their unique characteristics. In case of diverse interface
metaphors, the conceptual proximity and alignment between core and
supporting metaphors, cooperative and incoherent integration types are
explained. Dissection of an animate metaphor shows how the behavior of
software can be conceptualized on the basis of traits and actions. This technique is
extremely helpful in foreseeing the missed out and hidden software
requirements. It also helps in identifying the skills and efforts required for the
design and development of interface metaphor. This chapter introduces new terms
like Unused Concepts (UCs), Unmapped Requirements (URs), Dissection
Termination (DT) and Terminus Concept, which are helpful in interpretation of
results. The dissection of interface metaphor provides objective basis for
estimating its coverage and optimization.

Chapter 6 shows how the coverage of the candidate interface metaphors is
quantified. 1t also helps in measuring the extensibility of the candidate interface
metaphors for the present and future versions of the software. The quantitative
evaluation technique provides definite parameters for comparing the two or more
candidate interface metaphors. 1t also identifies the weaker traits of the software
from the perspective of animate metaphor for further improvement. The quantitative
evaluation also enables the user interface designer in monitoring and regulating
the trade-offs between the software and interface metaphor. These are mostly in
terms of re-sequencing and re-structuring of software requirements as per the
conceptual structure of the interface metapnor. The quantification technique provides
several insights into overall conceptual structure of interface metaphor.

Chapter 7 presents a technique for building User and Application Domain
Lexicons. Fusion of User Domain Lexicon (UDL) and Application Domain

Lexicon (ADL) helps in designing the linguistic metaphors for user interface.

14
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Formats for building UDL and ADL are designed to integrate unique aspects of
domain specific terms and phrases. Special attention is given to context of
application and mental models associated with the user vocabulary, which helps in
revealing the tacit knowledge of users. These lexicons are very helpful in not only
reinforcing the main interface metaphor but also in capturing the vocabulary of
users. User Domain Lexicon (UDL) can be developed further beyond the confines of
a software project.

Chapter 8 provides the Usability Heuristics of interface metaphor. We have
identified the 8 major heuristic criteria namely Familiarity, Representability,
Similarity, Extensibility, Compatibility, Co-operability, Cognitive Ergonomics
and Feasibility for qualitative evaluation of interface metaphors. Furthermore,
there are 23 sub-criteria and 41 Usability Indicators identified for ensuring the
usability of interface metaphor. The objective basis for evaluation is also indicated
for each criterion. It is proposed that the pre-rendering evaluation of interface
metaphor may be performed before taking it up for multimedia rendering.
Quantitative metrics is also provided for quantifying the results of qualitative

evaluation.

Chapter 9 shows how interactive multimedia can be used for design, rendering
and usability testing of interface metaphor. The proposed application of
multimedia integrates all the documents and artifacts generated through
the visualization process. It allows the interface designer, software developers
and users to refer, compare, crosscheck and corroborate the linked information.
The muitimedia rendering of interface metaphor reveals several hidden software
requirements and usability problems related with it. It enables the software
designer in foreseeing the implementation issues. It can maintain the record of
all evolutionary stages of visualization along with the reasons of
modifications. The user interface designer can test the interface metaphor over the
specified users and fix the usability problems. Multimedia rendering of interface
metaphor can produce several interface components in terms of graphics, layouts,
animations, sounds, and the scheme of interaction design. These can be incorporated
in the final software. A remote usability testing method is also developed for
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testing the cross-cultural aspects. It involves the users from diverse geographic
locations in the testing process.

Chapter 10 shows how the steps of visualization of interface metaphor can be
integrated and synchronized with SDLC. It synchronizes the steps of
visualization with the steps of Requirements Engineering (RE) process; such as
Requirements Elicitation, Analysis and Specification. The visualization process
of interface metaphor is to be completed just before the Requirements Specification
stage. It helps the software designer in designing the software with adequate
understanding of the final user interface.

After this the conclusions, the major contributions of this dissertation and future
research extensions are documented.

Figure 1.1 on next page presents the structural diagram of the dissertation.
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Chapter 2. Problem Identification

2.1 Literature Survey

The topic of this dissertation is highly interdisciplinary and it touches upon diverse
domains such as Software Engineering, Cognitive Science, Semiotics,
Linguistics, Visual Communication and Multimedia Visualization. The principle
of cognitive science emphatically endorses the effectiveness of multidisciplinary
approach to address real problems and to benefit from it [Carroll, 2002]. This topic
of research belongs to the new emerging discipline called Human Computer
Interaction (HCI). It is based on the study of research publications mostly from
diverse technical journals and magazines like ACM Interactions and Communications
of the ACM, Human Factors in Computing, Man Machine Studies, IEEE Software and
SIGGCHI Bulletin. These have regularly covered interdisciplinary articles and papers
related to the topic of dissertation. Large number of research papers from the
proceedings of international conferences such as Computer Human Interaction (CHI)
and HCI International are studied. Most of the journals and conference proceedings
were accessed from IEEE and ACM Digital Libraries. The study also includes research
papers from a variety of other sources such as Journal of Educational Multimedia and
Hypermedia, Journal of Computer Documentation, Journal of Human Computer
Studies, etc. There are several other sources like ISO standard for usability and

electronic proceedings of a variety of conferences. These are appropriately cited
during the deliberations and enlisted in the list of references.

The research papers, articles and books authored / edited by the most notable
researchers in the domain of HCI are studied. These include HCI experts like Aaron
Marcus, Brenda Laurel, Jacob Neilson, Thomas Erickson, John Carroll and Keran
Holtzblatt. We have also studied the works of George Lakoff (Cognitive Linguist),
Donald Norman (Cognitive Psychologist). These are appropriately cited while
positioning the problem statement of the dissertation.
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2.2 State-of-the-art
The research on interface metaphor during 1981-1990 broadly covered its
emergence, benefits, understanding of how it works and applications. Whereas, the
later part of research during 1991-2005 raises the problems, issues and gaps in the
process of development of interface metaphor. This is a very broad categorization
based on prominent trends of the research publications on interface metaphor.

The first Graphical User Interface (GUI) that used menus, buttons, icons and mouse
pointer emerged in 1981 from Xerox Palo Alto Research Center (PARC). It was used
as part of the 8010 Star Information System designed for business professionals who
handled information. Star’s GUI represented the typical office environment in the
form of Desktop metaphor. The success of Desktop metaphor captured the interest
of user interface researchers [Johnsan et al., 1989]. This indeed was the beginning
of cautious use of metaphor as an integral part of user interface. It proved that
interface metaphor could capture the mental model® of users [Erickson, 1990]. It
inspired further research initiatives on interface metaphor and applied cognitive

psychology [Johnsan et al., 2000] for improving the effectiveness of user interface.

But the Xerox PARC was not the first to use metaphors. Metaphors have been
expressed through language since ages. Metaphors are pervasive in everyday life of
humans. We commonly use them for understanding one thing in terms of the other
[Lakoff et al., 1980]. If you look at the history, the writings in ancient religious
scriptures and iconography are quite metaphorical in nature. Nydyasiddhant
Muktdvali of Vishwanathanyayapanchanan [17'" Century A.D.] provides the definition
of metaphor in Sanskrit (an ancient Indian language) as below.

afgae |f agTaE e wgwe |

It can be translated as- being different from each other X and Y share many same
properties. Humans have always used metaphors as the tool of innovation, creation
and communication [Richard, 1941][Gasset, 1925] [Mountford, 2000]. However, the
success of Desktop metaphor resulted in several articles and research publications

! The gut feeling based. on experience used to understand the functionality or behavior of system (Dix et al.,
2004).
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that attempted to define the role, the cognitive model and advantages of using the
interface metaphor.

The present understanding of interface metaphor broadly

covers following points-

= It serves as a ‘cognitive mediator’ [Laurel, 1993] or a
‘cognitive ploy’ [Palmquist, 1996] for ensuring
effective user-system communication [Kass, 1988].

* It provides a conceptual model to users for predicting
the functionality of a system [Norman, 1988].

* It can incorporate the features of real world into the
computer application [Neilson, 1994].

» It can help in determining the presentation and
behavior of software [Brad, 1990].

« It also enables the users to start learning from what is
already known and familiar to them [Erickson, 1990].

= It superimposes essential similarity (between the
software and real world) through visuals (words and
images) or through acoustic or tactile means. It also
represents the mental models through navigation,

tasks and roles [Marcus, 1998].

With the faster insertion of information technology across the world, usability of user
interface became the focal area of research. The trends of research in Human
Computer Interaétion (HCI) accelerated in the year 1990 [Carroll, 2002]. User
interface became a basis for the product’s usability and commercial success [Marcus,
1995]. Naturally, the use of interface metaphor is now considered most inevitable
[Chen. 2002]. In summary, the interface metaphor continues to be an
important area of research in the 21% century [Marcus, 2002].

The next section of this chapter identifies the requirements, gaps and problems

pertaining to application of interface metaphor in software products.
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2.3 Gap Analysis
At the outset of this dissertation, the principal differences between linguistic
metaphor and interface metaphor are discussed. Arguments highlighting problems
and issues pertaining to interface metaphor are categorized in terms of pre-facto
analysis and evaluation, design and integration in software and usability

testing.

2.3.1. Linguistic Metaphor and Interface Metaphor

Traditionally, metaphors were considered to be full sentences and more recently they
have been identified in grammatical components, words, phrases, poems and literary
passages [Wilcox, 2001]. As per Lakoff et al. [1980] metaphor is part of your
thinking and therefore it is expressed through language. Much later, Chandler [1997]
has stated that most metaphors are visual at the core. Clair [2000] states that
Modern Western European ways of thinking is influenced by print culture that tends
to use verbal metaphors; whereas the cultures with oral traditions use visual
metaphors. The research performed by cognitive linguists [Moser, 2000] has
dominated the prevailing theories of interface metaphor. As per our observation,
linguistic theory is not fully applicable to interface metaphors. Therefore,
linguistic metaphor and interface metaphor are compared in Table 2.1 to bring out

their unique characteristics.

Table 2.1 Comparison of Linguistic Metaphor and Interface Metaphor

Linguistic Metaphor

Interface Metaphor

It relies on lexical representations. A
word itself is a representation of a
concept. Using it metaphorically to
map with yet another concept makes
it very indirect and complex.

it can be mapped at the conceptual
level for shaping the functional and
behavioral aspects of interface. It
can be represented through visual
(static and animated), auditory,
spatial, and tactile representations.
It is much more direct.

The application is brief, abstract and
open to interpretation.

It provides a large conceptual
structure.

Major part of the meaning remains
implied.

Mostly the concepts within an
interface  metaphor are cited
explicitly.

The application is generally very
spontaneous.

The design process needs to be in
compliance with the software
engineering process. It has to be
very methodical.

Linguistic metaphor has a
momentary impact. However, the

The interface metaphor stays with
the users for as long as they use the
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resultant understanding is retained. software. The acceptance and

success of a software product is

attributed to its user interface.

s It works according to the grammar | = No grammar or rules are defined.
and rules of language.

This comparison highlights the need of evolving more focused theoretical basis for
use of interface metaphors.

2.3.2. Multi-sensory Experience
The linguistic dependence of metaphoric expressions in olden era was due to lack of

multimedia technology. We can add further to what Lakoff [1980] has said,
metaphors in our thought can be manifested through not only language but
also through ‘visual’ and ‘audio’ media. In addition, the software offers
‘interactivity’ as another powerful dimension. As per Clair's theory [2000],
interface metaphors are more closers to oral cultures that use visual
metaphors. Metaphoric expressions rendered through muitimedia can be far more

expressive and experiential.

2.3.3. Pre-facto Analysis and Evaluation
The cognitive model* (Norman, 1980) of interface metaphor is primarily based on

post-facto analfsis of software products. There isn't adequate guidance available
for user interface designers to help in finding suitable interface metaphor [Vaantinen,
1994] [Smilowitz, 1996]. Many interface designers carry out user trials [Moll-
Carrillo, 1995] on the randomly chosen interface metaphors. They face difficulty
in selecting a metaphor due to lack of the theoretical basis for its qualitative
study [Madsen, 1994] [Smilowitz, 1996]. The techniques for pre-facto analysis
of interface metaphor [Madsen, 1994] are necessary. The criteria for
evaluation of metaphor, the method for its optimization and integration in user
interface has to still emerge [Marcus, 1994, 1998] [Vaantinen, 1994]. Also, there is
a need to measure the applicability and potential of a metaphor [Palmquist,
1996] from the perspective of software design. In some situations, multiple
metaphors are needed in the same software. The method should guide how mixed

2 Cognitive model defines the processes of understanding in humans.
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or composite metaphors can be evaluated and applied in the user interface
[Vaantinen, 1994]. Hudson [2000] while suggesting alternatives to some existing
metaphors from the Desktop of Microsoft Windows does not mention the analysis of
both the existing metaphors and the suggested alternatives. Hedberg [1992]
stresses on evaluation of interface metaphors but does not mention how to do it.
These arguments highlight the strong need for evolving a method for pre-

facto analysis and evaluation of interface metaphor.

2.3.4. Design Process
Many times, we have experienced that interface metaphor has influenced the design

of software and vice versa. Interface and software designers have not been able to
control this phenomenon. This demands a method for observing the trade-offs
between the design of software and the interface metaphor [Yousef, 2001] so that
they can be monitored. Seamless fusion of form and function is extremely
important [Gaver, 1995] but it can be achieved only if interface metaphor and
software design are integrated during conceptualization. This can be achieved only if
the interface metaphor is visualized in the formative stage of software design. If the
interface metaphor is introduced after the software is developed then it merely
leaves cosmetic effect on the interface. This restricts the user interface designer
from expressing it effectively. Poovaiah [1994] has also highlighted the need of
conceiving the design process of interface as a temporal process in terms of an
interaction across time; as an organization of its various elements. As stated by
Carroll [2002], HCI design will have to be external to the engineering process but the
design process has to comply with it for effectiveness of integration with

functionality.

The software engineering process [Pressman, 2001] does not provide any
defined steps for interface metaphor design. It only makes a general mention of
interface design and prototyping. The standard interface guidelines [Apple, 2004],
[Microsoft, 2004] do not give coverage to interface metaphors. The Waterfall
[Pressman, 2001] or Spiral Models [Boehm, 1988] of SDLC also do not present any
defined steps for interface metaphor design. As computers are moving from
al tools to consumer products, defining a process for design and

profession
integration of interface metaphors becomes most essential [Marcus, 1993].
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2.3.5. Testing the Usability

It is observed that some interface metaphors are subjected to varied connotations
due to diverse cdltural backgrounds of users. Therefore future research needs to
explore further the cultural diversity of metaphor and its impact on communication
[Marcus, 1994] [Duncker, 2002]. No method is defined for ensuring whether one has
successfully captured the mental mode! of users or not. Conducting the usability
tests over geographically distributed locations and the cost of setting up
usability labs are the major prohibitive factors (Redish, 2002). This demands a
new method and a far-reaching mechanism for the usability testing of

interface metaphor.

2.3.6. Scope and Objectives of Research
Following gaps pertaining to interface metaphor can be summarized that need to be

addressed on priority. The summary also defines the scope of research. The chapter
numbers of the dissertation are also indicated in front of each problem where the
solutions are provi.ded.

= How to select the candidate metaphors? (Chapter 3)

s How to optimize the interface metaphor? (Chapter 4)

= How to analyze the interface metaphor? (Chapter 5)

» How to use composite metaphors and evaluate them? (Chapter 3 & 5)

= How to measure the potential of interface metaphor? (Chapter 6)

« How to track the tradeoffs between the design of software and interface

metaphor? (Chapter 6 & Chapter 7)
= How to evaluate the usability of interface metaphor? (Chapter 8 & Chapter 9)
=« How to design the interface metaphor? (Chapter 9)

s How to synchronize the analysis, evaluation and design of interface metaphor
with software engineering process? (Chapter 10)

Analysis, evaluation, design, rendering and usability testing are part of the

visualization® process of interface metaphor. These steps need to be synchronized

with the software engineering process.

3 The term ‘visualization’ refers with its classical definition, which is as follows: the formation of mental
visual images, the act or process of interpreting in visual terms or of putting into visual form. This
definition has acquired more meaning in terms of the recall and imagination of all sensory experiences

[Owen, 1999].
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Following problem statement is derived as an outcome of the discussion so far. It
also precisely captures the objective of proposed research.

It is proposed to define a method for visualization of interface metaphor
and integrate the steps of this process as part of Software Development Life
Cycle (SDLC).

2.3.6.1. Limitations of Research

Each of the points summarized while defining the scope can be topics of independent
research. However, we propose to define them as steps of entire visualization
process of interface metaphor. Our objective is to facilitate the overall process.

Sensory Design

Representations
Conceptual Structure

Figure 2.1 Physic of Interface Metaphor
As far as possible, we have confined the scope of dissertation to the
conceptual structure® and the representations of interface metaphor, as
both are contiguous and objectively definable. Sensory design is not covered,
as there can be infinite design possibilities and subjective opinions about whether it
is likable or not. Following are the other limitations of this research-

1. It cannot directly provide the most suitable interface metaphor for the
proposed software. But it provides objective basis for classification,
categorization, assessment, analysis and evaluation of the interface
metaphors.

2. It does not directly provide the proof of correctness while designing the
interface metaphor. Proof of correctness can be found only in terms of the
acceptance and satisfaction of users. This work provides Usability
Heuristics for ensuring the correctness (usability) of interface metaphor.

3. The visualization process proposed in this dissertation is applicable for only
those software applications, which are meant for common users.

4 Hierarchical organization of abstract ideas
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2.4 Choice of Terminology

Linguistic theory of metaphor uses following terminology-

A metaphor consists of two main parts: the tenor and the vehicle [Richards, 1936].
The tenor is the subject to which the metaphor is applied. The vehicle is the
metaphorical term through which the tenor is applied. These two parts come
together to reach a point of similarity known as a ground. For example, a
metaphoric statement is given below.

‘Senior citizens are like the pillars of our society.’

In the above statement, ‘Senior citizens’ is the tenor and ‘piliar’ is the vehicle.

Sanskrit grammar uses following terminology.
I (Upameya) = Tenor IgHTA (Upaman) = Vehicle

lhe semantic relationship between the tenor and venicle is generally not explained n
the linguistic application of metaphors. It is kept implied and open for interpretation.
As shown in table 2.1, the interface metaphor is usually presented in an expanded
manner. The similarities are cited quite explicitly throughout the interface. Entire (as
applicable) conceptual structure of the interface metaphor is unfolded before the
users. Therefore, the terminology that can encompass the multiplicity of

concepts in the interface metaphor is required.

Considering the multiplicity of concepts associated with the interface metaphor, we
are choosing to call ‘tenor’ as application domain® and ‘vehicle’ as reference
domain®. Also, we will be addressing ‘similarities’ as similarities only. ‘Tenor’ and
wwehicle’ could still be used while discussing a particular similarity between

application and reference domains.

Several existing terms are used in the deliberations hereafter. In places where
terminology is unavailable, new terms are introduced with proper explanation. These

are indexed in Appendix M.

5 Application domain is the software for which the user ?nter.face is being designed.
6 Reference domain is the other entity with which the software is being compared.
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2.5 Methodology

We have applied both quantitative and qualitative evaluation methodologies (as
applicable) while measuring the potential, coverage and usability of interface
metaphor. The techniques proposed in this dissertation are used as part of live
software projects. The conclusions are substantiated through scientific
documentation of results. Numerous existing applications of interface metaphors are
studied for analysis. Samples of actual user profiles, artifacts, usability tests and
reports are documented. Comparisons with the existing knowledge of metaphor are
provided wherever applicable for differentiating and highlighting the uniqueness of
our work.

27



)

Chapter 3

3.1 Identification Based on Common Knowledge

Chapter 3. Selection of Interface Metaphor

As discussed in Chapter 2, there is unavailability of adequate guidance for finding
suitable interface metaphors [Vaantinen, 1994] [Smilowitz, 1996] and for carrying
out the pre-facto analysis [Madsen, 1994]. In this chapter, we have defined the
process for selection of candidate interface metaphors. It involves following
important steps-

= Identification (Explained in section 3.1-and 3.2)

« (Classification (Explained in section 3.3)

« Categorization (Explained in section 3.4)

» Assessment of potential (Explained in section 3.4)

= Selection or rejection (Explained through sections 3.1 to 3.4)

3.1 Identification Based on Common Knowledge

3.1.1. Dependence on Existing Knowledge
‘Match between system and the real world’, the well-known heuristic of interface

design by Neilson et al. [1990], leaves the interface designer exploring the candidate
interface metaphors all over the world. The real world metaphors invoke the existing
knowledge of users. But this idea is not entirely new; as per the ancient Indian Vedic
literature metaphors are always conceived out of Vastu (entities having existence in
our world) [Jha, 1998]. The scope of searching for metaphors in the real world is
very vast. As a result, the interface designers have employed spontaneous /
unstructured approach for exploring the candidate interface metaphors. They have
been spending a lot of resources on random exploration and endless user trials

[Moll-Carrillo, 1995].

Initially, the software procedures are unknown to the users. In such situation, they
are left with no option but to use their existing knowledge for anticipating the
functionality of so'ftware: But it can be applied only if the user interface is designed
with appropriate interface metaphors. It offers familiar clues to help in the
comprehension of software functionality. The metaphor bridges the gap between the
known (existing knowledge) and the unknown (new software procedures). The
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discussion so far clearly shows that the cognitive model of interface
metaphor mainly depends on the users’ existing knowledge. Therefore,
defining the existing knowledge of users could indicate the logical direction

for exploring the candidate interface metaphors.

As per Edvinsson et al. [1997], existing knowledge can be categorized in terms of
explicit and tacit knowledge. The tacit knowledge is very hard to formalize. Contrary
to spontaneous/ unstructured approach of Hudson [2000] and endless user
trials mentionegl by Moli-Carrillo [1995], it is preferred to explore the
candidate interface metaphors within the specific knowledge dimensions

already available with users.

3.1.2. Trilogy of Knowledge Dimensions
Users accumulate their knowledge from various sources like education, profession,

day-to-day life, religion, nature and several miscellaneous activities. This knowledge
is applied quite instinctively while deciphering the interface metaphor. As shown in
Figure 3.1, any new software demands certain type of pre-requisite knowledge that
may or may not be available with users. For example, the schoolteachers are often
given multimedia-authoring tools for development of Computer Based Training (CBT)
programs. Most of them have adequate expertise in the topic they teach but they
may not have any knowledge or skill of using multimedia-authoring tools. This is a
universal situation and it requires use of interface metaphors.

Knowledge required for the comprehension
of Candidate Interface Metaphor (CIM)

Existing knowledge

Knowledge required for the
of users

understanding of software

Software Training / Non Acceptance

Figure 3.1 Trilogy of Knowledge

29



Chapter 3
3.1 ldentification Based on Common Knowledge

The trilogy of knowledge shows that at least X and Y coordinates must be matched,
as Z may not be under your control. For this purpose it is necessary to identify the Y
coordinate well in advance.

3.1.3. Stratification of Users
For a given software project, users must be stratified” on the basis of parameters like

age, gender, computer awareness, profession, education, economic status,
geographic location, culture, etc. Such stratification helps in finding the most
common knowledge dimensions among the users. An example is given in Appendix

Al.
User TR~ —

Common Knowledge Dimensions

Knowledge
Domain

Figure 3.2 User profiling for finding the common knowledge dimensions

3.1.4. Broad Definition of Knowledge Dimensions
Through the study of user profiles, we have broadly defined only five knowledge

dimensions as given below. The explicit forms of knowledge are arranged at the top
of the list. As you go down the list, it is more of tacit knoWledge.
A. Professional
B. Educational
C. Day-to-day
D. Cultural
E. Miscellaneous
Definitions of knowledge dimension and knowledge domain are given below.
» Knowledge Dimension
These are broadly defined sources of users’ existing knowledge. Each
dimension of knowledge encompasses various knowledge domains.
« Knowledge Domain
1t is a well-defined sphere of knowledge.

7 Horizontal status groups of society. Parameters of stratification can be defined as required.
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The knowledge dimensions starting from A to D are more relevant for interface
metaphor design. All other knowledge domains are clubbed under E, as they are very

uncommon and unpredictable.

As shown in Table 3.1, actual data needs to be filled under the column of every
knowledge dimension. We have presented the data of three different software
projects to show how the most common knowledge dimensions can be identified. The

common aspects are underlined.

Table 3.1 Identification of Common Knowledge Dimensions & Domains
(Refer the knowledge dimensions indicated as A to E in 3.1.4)

Projects | A. B. oF . D. E.
Dnyaneshwari | Not possible | Different * Middle class and Hindu Not
CD ROM to define levels of above Marathi culture | possible to
[Katre, 1999] education * Knowledge of Maharashtrians | define
Marathi Language
* Mostly living in
Maharashtra state and
small proportion of
them living in other
parts of world
3D Watershed | Professions Majority of | Rural Maharashtrian A mix of Not
Game related to users are | Lifestyle different possible to
(Appendix Al.) agriculture illiterate religions define
Mercury, Doctors Medical Middle class and Diverse cultural | Not
Telemedicine Education above backgrounds possible to
Software define
Dnyaneshwari 3D Watershad Mercury,
CD ROM Management Game Telemedicine
Software

Figure 3.3 Gradation of knowledge dimensions based on commonality
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Figure 3.3 shows how the predominance of knowledge dimensions vary depending on
the type of users. The dense and darker portion of the vertical stripe conveys the
commonality of the knowledge dimension among the stratified users. The gradual
dithering of density indicates the non-commonality of the knowledge dimension
among the stratified users. For Dnyaneshwari CD ROM project, the interface
metaphors are chosen from D and C knowledge dimensions. For 3D Watershed game
project, the interface metaphors are chosen from C and A dimensions. Original data
source of stratification for this project is provided as an example in Appendix Al. For
Telemedicine projéct, the interface metaphors are chosen from A, B and C knowledge

dimensions.

3.1.5. Comprehension Based on Knowledge Availability
Each knowledge dimension is briefly explained in the following paragraphs, as the
possibility of comprehension of the interface metaphor varies depending on its
knowledge dimension. It is indicated in terms of high, medium and low.

Appropriate examples are presented in Appendix A.

Professional and educational knowledge dimensions are discussed together as they

are related to each other.

3.1.6. Professional and Educational Dimensions

Users belonging to a stratified group have similar professional and educational
backgrounds. They share common mental models® [Johnson-Laird, 1980]. This does
not require evidence, as a professional is able to work with different companies
operating in the same domain. Persons with similar background from different parts
of world can immediately discuss their professional topics. But it is possible that
some users may not have educational and professional backgrounds in the same
area. Such exceptions may be considered based on their predominance in a stratified
group. A  detailed example of the cognitive structure based on
professional/educational knowledge is presented in Appendix A2.

Examples of interface metaphors with professional and educational

knowledge dimensions:

8 The gut feeling based on experience used to understand the functionality or behavior of system [Dix,
Finlay, Abowd and Beale, 2004].
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Spreadsheet metaphor used in Microsoft Excel software, Desktop metaphor of
Macintosh OS, Typewriter metaphor of MS word

Inscript Typing Tutor (Refer Appendix L.) usés ‘classroom’ as interface metaphor as
it is designed for school children.

The present research documentation nowhere mentions that these
metaphors were chosen based on the professional / educational knowledge
dimensions. This observation is made during the survey of various

applications.

Possibility of comprehension:

Basic terminology, concepts, processes, instruments, materials and hazards of a
particular profession are common to professionals like engineers, doctors, architects,
designers, etc. It is because they are exposed to standard knowledge through
training programs. The fundamentals of a prdfessional domain do not vary. Therefore
the possibility of comprehension of interface metaphors based on professional or
educational knowledge is very high.

3.1.7. Day-to-day Dimension
This type of knowledge is acquired from daily walks of life. The common know-how

that we develop as a patient, a bank customer, a passenger, a citizen or an
employee can be defined and modeled. Though the objectives and processes in
common life are similar, the lifestyle is different depending on the geographic and
economic conditions. A detailed example of the cognitive structure based on day-

to-day knowledge is presented in Appendix A3,

Examples of interface metaphors with day-to-day knowledge dimension:
Book metaphor of Adobe Acrobat (refer Table C1 in Appendix C), Mailbox metaphor

of e-mail browsers, Planet metaphor of SABRE rely upon day-to-day Knowledge of

users.

The appearance of environment and objects differ based on geographic and
economic conditions. For example, browser of SABRE (one of the largest Travel

33



»

Chapter 3

3.1 Identification Based on Common Knowledge

Agency in USA) provides different mailbox icons to account for national differences
[Marcus, 1998]. Marcus has presented this case from the viewpoint of cross-cultural
acceptability but his paper does not explain about the use of day-to-day knowledge
dimension associated with the mailbox metaphor.

Possibility of comprehension:

Day-to-day knowledge may be very superficial but the basic concepts are usually
common to a stratified group of users. Everyone is aware of products of day-to-day
use but they may not look the same in different geographic regions. Their
appearance can be different based on the local taste and prevalence in the specific
geographic location. Such interface metaphors generally need to be localized® to
account for geographic and economic differences. Therefore the possibility of
comprehension of interface metaphors based on day-to-day knowledge is at
medium level. It can be pushed to high level through localization of interface
metaphor.

3.1.8. Cultural Dimension
Cultural knowledge is very diverse as it depends on traditions, religious and linguistic

aspects. Interface metaphors based on cultural knowledge are likely to be
misinterpreted or not understood by users from different cultures. User interface
designers should be able to isolate such metaphors for testing their cross-cultural

applicability. A detailed example is presented in Appendix A4.

There can be a slight overlap between the day-to-day and the cultural knowledge.
Day-to-day knowledge should be confined to the activities of daily life. The cultural
knowledge may be restricted to religion, traditions and language. The boundaries of
both knowledge dimensions get diffused in case of illiterate villagers.

Possibility of comprehension:
Interface metaphors with cultural dimension are understandable to a specific

community only. Users who belong to another cultures may or may not understand

9 Localization pertains to the representation of global technology into particular cultures, local markets or
“locales” [Hall, 1997]. This includes the use of local (native) languages, and the design for local customs,

beliefs, conventions and practices. [Duncker, 2002].
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such interface metaphors. Therefore the possibility of comprehension of such
interface metaphors can be very high for a defined set of users; and at the same
time it can be extremely low for other type of users.

3.1.9. Miscellaneous Dimension
This dimension of knowledge differs from person to person and is highly

unpredictable. Miscellaneous knowledge includes domains like hobbies, topics of
individual pursuit, etc. It can be useful in rare applications that are designed to
address very specialized groups of users.

3.1.10. Reach of Interface Metaphor

Table 3.2 shows the reach of interface metaphor based on each knowledge
dimension. The column entitled ‘Reach’’? indicates the applicability of metaphors.

Table 3.2 Reach of Metaphor based on Knowledge Dimensions

Knowledge Dimensions Reach

A. Professional Global users
B. Educational
C. Day-to-day

National or regional level users
(Localization as applicable)
Community specific users
Special group of users

D. Cultural
E. Miscellaneous

The reach of metaphor narrows down depending on its knowledge dimension. Table
3.3 shows how the definition of knowledge dimensions has helped in the selection of

suitable metaphors.

Table 3.3 Software Projects and Interface Metaphors

(Refer the knowledge dimensions indicated as Ato E in 3.1.4)

Software Projects Users Knowledge | Interface Metaphor
Dimensions
Mercury, Telemedicine Doctors A,BandC Clinic, Operation Theatre,
Software Light box, etc.
QuickMM Album Author Videographers, B Album
[Katre, 2001] Photographers,
general users
k
ATAN: Virtual Museum Curators A,BandC Museum, regi;ter, qhec

;ullder [Katre et al., approve, publish, withdraw
2004b]}

19 Capacity to establish communication with users.
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Dnyaneshwari CD Title Devotees, Hindu DandC Book and various spiritual
[Katre, 1999] Maharashtrians metaphors like Lord Ganesh,
Gita Temple
3D Watershed Game Villagers Cand A Agriculture, seasons, activities
’ and objects of day-to-day
usage
Kumar Vishwakosh Students C . Book
(Encyclopedia for School
Children)
Inscript Typing Tutor Students B and C Classroom
Jewelry Accounts and Jewelry shop A and C Receipt, Delivery note,
Process Manager owner, manager, collection of cash, order,
salesmen, workers, purchase, etc.
cashiers

Refer Appendix L. for brief introduction to QuickMM Album Author, JATAN: Virtual
Museum Builder, Dnyaneshwari CD Title, 3D Watershed Game, Kumar Vishwa Kosha

CD Title and Inscript Typing Tutor.

T User e

’ lliterate Villagers | ™.

7 Day-to-day knowledge | /
P / CIM - 02
p Season Clock | Calendar I
Day-to-day knewledge \/ ............... Educational Knowledge X

st rsasse s snanes st

Figure 3.4 Quick evaluation of Candidate Interface Metaphors (CIM)

3.1.11. Identification of Candidate Interface Metaphors
Matching the knowledge dimensions is extremely helpful in quickly evaluating the
suitability of candidate interface metaphors. Figure 3.4 shows that season clock can
be more easily understandable to villagers than” the calendar. The concept behind

season clock is explained in Appendix G1.1.

In summary, the stratification and user profiling is helpful in identifying the

most common knowledge dimensions. Exploration of candidate interface

metaphors within these knowledge dimensions is more effective than the

random approach and endless user trials. The candidate interface

hors can be quickly matched with the knowledge dimensions available
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3.2 Braiding of User’s and Design Models
User Centred Design (UCD) épproach recommends detailed study of the user and
user domain [Holtzblatt et al., 1995] [Moll-Carrillo, 1995] [Lundell, 1995]. UCD
experts have proposed variety of techniques like contextual inquiry [Beyer, 1996] or
field study, video documentation of user activities, structured interviewing and
participatory design process as general solutions to many usability problems [Dix, et
al., 2004]. They have not specified the nature of usability problems that a particular
technique can definitely solve. The only thing they unanimously and categorically
emphasize is the need of focusing on the user and the centrality of the user in design
process. So far no specific technique for identifying the interface metaphors
[Vaantinen, 1994] is proposed. Lewis, et al. [1994] in their paper on Task Centred
User Interface Design have also not mentioned about interface metaphors. Brenda
Laurel [1993] in her book entitled ‘Computer as Theater’ does not mention how the
interface metaphors can be identified. Moll-Carrillo, Lundell and other UCD theorist
seem to have assumed that the metaphor is already found out and straight away one
can proceed for user trials. Erickson [20G0] and Hudson [2000] have suggested
metaphoric options c}uite spontaneously without mentioning how they arrived at
those. Most of the research and experiments seem to have directly started at the
metaphor. It is unexplained how did they think of the particular metaphor or what
made them notice it? Therefore, in this section, a technique is proposed to
help the user interface designers in identifying relevant candidate interface

metaphors [Katre, 2005].
3.2.1. States of Interface Metaphor

User interface designer always comes across two different states of interface

metaphor namely unmanifested and manifested. These are explained below.

3.2.1.1. Unmanifested Metaphor State

in the beginning of a software project, the user interface designer is clueless about
which metaphor will be suitable. The software requirements appear vague and are
not at all indicative enough. (S)he is stuck up thinking about how to identify the
candidate interface metaphors. There is a general assumption that the metaphors
are always present in the context of application but the user interface designer may
not have noticed them. We have termed this state of metaphor as unmanifested

metaphor state.
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3.2.1.2. Manifested Metaphor State

In some situations, the user interface designer quickly gets an idea of possible
candidate interface metaphors. At times, (s)he foresees the candidate interface
metaphors even before starting to elicit the software requirements. At times, the
customer brief explicitly suggests the desired interface metaphor. We have termed
this state of metaphor as manifested metaphor state. It means one does not
require exploring for the candidate interface metaphors.

The transition of candidate interface metaphors from unmanifested to manifested
state needs to be defined. How does it happen? And what makes it happen? Usually
the ability of identifying the suitable interface metaphor is attributed as insight,
talent and creativity of the interface metaphor. But HCI practitioners need a definite

technique for this purpose.

3.2.2. Technique for Identification of Candidate Interface
Metaphors
It is proposed to write the Commentary of Task Performance (CTP) and

Interface Play Script (IPS) for identification of candidate interface metaphors.
This technique should not be mixed with Use Cases [Schneider et al., 1999]
or Cognitive Walkthrough [Polson et al., 1992] as it has entirely different
objectives. The comparative observations are presented in 3.2.3.

3.2.2.1. General Guidelines

« Both Commentary of Task Performance (CTP) and Interface Play Script (IPS)
have to be written in the manner of a-typical drama script. The script is
divided on the basis of ‘tasks’ similar to ‘scenes’ in a drama script.

« The main focus of documentation should be on detailing the
experiential factors of the task being performed. It includes sensory
details in terms of visual, spatial, verbal, auditory and tactile familiar
to the user.

« One of the objectives of this activity is to capture the mental model of users.

In place of ‘character names’, one has to mention the participants involved in

a task, e.g., operator, director, manager, salesman, etc. The list of

participants of a task, description of the situation and assumptions have to be
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documented before starting to write Commentary of Task Performance (CTP)
and Interface Play Script (IPS).

The language of writing should be simple and straightforward.

Having finished the documentation of Commentary of Task Performance (CTP)
and Interface Play Script (IPS), both should be juxtaposed for identifying the
unmanifested metaphors.

3.2.2.2. Commentary of Task Performance (CTP)

Writing the Commentary of Task Performance (CTP) involves following steps-

It focuses on conventional processes in the user environment.

Observe the selected tasks performed by the targeted user using
conventional. processes. These tasks should be the ones that are expected
to be computerized. User interface designer has to repeatedly observe each
task performance until the common pattern and flow of activities become
evident.

It should mention all important and trivial objects used for completing the
task and the purpose for which they were used. The sensory clues in terms
of visual, spatial, verbal, auditory and tactile details familiar to the user
should be documented. Users need these clues for predicting the status of the
task.

The commentary of such task performances by the users should be
documented in the narrative formn. It should include the details of situations,
options, goals, actions, decisions and the outcome.

It should also include the documentation of significant interruptions,
dependencies and constraining factors faced while performing the task.

3.2.2.3. Interface Play Script (IPS)

Preparation of Interface Play Script (IPS) involves following steps-

User interface designer should now visualize how the user would perform the

same task using the proposed software.
The visualization should be documented in terms of inputs given by user and

the response of system.
The documentation may include general details of user interface. There is no

need to stretch your imagination to mention component level details of user

interface.
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= Source of user input (background work) should also be mentioned.

3.2.3. Comparison with Cognitive Walkthrough
Polson et al. [1992] to evaluate the user interface reintroduced cognitive

walkthrough approach, which was originally used for evaluation of code in software
engineering. In this approach, the evaluator steps through every action that user will
perform for achieving a goal. In Cognitive Walkthrough, the objective is to check the
actions, user goals, communication of actions and feedback. This method is to be
used after the prototyping stage [Dix et al., 2004]. It focuses on identifying the
probable usability problems.

Table 3.4 shows the principal differences between the Cognitive Walkthrough and the
technique proposed by us in this section.

Table 3.4 Comparison of IPS and CTP with Cognitive Walkthrough
Cognitive Walkthrough IPS and CTP

= Action sequence is restricted within » Action sequences are from both user
the software domiain. and software domains.

» Technical description of actions, user | = Emphasizes on the description of
interface and goals [Rieman et al., context, situations, objects, human
1995] roles, sensory clues involved in the

task.

» The purpose is to verify the source * The main purpose is to captures
code or user interface action users’ mental model.
sequence.

« It is an evaluation method. = Jtis a visualization method.

= Objective is to find gaps and « Objective is to find the candidate
problems. interface metaphors.

Above comparison conclusively highlights how the Cognitive Walkthrough and the
technique proposed in this section are different. Researchers are very likely to
compare it with Use Cases as it uses the terminology of ‘actors’. But the prime
objective of Use Case Modeling is to define the system functionality in Object
Oriented software development [Schneider et al.,, 1999]. The technical report of
Usability Throughout SDLC: A Summary of Interact 2001 Workshop prepared by Jan
Gulliksen et al. concludes the debate ca Use Case versus Task Analysis by
categorically mentioning that Use Case Modeling does not address the usability
requirements. Greater amount of detailing is desired from the viewpoint of user
interface designers.
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During the development of JATAN: Virtual Museum Builder we faced the
unmanifested metaphor state. The proposed method was used for identification of
candidate interface metaphors. The format used for documentation of Commentary
of Task Performance (CTP) and Interface Play Script (IPS) are shown in Table 3.5.

Table 3.5 Juxtaposing CTP and IPS
Task 1. Creation of a museum record

Participants: Data Entry Operator, Curator, Curatorial Assistant, Director, Office Boy, Software

Assumptions:
The Data Entry Operator, Curator and Director are always looking through the web browsers and
waiting for change in the status of a given record. They know the result of setting a particular flag.

Commentary of Task Performance Interface Play Script

1. Curator: 1 Curator:

Prepares the draft records by writing them | Prepares a hand written record of an artifact
on separate sheets. He refers books, | and gives it to the Data Entry Operator. (Either
consults experts and finishes the draft | he delivers it himself or asks the office boy to
version. hand it over)

2. Data Entry Operator:

On receiving the hand written record, he clicks
on new record button in the Integration Module
of VMB.

3. Software:

Provides a new form before for data entry.

4. . Data Entry Operator:
Clicks the browse button for selection of
relevant images.

5. Software:
A typical file browser window appears on the
screen with thumbnail images.

6. Curator: Data Entry Operator:

Provides a photograph or a transparency | Selects the image by matching the accession
from the catalogs maintained by museum. | ro. of a record with the image file name.
He uses a light box for viewing the | Confirms the digitized image by tallying it with
transparencies. the transparency. O‘n finishing the data entry he
sets the flag as ‘Finished’. If the data entry is
incomplete, he sets the flag as ‘Unfinished’. An
unfinished record is not forwarded to Curator.

7. Software:

. On setting the flag as ‘Finished’ the software
flashes a message that ‘The finished record is
now forwarded to Curator for verification.” (A
‘finished’ record is }ead only.)
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8. Curator:
Checks the record, comments it if it has
typographic errors and sets the flag as
‘Commented’.
(A commented record is editable.)
9. Data Entry Operator:
Reads the comment. Opens the record. Corrects
the typing errors and then sets the flag as
‘revised’.
10. Software:
Flashes a message that the revised record is
forwarded to Curator for verification.
11, Curator:
Opens the record. Checks the revised record
' and sets the flag as ‘checked’.
(A checked record is read only.)
12. | Curator: Software:
The handwritten record is forwarded to the | Flashes a message that the checked record is
Director of museum in an envelop / folder | now forwarded to Director for approval.
with a covering note requesting his approval.
(Covering note is dated and signed).
13. Office Boy:
Picks up the envelope/folder and delivers it
to the Director. (Keeps it in the In Tray of | °
Director) .
14. | Director: Director:
Writes / makes corrections in the draft | Finds a Checked record submitted for approval.
records, signs, puts the date and then marks | He verifies the .contents and in case of
the folder / envelope back to Curator. Uses |.correction ‘Comments’ it.
red/ green colored ink pen for writing. The .
envelope/folder is kept in the Out Tray.
15. | Office Boy:
pPicks up the envelope/folder and delivers it
to the Curator. It is kept in the In Tray of
Curator.
16. | Curator: Curator & Data Entry Operator:
Opens the folder and finds Director’s | Work towards improving the record as
comments for corrections. instructed by the Director and set the flag as
‘Finalized’.
17. | Curator: ' Software:

Incorporates the corrections (rewrites it) and
submits it again by placing his signature and

Flashes a message that the Finalized record is
now forwarded to Director for approval.

42



Chapter 3

SECTION 3.2 Braiding of User's and Design Models

date to Director for approval.

18. | Director: Director:
Approves it (places his signature and date) | Verifies the contents of finalized record and
and returns it to Curator. checks the history of comments so far. Sets the
flag to ‘Approved’.
19. | Curatorial Assistant: The approved record is automatically added in

Enters it in the Main Accession Register.

the Main Accession Register.

It is possible to detail a particular step further in a similar manner. For example, the

sample commentary presented in Table 3.5 does not provide enough details of

manual record preparation and the data entry using proposed software. User

interface designer can decide to write elaborate commentary of the sub-tasks.

3.2.3.1. ° Candidate Interface Metaphors Identified

It was possible to identify the candidate interface metaphor like ‘In and
Out Trays’ in the offices of Curator and Director (Steps 13. and 15.). They
are used for representing the received and forwarded records in JATAN.
Appendix B1 explains this example in greater details.

Many steps in Commentary of Task Performance (CTP) show that the task
is ending up with a register entry (Step 19.). ‘Register’ is the most
commonly used term in Indian museums. The museums have variety of
registers like gallery, section, étore, loan, conservancy, main accession,
etc. *Register’ metaphor is used in JATAN for representing various modules
like Data Entry, Administration, Subscription, Main Accession, etc.

We have introduced a concept' of ‘Image Catalog’ for arranging the
preview of digitized images ' (Step 6.). Light box is also a candidate

interface metaphors.

Every time, the Curator and Director place their signatures with dates
after recording their decisions (Steps 12. and 18). In JATAN, a record
becomes ‘Read Only’ for the sender after (s)he comments and forwards it.
The history of comments shows all transactions with dates and timings.

‘Closed and open envelopes’ are used with unique markings to indicate the

status of a record (Steps 12. to 15.). Each record has a flag indicating its
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status such as finished, revised, checked, commented, approved,

published, withdrawn, etc.

6. Different ink colors are used for presenting the comments of Curator and

Director (Step 14.).

User's Model & T Design Model
(Interface Metaphor) * (Software Design)

User Requirements
Figure 3.5 The braiding of user’s model with design model
Figure 3.5 shows how the technique of Commentary of Task Performance (CTP) and
Interface Play Script (IPS) helps in braiding the user’'s model and design model. The

intuitive and spontaneous approach of using interface metaphor does not braid

properly.

In summary, juxtaposing of Commentary of Task Performance (CTP) and
Interface Play Script (IPS) is helpful in identifying the candidate interface
metaphors. This method captures the mental model of users associated with
the tasks taken up for computerization. It mainly captures the sensory
details of the task, which are essential for interface design. It includes
visual, spatial, verbal, auditory and tactile details familiar to the user.
Commentary of Task Performance (CTP) and Interface Play Script (IPS) also
provide the justification for selecting a particular interface metaphor. This
technique is more applicable for such software projects that are intended to

computerize existing processes.
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3.3 Classification Based on Interrelationships
Having identified the candidate interface metaphors, as discussed in earlier
sections, the interface designer has to now classify them. We have proposed
new classes based on the interrelationships between the candidate interface
metaphors. These classes are named as coherent and diverse metaphors.
The reasons of defining these new classes are discussed below.

Researchers have used the terms like mix metaphors [Vaantinen, 1994] or
composite metaphors [Carroll, 1988] [Smilowitz, 1996] interchangeably to convey
the usage of multiple metaphors in combination for representing the structure of
software. Another term called integral metaphor is used as the opposite of
composite metaphors [Smilowitz, 1996]. An interface metaphor is always a mix or a
composite of multiple metaphoric-‘ concepts. The thesaurus [Roget’s Thesaurus,
1990] presents integral and composite as synonyms of each other. The use of
such overlapping and ambiguous terms is due to lack of clarity about the footing on
which the metaphors are differentiated. These terms appear to be loosely defined as
the researchers intended only to describe or characterize the particular phenomenon
of interface metaphors. They have not stated any specific differentiators for
classification of candidate interface metaphors.

One realizes that some of the candidate interface metaphors can be grouped
together due to common attributes. At the same time some candidate interface
metaphors or groups of candidate interface metaphors remain isolated. Basically, the
metaphors, which get grouped together, have correspondence with our cognitive
map'! [Kearney et al., 1997]. The isolated ones-are disconnected from the cognitive
map or they originate from different cognitive maps and therefore they stand apart.

We are essentially pointing towards the interrelationship between the candidate
interface metaphors. This interrelation can be established on the basis of following
points.

-  Are they originating from same source?

» Are they logical part of same workflow or activity?

1 Cognitive maps are a particular kind of representation of mental model that represent important objects
and concepts, and code the relationships among them.
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= Are they conceptually connected?
= Are they part of the cognitive map of specified users?
All four points mentioned above define the coherence between candidate interface

metaphors.

3.3.1. Coherent Interface Metaphors

Characteristics of coherent interface metaphors are as under-
* They are part of the same cognitive map.
= They can be recalled, guessed or logically inferred by the user.
= They belong to same or related knowledge dimensions and domains.
. They originate from same source.
= They are logical parts of same activity or a workflow.
= They are conceptually connected.
» Coherent metaphors emerge if the software is addressing one type of
problems and targeted at single type of users.
= They can be coherent metaphors even if they comply any one or more or all
characteristics mentioned above.
Example:
If you take the desktop metaphor: files, folders, calculator, printer, diary, trashcan,
etc. are the objects that are found around the desktop in an office environment.
They are also used in the office activities. This itself is the common interrelation they
all share with each other. Users’ can exactly recall these objects from the office
environment, as they are coherent and part of single cognitive map. Even if the
desktop example is very over exposed, the ‘coherent’ aspect is not stated anywhere.

3.3.2. Diverse Interface Metaphors
Researchers have been referring the quality of diversity while mentioning mix or

composite metaphors.
Characteristics of diverse interface metaphors are as under- .
= They are not part of single cognitive map.
« They cannot be recalled, guessed or Idgically inferred by the user. They
appear before the user in an unexpected way.
» They belong to unrelated knowledge dimensions and domains.

= They originate from diverse sources.
» They are not logical parts of same activity or a workflow.
« They are conceptually unrelated or disconnected.
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« Diverse metaphors are required when the software is addressing diverse
types of problems and multiple types of users. The root of diverseness of
interface metaphors can be found in the software scope.

Example:

The Album Author software [Katre, 2001] uses Album, Exhibition, Portfolio, Catalog,
Calendar, and Greeting Card metaphors. They have no relation with each other.
Users can't recall them together as they are not part of common activity or workflow

or cognitive map.

Dealing with coherent metaphors is relatively simpler. But with diverse metaphors,
mismatches can emerge due to conceptual overlapping. (S)he is alerted about it in
the beginning itself. The diverse metaphors, in many scenarios, can also help in
producing magical features (This aspect is further elaborated in 4.1.5). They can help
in combining the seemingly unrelated attributes together in software.

In short, the candidate interface metaphors can be classified based on their
interrelationships 55 coherent and diverse interface metaphors. Coherent
interface metaphors are part of single cognitive map unlike the diverse
metaphors that belong to different and unconnected cognitive maps. This

type of classification provides basis for the selection process.
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3.4 Assessment Based on Conceptual Structure

The earlier section has shown, how the candidate interface metaphors are
classified based on their interrelationship. Furthermore, in this section, we
have proposed new categories based on different levels of the conceptual
structure such as Domain, Conglomerate, Multitudinous, Singleton
(Inanimate, Animate) and Flat concept. These signify different levels of
underlying conceptual structure. The reasons behind forming such categories are
discussed below. '

There is insufficient guidance available to help the user interface designers in finding
suitable interface metaphors [Vaantinen, 1994], [Madsen, 1994], [Smilowitz, 1996].
As a result, many of them seem to be using metaphors with little understanding of
its underlying structure [Barr, 2002]. They are also seen using linguistic categories
of metaphor [Barr, 2002] in interface design such as metonymy [Marcus, 1993]
ontological, personification, orientational and structural [Barr, 2002]. These
categories mainly signify the style of application. These are not intended to signify
anything about the levels within the conceptual structure. In case of interface
metaphors, it is extremely important to know different levels within the conceptual
structure for the quick assessment of its potential.

The ‘desktop’ of Macintosh OS is treated as an organizational metaphor [Vaantinen,
1994] but it does not indicate anything about its conceptual structure. The same
type is referred as structural [Marcus, 1998] [Barr, 2002] or organizational
[Vaantinen, 1994] interchangeably. The terms 'structural or organizational metaphor’
also do not signify anything about the potential of conceptual structure. Judge
[1991] has already mentioned about the need to define the characteristics of
conceptual structures. There is no aversion to using appropriate categories of

linguistic metaphors in interface design.

The reference domain can be fragmented into worlds, environments, objects and
elements. These fragments have an inherent hierarchy as shown in Figure 3.6. The
hierarchical fragments of a domain provide the basis for defining various levels of

conceptual structure.
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The levels within the conceptual structure of reference domain are indicated below.

Domain

Unification of Multiple Environments

Single Environment
Part-II

Single Environment

Part-III -t
/ Part-II Fart .
j ra Animate Entity

~" i Inanimate Entity Inanimate Entity

Element Element

Figure 3.6 The conceptual structure of a domain

3.4.1. Animate and Inanimate Metaphors
A domain comprises of animate and inanimate entities. Such entities are applicable

as animate and inanimate metaphors. But both of them have Singleton conceptual

structures.

3.4.1.1. Inanimate Metaphor

This type of candidate interface metaphor represents the inanimate entity
(objects) from the users’ work environment. Such inanimate entities are
called as inanimate metaphors. It is possible to conceptualize certain
functionalities of software based on inanimate metaphors, e.g., Book, Album, Diary,
Register/Catalog, Spread Sheet, Typewriter, etc.

3.4.1.2. Animate Metaphor

This type of candidate interface metaphor represents the animate entity
(humans) from the users’ work environment. Such animate entities are
called as animate metaphors. While observing the users’ work environment, you
not only come across inanimate entities but also animate entities like humans
playing the designated roles such as Accountant, Teacher, Assistant, Secretary,

Adviser, Curator, Manager, etc. It is possible to conceptualize the behavior of

software based on inanimate metaphors.
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3.4.2. Levels of Conceptual Structure
Different hierarchical levels in the conceptual structure as shown in Figure 3.6 have

been named to indicate their potential. It is obvious that a domain provides the
richest conceptual structure and levels below are relatively less richer.

Domain - Domain

Unification of Multiple Environments - Conglomerate
Single Environment - Multitudinous
Animate Entity - Singleton
Inanimate Entity - Singleton

Element /Superficial application Flat concept

3.4.2.1. Domain

A domain is basically a large sphere of activities, which provides a very
complex and rich conceptual structure. It can hold several groups of
environments together, e.g., the city metaphor chosen by Dieberger [1998] for
visualization of large volume of information, provides a domain conceptual
structure. But his paper does not define the levels of conceptual structures. The
domain conceptual structure can contain several conglomerate conceptual structures.

3.4.2.2. Congiomerate

It is a conceptual structure of such interface metaphor that integrates
several environments or groups of conceptual structures together. For
example, the ‘university’ metaphor has a conglomerate conceptual structure. A
university is made up of several departments. A conglomerate conceptual structure
can contain several muiltitudinous conceptual structures.

3.4.2.3. Multitudinous

The user interface designer can select an environment that includes multiple
entities (animate and inanimate), e.g., Desktop, Library, Gallery, Office
Cabin, Classroom, Doétor’s Clinic, Studio, etc. Such metaphoric
environments provide multitudinous conceptual structures. It can integrate a
variety of conceptual structures like multitudinous, inanimate singleton, animate
singleton and flat concepts as shown in Figure 3.7. The concepts within a
multitudinous conceptual structure are generally coherent.
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3.4.2.4. Singleton

Both animate and inanimate metaphors have singleton conceptual structures. It is a
single hierarchy of concepts. There can be many jnanimate and animate singleton
conceptual structures as part of a multitudinous conceptual structure.

3.4.2.5. Flat Concept

The concept at the terminus of a branch within the conceptual structure is
called as flat concept. In some software products, even the domain, conglomerate
and multitudinous conceptual structures are applied very superficially. These are
grossly underutilized in the given circumstances. Such application of interface
metaphor can be referred as flat concept(s). Well-known examples of flat concepts
are Eraser, Scissor and Paste tools in MS Word or exhibition metaphor in QuickMM
Album Author [Katre, 2001].

Usually any conceptual structure of interface metaphor has large number of flat
concepts. They can be part of either any of the conceptual structures or they can
even exist without any relationship with other metaphors.

Domain (D), Conglomerate (C), Multitudinous (M), Inanimate Singleton (IS),
Animate Singleton (As) and Flat (F) Concept.
Figure 3.7 Visual representation of conceptual structure
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3.4.3. Assessment Based on Conceptual Structure
The assessment based on conceptual structure of interface metaphor helps the user

interface designer in visualizing the suitability of a candidate interface metaphor vis-
a-vis the requirements of software. It is possible to draw following inferences as a
result of this assessment. These inferences are further substantiated in Chapter 6.
1. If there is large number of flat concepts in any of the conceptual structures then -
= It is unable to cover the clusters of functionalities.
* The interface metaphor is applied at skin level.
= If the interface design activity is initiated after the software is developed
then most of the time you end up with flat concepts only.
2. If there is greater number of singleton conceptual structures then-
= The conceptual mappings seep deeper into the software.
» Users can figure out the functionality of software with intuition.
3. If it is @ domain or conglomerate conceptual structure then it is bound to have
adequate number of multitudinous, singleton conceptual structures and flat concepts.
In such case - .
= The user interface has potential to emerge as one of the prominent selling
points of the software. It also means that if you fail to capitalize on this
potential then your competitor might do it for a similar software product.
= Analysis, evaluation, design and testing of such interface metaphor are
going to be very demanding. Sufficient provision of resources in terms of
skills, efforts and finance must be anticipated in the project.
= There can be adequate potential for covering the future versions of

software.

Discussion

This chapter has shown how the cognitive model of interface metaphor heavily
depends on the existing knowledge of users.‘The trilogy of knowledge highlights the
need of matching the knowledge dimensions of metaphor and the user. This led us to
define the knowledge dimensions based on stratification and profiling of users. The
standard table indicating the reach of interface metaphors based on knowledge
provided for quick reference. Another complementing technique for

dimensions is
identifying the candidate interface metaphors is provided in which, the Commentary
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of Task Performance (CTP) and Interface Play Script (IPS) are juxtaposed for
identification of the candidate interface metaphors. In this greater emphasis is given
on capturing the mental model of users and sensory details, which are essential for
interface design. After this, the candidate interface metaphors are classified on the
basis of their interrelations in terms of coherent and diverse classes. This
classification highlights the role of cognitive maps in guessing or anticipating

software functionality.

Knowledge Dimension

Classification Based on

! ! Entity Based Categorization
Interrelationships

Categories
Based on the Levels of
Conceptual Structure

Figure 3.8 Primary attributes of interface metaphor
Then the candidate interface metaphors are categorized based on different levels of
conceptual structure through newly defined categories like domain, conglomerate,
multitudinous, singleton (animate, inanimate) and flat concepts. This type of
categorization helps in judging the potential' of the candidate interface metaphors.

Sample template used for the selection of candidate interface metaphors is given in

Table 3.6.

Table 3.6 Template for Selection Process
Project Digital library system for museums
Users Museum staff
“Most Common Knowledge Dimensions | Professional and day-to-day
Knowledge Domain Archeology
Reach Global
Localization ' Very small percentage
MC‘TP and IPS Done (Results given below)
candidate Interface Metaphors Museum

(Gallery, Exhibits, Register, Records,
In/Out tray, Catalog, Light Box, etc.)
Knowledge Dimensions of Metaphor L A mix of professional and day-to-day
Matching of Knowledge Dimensions Positive
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Possibility of Comprehension High
Relational Classification Coherent
Structural Category Museum- Conglomerate

Gallery- Multitudinous

Other- Inanimate Singleton
| Potential of Interface Metaphor High

De 0 Selected

In short, it is possible to perform the selection process in parallel with the
requirements elicitation activities as part of SDLC (refer chapter 10). This
method provides an objective basis for selection of interface metaphors
unlike the random or spontaneous approaches practiced by the interface
designers. '
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Chapter 4.Tuning the Interface Metaphor

After completing the selection of candidate interface metaphor, in this
chapter, it is proposed to tune them for the given software project. Various
aspects of interface metaphor and the respective determinants for their

tuning are identified.

Aspects of Interface @ Determinants
Metaphor

User, Usability Objectives,
Perspective and Focus +—f——® Main Functionalities

Field of View < @ Software Scope

Affordances of Metaphor +————e Usability Requirements,
Feasibility

Flavor and Tone < ® Context, Ego State of Users,
Role of Software

Fusion €4—

User Aspirations, Usability
Requirements

Figure 4.1 Aspects of interface metaphor and the determinants for tuning
It is well known that the same interface metaphor can project different images,
highlight different similarities and offer different quality of experiences [Madsen,
2000] depending on its tuning. Some researchers have called this phenomenon as
illusion or magic [Marchak, 2000], [Madsen, 2000]. There have not been adequate
efforts to define the nature of this variance. An excusive study to find the variant
f interface metaphor and the determinants of its variance is

aspects O

performed (refer Appendix C.). The findings of this study are discussed hereafter.
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4.1 Aspects and Determinants for Tuning
Conceptual Structure of Metaphor

Q
A-Field of View |
D- Software Scope .- .
r‘. .
)
® ®
o o
A-Perspective ™ A- Focus
D- User D- Usability Objectives

Main Functionalities

Aspect (A), Determinants (D)

Figure 4.2 Perspective, Focus and Field of View

The determinants are mentioned under each aspect.

4.1.1. Perspective and Focus
= Perspective

Perspective means the position from which the user interface designer
views at the reference object or domain, used as an interface metaphor. Of
course the user interface designer has to align his perspective to that of the user.

= Focus
The focus decides the amount of detailing and prominence given to certain
metaphoric concepts. It keeps irrelevant concepts out of its focus. The perspective
and focus of interface metaphor can be decided based on the user, the usability

objectives and the main functionalities of software.

The reference domain along with its hierarchy of environments, objects and elements
can be mapped \;vith the software as interface metaphors. These are treated as

concepts. Even if certain objects and elements of a reference domain are visible in

reality, it does not mean that each of them will be sharply defined and given

prominence in the overall composition of interface metaphor at all times. Similar to

the camera lens, the user interface designer can keep only certain aspects of
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interface metaphor in focus and the rest out of its focus. Refer Appendix Ci.1 for

examples.

The determinants of perspective and focus namely user, usability objectives

and main functionalities are given below.

= User

User is someone who does ‘real work’ with the computer. The perspective of
interface metaphor needs to be aligned with the perspective of users. It helps in
capturing the most familiar view of the interface metaphor. Users with varied profiles
are not exposed to the referred object the same way. Their view of the reference
object is likely to be different. What they notice and what they ignore in the
reference object depends on their perspective. User profiling and contextual study

[Holtzblatt, 1995] can help in understanding the perspective of users.

= Usability Objectives
Usability objectives define explicit usability goals in terms of learnability,
flexibility and robustness of the software product from the user’s point of
view. The other principles that affect the learnability of software are predictability,
synthesizability, familiarity, generizability and consistency [Dix et al., 2004].
The usability objéctives primarily focus on ‘quality in use’ [ISO/IEC FDIS 9126-1,

2000]. The interface metaphor significantly contributes towards improving the

usability of software.

= Main Functionalities
Main and mundane functionalities of software are outlined during the
decomposition or elaboration of problems. The main functionalities that are
must to be delivered get outlined while software scoping is done [Pressman, 2001].

However, the degree of importance given to them can defer.

It is obvious that if the interface metaphor is not contributing to achieving the
usability objectives then it is serving no purpose. Similarly, if it is ignoring the most
important functionalities of software (which also translates into the main problems to

be addressed by the software) then also it has no use.
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The concepts within the interface metaphor resulting in conceptual resonance!? with

the main functionalities of software must be kept in focus.

We can summarize that the users, the usability objectives and the main
functionalities of proposed software determine the ‘perspective’ and ‘focus’ of

interface metaphor.

4.2, Field of View

Field of view means an enclosing border of visibility. The field decides how
much portion of the scene to be permitted in the view. Similarly, user interface
designer has to decide which portion of the interface metaphor to be kept in the view

or out of the view. Refer Appendix C1.2 for examples.
The field of view is determined by the software scope, which is defined below.

= Software Scope
Software scope describes the data and-control to be processed, function,
performance, constraints, interfaces, and reliability [Pressman, 2001]. More
importantly the boundaries of the scope need to be considered while setting the field

of view for interface metaphor.

The field of view of interface metaphor can be determined based on the scope of -
- software or
- a particular module of software or
- a cluster of functionalities

This depends on how much portion of software the interface metaphor is intended to

cover.

4.1.3. Affordances
Affordance of the interface metaphor means, the perceived and actual

properties of the thing, primarily those fundamental properties that
determine just how the thing could properly be used [Norman, 1990 and
1999]. The affordances of an interface metaphor are incorporated in order to satisfy
the usability requirements. But it also depends on technical feasibility. Refer

Appendix C1.3 for examples.

12 Re-echoing of concepts due to similarity between the source and the target in a metaphoric application.
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The determinants for affordances namely usability requirements and

feasibility are given below.

= Usability Requirements
Usability requirements define the capability of the software product to be
understood, learned, used and attractive to the user, when used under specified
conditions [ISO/IEC FDIS 9126-1, 2000]. -

= Feasibility
The feasibility of incorporating all the selected affordances of interface metaphor
involves technical and resource (time, skills, finance) feasibility [Pressman, 2001].
Depending on the feasibility constraints the affordances of interface metaphor are

chosen for development.

The affordances of interface metaphor are determined on the basis of whether they
help in meeting the usability requirements and the feasibility constraints.

4.1.4. Flavor and Tone

» Flavor

Flavor provides appropriate (familiar) taste of the content to users. User
interface designer has to choose appropriate representations from the overall context

of software for rendering the interface metaphor with right flavor.

= Tone
Tonal quality of sound can be decided in terms of its pitch and strength.
Whereas, the tonal quality of a picture can be decided in terms of light and
shade. Similarly, the tonality of presentation of interface metaphor can be
tuned for satisfying the ego-state of users and the role to be played by the

software.
Both flavor and tone can be tuned in terms of representations, shapes, colors,

layouts, sounds and the interaction design to offer a certain quality of experience to

users. Refer Appendix C1.4 for examples.
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The determinants for flavor and tone namely context, ego state of users and

role of software are given below.

» Context

The context provides detailed information about user domain, work environment,
psychological aspects and other preferences emerging out of social and cultural
context [Holtzblatf, 1995].

= Ego State of Users

A consistent pattern of thinking, feeling and experience directly related to a
corresponding consistent pattern of behavior [Berne, 1961].

= Role of Software

Refer the discussion on animate metaphor in 3.4.1 for explanation on role of
software.

4.1.5. Fusion
Fusion involves combining real life affordances of the reference object with

the software. These can be partly helpful in offering real world experience

to users:.

Affordances of two or more reference objects can also be fused together to overcome
certain constraints, which are faced in real life. These can be called as super-

affordances.

In both cases, the fusion has to be carried out in successive steps. It begins with the
known and then goes beyond it. The terminus!'? defines the threshold for crossing
over the constraints. As stated by Jha [1998], by combining the affordnaces of
different objects together or by multiplying them one proposes new and Avastu (non
entities) concepts. The metaphor evokes existing mental model [Johnson-Laird,
1980] of users and then goes beyond it as a surprise. The software overcomes the

constraints and difficulties of real life by producing a magical effect in user’s mind.

13 Terminus is the endpoint of decomposing the branch of a conceptual structure, preferred by interface

designer.
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This fusion can be tuned to address the aspirations of users. Refer Appendix C1.5 for

examples.

The determinants of this fusion namely user aspirations and usability

requirements are given below.

= User Aspirations
User aspirations can be defined in terms of their needs, motivations, goals and
constraining factors. The context study provides information on user aspirations.

* Usability Requirements
Usability requirements as mentioned in 4.1.3 and user aspirations both help in
determining how the fusion of interface metaphor and software should be

orchestrated.

Refer Chapter 10 to see how the tuning process is integrated as part of SDLC,

4.1.6. Multimedia Representations
All the aspects interface metaphor mentioned from 4.1.1 to 4.1.5 together determine

the depiction representations through multimedia. Various types of multimedia
representations are mentioned below.

Icon (I)

Visual (V)

Animation (An)

Audio (A)

Text (T)

Hypertext (HT)

Layout (L) .

Interface Programming (IP)

Functionality (Fn)
Icons, Visuals, Animation, Audio, Text and Hypertext are commonly used for
designing the graphical user interfaces. Interface programming is essential in places
e user interface is required to visually or by any other means indicate the

where th

state of a process. It is also required in situations where the user interface

dynamically changes to adjust with the user needs. Many times the interface
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metaphor influences entire functionality of software. The software is designed to

emulate the behavior of a real life object.

Discussion

This chapter has presented the reasons of why an interface metaphor
projects different images, highlights different similarities, and offers
different quality of experiences [Madsen, 2000], when used in different
software products. The tuning process interweaves various aspects of interface
metaphor, with certain elements of software, and the requirements of specified user.
Appendix C. presents a detailed comparative study of ‘book” metaphor and its varied
applications. Thus, we have defined the aspects and determinants of so-called
illusion or magic [Marchak, 2000] [Madsen, 2000] of interface metaphor. The
determinants of tuning set the coordinates for visualization of interface metaphor.
The tuning process assists the user interface designer in selecting proper
viewpoint, focusing on correct affordances, adjusting the flavor and tone,
and controlling the fusion of interface metaphor. It helps in deciding from
where to view, what to include and exclude, what to focus and ignore and

how to represent the interface metaphor using muitimedia.
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Chapter 5. Analysis of Interface Metaphor

5.1 Dissection of Interface Metaphor
After selecting and tuning the aspects of interface metaphor it is taken up
for detailed analysis. This chapter provides a method for concept-by-
concept analysis through the dissection.of interface metaphor. Following are
the objectives of the dissection.

5.1.1. Objectives of Metaphor Dissection
+ To find cross-domain mappings between design model** and user’s model®.
* To observe and regulate the tradeoffs between interface metaphor and software.
= To measure the coverage of metaphor.
= To provide objective basis for evaluation of interface metaphor.
= To achieve proper fusion between user and design models.

Donald Norman [ i988] has stated the need of fusing both the design and user’s
models but he does not explain how could this be done. Juxtaposing the
Commentary of Task Performance (CTP) and Interface Play Script (IPS) initiated this
fusion. But it can be done more effectively through the dissection of interface
metaphor. George Lakoff et al. [1980] introduced the term cross-domain mappings*®
in their book on linguistic metaphors. We have retained this term considering its
suitability and popularity. But Lakoff et al. have not covered interface metaphors and
the requirements of pre-facto analysis. '

5.1.2. Preparation
User interface designer should have collected following inputs before starting to

dissect the interface metaphor.
. Selection of interface metaphors through the five steps described in earlier
chapters namely-- identification of most common knowledge dimensions of users,

14 The design model is the designer’s conceptual model. .
15 Th: userggmodel is the mental model developed through interaction with the system [Norman, 1988].

16 Comparison of similar concepts between the known and unknown domains.
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identification of candidate interface .metaphors, classification based on
interrelationship, categorization based on animate or inanimate metaphors,
assessment based on the levels of conceptual structure.

= Tuning the aspects of interface metaphor like perspective, focus, field of view and
affordances (other aspects like flavor and tone are required during multimedia
rendering of interface metaphor).

= Briefly defined titles of software requirements.

5.1.3. Format for Metaphor Dissection
It is necessary to'create a table that has four columns namely Application Domain,

Reference Domain, Metaphor Category and Multimedia Representation. In the
context of interface metaphor, Application Domain and Reference Domain represent
the Design Model and User’s Model respectivgly. The first column provides the serial
numbers of Cross-Domain Mappings (CDMs). Second column ‘Requirement ID’
mentions the serial numbers or the IDs of software requirements. These are
important as the requirements analyst usually refers them by their IDs. Third column
called ‘Application Domain’ enlists the software requirements. The forth column
called ‘Reference Domain’ enlists the fragmented concepts of the metaphor. The fifth
column called ‘Metaphor Category’ enlists the categories of metaphors based on the
levels of conceptual structure as discussed earlier in section 3.4. The sixth column
‘Multimedia Representation’ is used for indicating how the particular concept of

metaphor can be depicted through various media.

Initially, the dissection of concepts happens at a very superficial level in case of
Domain, Conglomerate and Multitudinous conceptual structures. User interface
designer has to select certain metaphorical concepts and dissect them further using

similar format as described above.

The software requirements and concepts are juxtaposed in separate tables titled as
Cross-Domain  Mappings  (CDMs), Unmapped Concepts (UCs), Unmapped
Requirements (URs) and Dissection Termination (DT). These terms are defined in the

following discussion.
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Similarity of
Role / Behavior [ Structure f Navigational Layout

Unmapped Concepts (UCs) Cross-Domain Mappings (CDMs)

Reference
Domain

Unmapped Requirements (URs)
Figure 5.1 Insight into the dissection of interface metaphor

5.1.3.1. Cross-Domain Mappings (CDMs)

The user interface designer has to juxtapose each software requirement in
front of the metaphorical concept where the conceptual similarities are
found. All such corresponding items between application and reference
domains are brought together in a separate table. These are called as Cross-

Domain Mappings (CDMs).

5.1.3.2. Unmapped Concepts (UCs)
Concepts not forming meaningful correspondence with the listed software
requirements remain unmapped and unutilized. The user interface designer
still finds them potentially useful for future versions of software. Such
unmapped concepts are arranged in a separate table. They are called as
Unmapped Concepts (UCs). These concepts can be utilized during the future

versions of software.

5.1.3.3. Unmapped Requirements (URs)

Software requirements not forming meaningful correspondence with the
interface metaphor remain unmapped. These are called as Unmapped
Requirements (URs) and arranged in a separate table. Identification of
Unmapped Requirements (URs) defines the scope for exploring supporting interface
metaphors to be used in combination with the present interface metaphor. In such a
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situation, one comes across diverse metaphors as introduced during the classification
of interface metaphors in section 3.3.

5.1.3.4. Dissection Termination (DT) point

The dissection of interface metaphor is continued till the user interface
designer finds relevant and apparently usable concepts. When the concepts
begin to loose their relevance with software scope, the dissection activity is
stopped at that point, which is referred as Dissection Termination (DT)
point. Basically, (s)he has to expand the field of view of interface metaphor to
match with the software scope. Dissection Termination (DT) point is also decided by
the boundaries of software scope. User interface designer realizes whether the field
of view of interface metaphor is adequate for the software scope or not during
dissection. In case of diverse interface metaphors the Dissection Termination (DT)
point is reached too early.

5.1.3.5. Terminus Concept

Endpoint of a branch within the conceptual structure is called as the
terminus concept. Actually there is no such endpoint, as the conceptual structure
can always be broken down further. But the terminus concept is a point where
interface designer prefers to end the branch ‘of the conceptual structure. It is also a
point where interface designer deviates from the regular conceptual structure and
goes beyond the constraints of the metaphor, as discussed in chapter 4.

5.1.3.6. Structural categories
The abbreviations of structural categories to be used during the dissection

are given below.
Domain (D), Conglomerate (C), Multitudinous (M), Animate Singleton (AS),

Inanimate Singleton (IS), Flat concept (F)

5.1.3.7. Multimedia Representations

It is necessary to indicate the type of multimedia representation in front of every
Cross-Domain Mapping (CDM). This input helps in identification of creative and
technical skills. The types of multimedia can be indicated using following

abbreviations.
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Icon (I), Visual (V), Animation (An), Audio (A), Text (T), Hypertext (HT), Layout (L),
Interface Programming (IP), Functionality (Fn)

5.1.4. Precautions For Metaphor Dissection
User interface designer should take following precautions while dissecting the

interface metaphor.
1. Avoid long titles
At times, the titles of software requirements are very long. In such case, user
interface designer should try to optimize on usage of words without any loss of
information. At the same time, maintain the original document or IDs of software
requirements. Software requirements may be arranged in the same order as they
were found or briefed by the user.
2. Avoid duplication
At times, same software requirement appears twice with different style of
wording. It should be verified minutely and then removed from the list.
3. Avoid metaphoric expressions
Incautiously, the user, analyst and user interface designer use metaphoric
expressions while framing the software requirements. Such expressions should
be noted separately and removed. During the formation of Cross-Domain
Mappings (CDMs), such metaphoric expressions in the list of software
requirements cause confusion.

For example, a software requirement was titled as shown in Figure 5.2 on its left
side during the dissection of classrocom métaphor.

[coma. |4 | Referencelette

Figure 5.2 Metaphors in the wording of requirements
Here the ‘stencil’ is a metaphoric concept. The intension is to provide reference of
an alphabet in the background like the stencil to guide the user in drawing. The
requirement was reworded as shown in Figure 5.3 and the term ‘stencil’ was

shifted under the metaphor column.

Figure 5.3 Rewording the requirement
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4. Avoid linguistic metaphors

While forming the Cross-Domain Mappjngs (CDMs), user interface designer
should stress more on finding conceptual similarities. It is very likely that one
ends up forming linguistic metaphors as the dissection activity relies on lexical
representations. The linguistic metaphors are also part of the activity but they
should be documented separately as shown in Chapter 7.

5. Highlight conceptual similarities

While fragmenting the metaphoric concepts, the user interface designer should
highlight the similarities using minimum words.

6. Be flexible to change

Several revisions are required for organizing the Cross-Domain Mappings (CDMs),
Unmapped Concept (UCs) and Unmapped Requirements (URs). User interface
designer should be flexible to modify the dissected work as new insights keep

emerging.

The dissection of various types of interface metaphors is presented in the
following sections of this chapter.
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5.2 Dissection of Coherent Interface Metaphor

Table 5.1 Dissection of ‘Classroom’ as Interface Metaphor
for Inscript Typing Tutor Software
(Coherent Metaphor with Multitudinous Conceptual Structure.)

Cross Domain Mappings (CDMs)

cDM Req. Application Domain Reference Domain Meta. ‘MM
Nos. IDs Requirement Titles . Classroom Cat. Rep.
CDM 1, 1. Introduction to Indian Book IS LV
Scripts
CDM 2. 2. Demonstrate writing Blackboard F L v
CDM 3. 3. Drawing area for practice Slate / Notebook F LV
CDM 4. 4. Reference of letter (on/off) | Tracing paper, Stencil F IV
CDM 5. 5. Draw tool Pencil IS I, Fn
CDM 6. 6. Erase drawing Duster F IP, I
CDM 7. 7. Refresh New clean slate F I
CDM 8. 8. Typing speed Stopwatch F LV
CDM 9. 9. Open drawing Taking it from drawer F IP, An
CDM 10. | 10. Authentication of certificate | Signature of Examiner F vV, T
CDM 11. | 11. Save current state of work Packing the schoolbag F IP, An
CDM 12. | 12. Provide guidance & tips Teacher / Typing Expert AS * Role
CDM 13. | 13. Register User Name Enrolment in the class Is Fn, I
CcCDM 14. | 14. Save settings (slate, pencil, | Keeping it in toclbox F IP, An
color)
CDM 15. | 15. Save my typing / writing Keeping it in the drawer F IP, An
CDM 16. | 16. Show demo and drawing Blackboard & Slate F P, L
area
cbM 17. | 17. View demo only Teacher only (Blackboard) F iP, L
CDM 18. | 18. View my drawing area only | Student only (Slate) F IP, L
CDM 19. | 19. Build letter forms with Puzzle / Game /Quiz M -
components
CDM 20. | 20. Visual Key pressing by Key pressing sound F A
mouse
CDM 21. | 21. Warning signal Teacher’s Whistle F A
CDM 22. | 22. Performance evaluation Mark sheet and Certificate | IS L
CDM 23. | 23. Tools Toolbox IS Ip LI
CDM 24. | 24. Log maintenance Attendance Register is Fn,V,
. LI

Before starting to dissect the ‘classroom’ metaphor, the author of this thesis has

followed the selection and tuning process as discussed earlier. The outcome is
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documented in Appendix D. Only after finishing these activities, the dissection of

‘classroom’ metaphor is carried out.

In Table 5.1, the software requirements are arranged under the column of
‘Application Domain’ in the same order as they were discovered. Metaphoric concepts
within the ‘classro_om' metaphor are placed in front of the requirements where they
seem to resonate conceptually. All the metaphoric concepts are coherent as they are

interrelated.

Signs like - and ? are used in places where there is lack of clarity. Conglomerate,
Multitudinous and Singleton Conceptual Structures need to be dissected in further
levels. CDM 12 shown in Table 5.1 is actually an Animate Metaphor.

Table 5.2 Unmapped Requirements (URs) of ‘Classroom’ Metaphor

UR Req. ‘Application Domain ~ Reference Domain -
Nos. IDs "~ RequirementTitles. ', .- .| . = . Classroom

UR 1. 2S. Undo / Redo writihg v .

UR 2. 26. Reduce / Increase drawing speed

UR 3. 27. Next and previous letter animation

UR4. | 28. Indicate vowels, consonants, Matras No Matching Concepts

UR 5. 29. Display keyboard map »

UR 6. 30. Writing practice

UR 7. 31. Print my name

UR 8. 32. Mute sounds

It is marked differently to indicate that it needs to be dissected separately. The
requirement IDs mentioned in Table 5.1 and Table 5.2 are kept sequential for the
convenience of counting in the context of the thesis. Usually the sequence of
requirement IDs gets disturbed during the dissection activity.

Table 5.2 shows the list of Unmapped Requirements (URs). But all these may not
always remain Unmapped Requirements (URs). As one progresses further in the
process of visualization, new mapping possibilities are realized. The total number of

Unmapped Requirements (URs) is likely to reduce.
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Table 5.3 shows the Unmapped Concepts (UCs) of ‘classroom’ and related metaphors
surfaced during the dissection activity. The .dissection activity is terminated at UC
16., as thereafter the concepts appeared irrelevant and too much beyond the
software scope. The Dissection Termination (DT) point outlines the boundary of the
field of view of classroom metaphor.

Table 5.3 Unmapped Concepts (UCs) of ‘Classroom’ Metaphor
Application Domain UC Nos. Reference Domain Meta. MM Rep.

Requirement Titles . Classroom Cat. o
Uuci1. Scale F IP, Vv
ucC 2. Library M -
uc 3. Notice Board IS P, L, I
uc4. Graffiti IS IP, L
UCSs. Homework IS ?
uce. Other students ? -
ucz. Examiner AS -

No Matching Requirements uUcs. Bell F A,V
<= uco. Attendance Register IS L
uUcC 10. Assembly Hall M -
UC 11. Schedule / Calendar Is L IP
uc 12, Charts b £ \'4
ucC 13. Clock F Vv, IP, An
ucC 14. Staff room M -
ucC 15. Craft Material IS v
UC 16. Computer Lab M -
(bT)

Table 5.4 and Table 5.5 show how the second level dissection is carried out for CDM
1 and CDM 5, which are ‘Book’ and ‘Pencil’ respectively. During this process new
software requirements were found out (Req. ID 33 to 39).
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.Table 5.4 Second Level Dissection of CDM 1

No Matching Requirements

CDM Req. Application Domain Reference Domain Meta. | MM Rep.
Nos. IDs Requirement Titles Book . Cat.
cbM 1.1 33. Index Index F HT
CDM 1.2 | 34. Text Multiple Pages F L
CDM 1.3 35. Next and Previous Page Turning F IP, I, L
CDM 1.4 | 36. Print Get me a copy F Fn, I
Bookmark F IP, L
No Matching Requirements Annotations F T, IP, L
Book Cover F L
(oT)
-Table 5.5 Second Level Dissection of CDM 5
COM | ‘Req. | Application Domain | - . Reference Domain. | Meta. | MM
Nos. | IDs | Requirement Titles | . Pencil. . Cat. | Rep.
CDM 5.1 | 37. | Change ink Color Different ink bottles F o, T
CDM 5.2 38. Drawing / Writing Screeching sound of pencil F Fn, I,
A
CDM 5.3 39. Define stroke type Cut nibs (Calligraphic strokes) F Fn, I
Change the tip size F Fn, I

4——

v

(oT)

At this point the dissection of coherent interface metaphor is completed. User
interface designer can go on dissecting the conceptual structure of the interface
metaphor in further levels if it is necessary. In the next section of this chapter, we

hav

e shown the dissection of diverse interface metaphors,
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5.3 Dissection of Animate Metaphor

So far we have discussed the behavioral attributes of Inanimate Metaphors. In
several projects, the software has to replace a human role, which is an integral part
of a business process. The software has to perform similar role or activities as a
human being. But many projects ignore the human roles and end up computerizing
only the business processes. We call such human roles as Animate Metaphors.
Dissection of such interface metaphor can be extremely helpful during
requirements elaboration and conceptualizing the behavior of software.

For example, during the dissection of ‘classroom’ metaphor in Table 5.1, we have
marked ‘teacher’ (CDM 12) as Animate Metaphor. The tutoring software will be
incomplete without the ‘teacher’ like behavior. Therefore, the traits of a teacher are
dissected and mapped with the existing software requirements. It shows the
possibility of extending the functionality of software further to emulate the
behavioral qualities of ‘teacher’ for enhancing the usability of software.

The format for dissection of Animate Metaphor has three columns namely CDM Nos.,
Traits, Actions and Requirement Titles as shown in Table 5.6. Traits and actions are
the new terms that we associate with Animate Metaphor. These are defined below.

5.3.1. Traits

Traits are the distinguishable characteristics of an individual assigned with
a specific responsibility. For example, a salesman has to be business minded,
negotiating, convincing and polite. Some of the traits of a teacher are identified as to
teach, observe, administer, guide, encourage, inspire, entertain and evaluate. These
traits are universally accepted and they are found in all good teachers. One should

not mingle the traits of an individual with the traits of the role that (s)he plays.

5.3.2. Actions

Each trait can be fragmented in terms of certain key actions and sub-actions.

Metaphorical incorporation of these actions in software can help capturing the

particular trait.
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Dissecting the Animate Metaphor is quite dil’ferent than the dissection of coherent

and diverse interface metaphors. But the aspects of tuning of interface metaphor are

applicable without any change.

Table 5.6 Dissection of Animate Metaphor (CDM 12)

Traits Reference Domain Application Domain
Teacher (Actions) ¢ . Requirement Titles

1. Teach 1.1 Knowledge sharing and demonstration_ | = " Brief intro. to Indian Scripts
=  Brief intro. to Indian Scripts ' = .Show how to draw, letters
= Howto draw the Ietters o Prowde basnc guldelmes
il ‘Typmg_guidelines i . R
1.2 Ask surprise questlons }
1.3 Quote examples No COnnectmg Behavnor
1.4 Give assignments _Practice / Assrgnments '

2. Observe 2.1 Point out the aspects not explored nghllght -

S

- * The keys not practlced
-.Lessons not studled
.- Lessons not- practiced
’?  Practice wrthou

kevboard

I
).
I

‘The keys hot practlced
*/Lessons not studied
~Lessor|s not practiced

.2.2.Point out mistakes lq.
b TVP"‘Q f i o
Use.of fi ngers

- Sitting posture

2.3 Point out the weakness of a student '
(knowledge of language, skills,
concentration)

3. Administer

3.1 Malntain the attendanc ‘reglste

3 2 Check regularity of studen ’_ E

[

“'lse log data fo "Achecklng,
he'regularity - ;

3.3.Punlsh irregular student

4. Guide

;4 2 Fir1d the dnfﬁculty of students

4.3 Suggest improvements

No Connecting Behavior

5.1 Boost the moral of students

5. Encourage

6. Inspire

6.1 Demonstrate the best ractlces

7. Entertain

;i Introduce’games).
7.2 Organize competitions
7.3 Share anecdotes / funny experiences

}

No Connectin Beha |o

8. Evaluate

s 4 offer certlficate

No Connectlng Behavior

At this point the dissection of animate singleton

metaphor is completed.
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5.4 Dissection of Diverse Interface Metaphors
At times, there are several candidate interface metaphors but they are very
diverse based on their interreiationships. Various aiternatives as competing
candidate interface metaphors; to cover the software requirements should
be analyzed first. If among competing candidates none satisfies to become
‘the’ interface metaphor then we need to consider integration of diverse

interface metaphors.

5.4.1. Integration of Diverse Interface Metaphors
There are two types of integrating the diverse interface metaphors, which are named

as cooperative and incoherent integration.

5.4.1.1. Cooperative Integration

If the diverse interface metaphors are designed with a core interface
metaphor at the center and supporting interface metaphors around it then
this can be called as a cooperative integration. QuickMM Album Author

dissected in this section, is an example of coqperative integration of diverse interface
metaphors.

5.4.1.2. Incoherent Integration

If the diverse interface metaphors are integrated without any Jlogical
connection or the design of core and supporting interface metaphors then it
can be called as incoherent integration. Applications designed with random
approach are likely to emerge as examples of incoherent integration of diverse
interface metaphors. This type of integration can be useful in designing interesting
applications for children.

5.4.2. Cooperative Integration of Diverse Interface Metaphors

5.4.2.1. Core Interface Metaphor

Among all candidate interface metaphors, the one, which precisely focuses

on the main functionalities of software, is called as core interface metaphor.

It captures the central theme of software. It gives proper thematic orientation to

software developer, Interface designer and users. Diverse metaphors without the
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core interface metaphor produce a disoriented product. For example, QuickMM
Album Author [Katre, 2001] software maintains ‘album’ as its core metaphor.

5.4.2.2. Supporting Interface Metaphors

The candidate interface metaphors, which contribute new affordances and
enrich the conceptual structure of core metaphor, are referred as supporting
interface metaphors. Usually, in case of diverse metaphors, the core metaphor is
inadequate to map all software requirements. In order to map the Unmapped
Requirements (URs), user interface designer has to consider other interface
metaphors that reinforce the core metaphor and add interesting dimensions to it
without disturbing its focus. The core metaphor borrows new concepts and
affordances from the supporting interface metaphors. For example, exhibition,
greeting card and calendar serve as supporting interface metaphors in case of
QuickMM Album Author software. They provide super-affordances to ‘Album’ as the
core interface metaphor as explained in Chapter 4.

5.4.2.3. Conceptual Proximity and Alignment
Conceptual proximity means, conceptual closeness between the core and
supporting metaphors. They should not be completely disjointed or
conveying contrary concepts. Conceptual alignment means, establishing a
metaphorical relation or orienting in line with the core interface metaphor.
The supporting interface metaphors need to be conceptually aligned with the core
interface metaphor. It helps in the fusion affordances between the both kinds of

interface metaphors.

QuickMM Album Author software exemplifies the use of diverse interface metaphors.
It combines Album, Exhibition, Greeting Card and Calendar metaphors together. The
activity started with ‘Album’ metaphor only but new metaphors were conceived due
to large number of Unmapped Requirements (URs). Details of selection and tuning of
metaphors for QuickMM Album Author are given in Appendix D2.

The author of this dissertation has dissected ‘Album’ as core interface metaphor and

sexhibition, greeting card and calendar’ as supporting metaphors in the Tables 5.6,

5.7, 5.8, 5.9 and 5.10.

76




»

Chapter 5
SECTION §.4 Dissection of Diverse Interface Metaphors

Table 5.7 Dissection of Album Metaphor (Inanimate Singleton)

Core Interface Meta
Cross Domain Mappings (CDMs)

CDM Req. Application Domain | . Reference Domain Meta. | MM
Nos. 1Ds Requirement Titles o Album _ Cat. Rep.
CDM 1. 1. Image for start / end of Front and back album F v
presentation cover
CDM 2. 2. Collection of templates with | Pockets for photo insertion | F Fn
layouts
CDM 3. 3. Categorization of content Themes, Events F V, Fn
CDM 4. 4. Mouse-over / hotspots Recognize the persons F Fn
CDM 5. 5. Theme based backgrounds Album styles F Vv, Fn,
and cursors . L
CDM 6. 6. Encryption of all the Lamination of photos F Fn
contents
CDM 7. 7. Making an executable Binding the album F Fn
CDM 8. 8. Store Favorites Bookmark F V, Fn
CDM 9. 9. Hierarchical structure Family tree, Event S Fn
schedule
CDM 10. 10. | Captions, Narration Storyline F T

Table 5.8 Dissection of Exhibition Metaphor (Multitudinous)

Supporting Interf: apho
Cross Domain Mappings (CDMs)

e

—coM [ Req. [ Application Domain " : |.". ‘Reference Domain . -
Nos. | IDs | . . Requirement Title

cDM 11. | 11. Integrétibn of collectidns ) Collections of albums

CDM 12. | 12. | Comments, Annotations Visitor’s book

CDM 13. | 13. Presenting selected images | Gallery
and video clips

cDM 14. | 14. | Auto-play in loop Walk through the exhibits F Fn
CDM 15. | 15. Publish a website Exhibit for all F =
No Matching Requirements <4 * o1
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Table 5.9 Dissection of Greeting Card Metaphor (Inanimate Singleton)

Cross Domain Mappings (CDMs)

CcDM Req. | = Application Domain - .| . _Reference Domaln Meta. MM
Nos. IDs Requirement Titles Greeting Card | cat. Rep.
CDM 16. | 16. | Layout options, Styles Card themes F Fn,
V. LI
CDM 17. | 17. | Messages Greetings F T,V
CDM 18. | 18. | e-mail Post it F Fn, I

Table 5.10 Dissection of Calendar Metaphor (Inanimate Singleton)

Supporting Interface Metaphor
Cross Domain Mappings (CDMs)

COM | Req. | Appllcatlon Domain 1 Reference Domain | Meta. | MM
_Nos. | IDs.| . Requirement Titles | Calendar | .Cat. | Rep. .
CDM 19. 19. Change photos daily, Pages of a calendar F Fn, V,

weekly, monthly from L
desktop *
CDM 20. 20. Location on the desktop Display it on wall or on F Fn, V,
table L
CDM 21. 21. Remind imp. dates and send | Send birthday greeting F Fn
msgs. cards

Table 5.11 Unmapped Requirements (URs) of QunckMM Album Author

UR Nos. | Req. Appllcatlon Domain .Reference’ Domams
IDs ' Requirement Titles | (Albur, Exhlb/tlon,
s - reeting 'Q“"'-.:"'qi Caléndar) -
URL | 23, | Print Screen 4 SR —
UR 2. 23. Save Image / Clip on Disk
UR 3. 24. View only / presentation mode No Matching Concepts
UR 4. 25. Editable file for author »
UR 5. 26. Capture the fonts used for captipns
UR 6. 27. Create a screensaver using any
picture from the album
UR 7. 28. Create a wallpaper for desktop
UR 8. 29. Select the image

We have completed the dissection of diverse interface metaphor at this point. An
example of dissecting the Animate Metaphor is given in the next section.
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Discussion

The dissection classroom interface metaphor reveals the levels within the
multitudinous conceptual structure. It also reveals the cognitive map of
‘classroom’ froﬁ1 the viewpoint of the school children in India. The
importance of tuning the aspects of interface metaphor like focus,
perspective, and field of view is conveyed through this example. One can
witness the matching of boundaries between the software scope and field of view
of metaphor at the end of Cross-Domain Mappings (CDMs). The Terminus concept
of every Cross-Domain Mapping (CDM) and Dissection Termination (DT)
point establishes that the Unmapped Concepts (UCs) are beyond the
existing software scope and field of view of interface metaphor. The list of
Unmapped Concepts (UCs) already includes some concepts like library, staff room,
and computer lab that are beyond the field of view. The terminology of CDMs, UCs,
URs, Terminus and DT Point give proper insight into the dissection activity.

The second level  dissection included examples of both inanimate and animate
metaphors. Dissection of Animate Metaphor like ‘teacher’ shows how the behavior
of human role can be fragmented in terms of traits and actions for conceptualizing

the behavior of software.

Dissection of QuickMM Album Author showed how the supporting interface
metaphors like exhibition, calendar, and greeting card have added super-
affordances to album as core interface metaphor. This is an example of
cooperative integration of diverse interface metaphors. Metaphoric concepts like e-
mailing a selected photograph from the multimedia album as a digital greeting card;
publishing a website of multimedia albums as an exhibition; creating a calendar
using selected photographs for display on the desktop; show how the supporting
interface metaphors can enrich the conceptual structure of the album interface

metaphor.

The examples presented in this chapter also prove the classes of interface

metaphors namely coherent and diver’se, which are based on cognitive

maps.
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Chapter 6. Quantitative Evaluation of Interface Metaphor

Concept-by-concept dissection of interface metaphor provides objective basis for its
quantitative evaluation contrary to intuitive approach of interface designers.
Researchers like Marcus [1994, 1995, 1998, 2002], Vaantinen [1994], Madsen
[1994], Smilowitz [1996] and many others have emphatically stated the lack of
theoretical basis for the evaluation of interface metaphors. Therefore, a technique
for quantification of interface metaphor is evolved. It is based on the
outcome of the dissection. One can derive several inferences with regard to
the potentiai, coverage, applicability and extensibility of interface metaphor

based on the quantitative evaluation.

6.1 Elements of Quantification
Dissection of interface metaphor is a prerequisite activity before the gquantitative
evaluation. (S)he has to quantify the dissected outcome as given below.

Dissection of interface metaphor (first level):

Count the total number of-
Software Requirements (presented under ‘application domain’)
Metaphoric Concepts (presented under ‘reference domain’)
Cross-Domain Mappings (CDMs)
Unmapped Concepts (UCs)
Unmapped Requirements (URs)

i b w e

Dissection of individual CDMs:
Count the total number of-
1. Cross-Domain Mappings (CDMs) taken up for second level

dissection
2. New Software Requirements identified (presented under

‘application domain’)
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3. New Metaphoric Concepts identified (.presented under ‘reference
domain’) .
4, Cross-Domain Mappings (CDMs)

ol

Unmapped Concepts (UCs)
6. Unmapped Requirements (URs)

Quantifying the types of multimedia representations:
Multimedia representations proposed in front of every CDM may be counted
based on each type.

Quantification of categories based on the levels of conceptual
structures:

Count the levels of Conceptual Structures -

1. Domain

Conglomerate
Multitudinous
Inanimate Singleton
Animate Singleton

O A WN

Flat Concepts

A separate table may be prepared to present the aggregate figures. In the following
sections of this chapter, quantitative evaluations of coherent/multitudinous
conceptual structure, diverse/inanimate singleton conceptual structures and animate
singleton conceptual structure dissected in Chapter 5. are presented.

We are introducing a few more new terms such as Conceptual Bandwidth, Usable
Conceptual bandwidth, Coverage of Interface Metaphor in the context of quantitative
evaluation. These are explained in the following points.

6.1.1. Conceptual Bandwidth
The total number of concepts emerged out of the dissection of interface

metaphor are called as its conceptual bandwidth. 1t is relevant only in the
context of the software project for which the interface metaphor is dissected. The
same interface metaphor can provide different amount of conceptual bandwidth
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depending on the perspective, focus and field of view that vary from project to
project, as explaiqed in Chapter 1.

6.1.2. Usable Conceptual Bandwidth
The total number of Cross-Domain Mappings (CDMs) formed during the

dissection activity defines the usable conceptual bandwidth of interface
metaphor. :

6.1.3. Coverage of Interface Metaphor
This is the total percentage of software requirements mapped with the
interface metaphor gives you the coverage of interface metaphor.

6.1.3.1. Rating the Coverage of Interface Metaphor

Ratings can be given on the basis of the percentage of coverage offered by the
interface metaphor. The guidelines for rating the coverage of interface metaphor are

given below.

Table 6.1 Rating the coverage

0% to 20% Poor
20% to 40% Average
40% to 60% Good

60% to 80% Excellent
80% to 100% Outstanding

If the coverage is less than 40% then users are likely to fail in comprehending the
overall interface metaphor. In our testing the subjects require continuous exposure
of minimum 30 to 40% of the concepts to be able to guess the complete metaphor'’.
Minimum 30% to 40% of exposure of the conceptual structure is sufficient to
activate the right cognitive map for the average users. The metaphoric concepts get
scattered between the Unmapped Requirements (URs) and become unnoticeable.
Users fail to correlate the scattered metaphoric concepts. It fails to invoke the

cognitive map of users.

17 We required mentioning of minimum concepts like desk, schoolbag and blackboard for the subjects to be
able to guess that the classroom is being described.
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User interface designer has to ensure that the coverage of interface metaphor is at
least in the range of 40% to 60% (Good) while selecting it. If it is rated as average
or poor then the user interface designer should consider different alternatives or go
for diverse metaphors, e.g., ‘album’ metaphor used in QuickMM Album Author
(Katre, 2001) barely covers 34% of requirements (see 6.4.2).

The ‘classroom’ metaphor is offering a total coverage of 80% (Refer 6.2.1).

Therefore it is rated as an outstanding interface metaphor for Inscript Typing Tutor

software.
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6.2 Quantitative Evaluation of Coherent interface Metaphor
Elements mentioned in Section 6.1 are quantified for the ‘classroom’ interface
metaphor dissected in Section 5.2, Chapter 5.

6.2.1. Quantitative Evaluation of ‘Classroom’ Metaphor

Table 6.2 Quantification of First Level Dissection
(Refer Tables 5.1, 5.2, 5.3)
Application Domain Total | Reference Domain Total
Soft. Requirements 32 Metaphoric Concepts 40
Mapped Soft. Requirements 24 Mapped Metaphoric Concepts 24
3 Total No. of URs 8 Total No. of UCs 16
Table 6.3 Quantification of Second Level Dissection (CDM1+5)
(Refer Table 5.4 and Table 5.5)
Application Domain Total | Reference Domain Total
No. of CDMs selected for second level dissection 2
New Soft. Requirements 7 New Metaphoric Concepts 11
Mapped Soft. Requirements 7 Mapped Metaphoric Concepts 7
Total No. of URs 0 Total No. of UCs 4
Total count of Tables 6.2 and 6.3 is presented in Table 6.4.
Table 6.4 Aggregate Projections
* Application Domain Total | Reference Domain Total
Soft. Requirements 39 Metaphoric Concepts 51
Mapped Soft. Requirements 31 Mapped Metaphoric Concepts 31
Total No. of URs 8 Total No. of UCs 20
Total conceptual bandwidth of ‘classroom’ metaphor = 51 Concepts
Total usable conceptual bandwidth of ‘classroom’ metaphor = 31 CDMs
Coverage of ‘classroom’ metaphor = 80%
L 3
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Classroom Interface Metaphor

Inscript Typing Tutor
(Reference Domain)

(Application Domain)

Cross-Domain
Mappings

Unmapped Requirements (URs) Unmapped Concepts (UCs)

(8+31) 39 (31+20) 51
Software Requirements Total Metaphoric Concepts

Figure 6.1 Aggregate projections of ‘classroom’ interface metaphor
It is possible to draw a variety of inferences and develop new insights through the
quantitative evaluation of ‘classroom’ interface metaphor. We have also dissected
and quantified several other interface metaphors to arrive at the inferences given
below. These are true for all coherent interface metaphors.

6.2.2. Proportion of A and B

Declaration:
» A stands for Metaphoric Concepts

= B stands for Software Requirements

(Coherent Metaphor Case)

If A > B then
1. The coherent interface metaphor has adequate potential and it can provide

good coverage for the given software.
2. Thereis bound to be some Unmapped Concepts (UCs) that can be utilized for
future versions of software. The interface metaphor is extendible.
(Diverse Metaphor Case)

If A < B then .
3. The metaphor may not have adequate potential for the given software.

4. One might require using diverse interface metaphors.
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6.2.3. Proportion of Coverage Versus Usage
Percentages of coverage of the metaphor and usage of metaphoric concepts can be

projected as shown in Figure 6.2. and Figure 6.3.

B URs 20% !

Software
Requirements mCovered Req. 80%

i O Coverage B URs

Figure 6.2 Proportion of Software Requirements covered by metaphor

@ UCs

Interface

60%
Used Concepts

OUCs B Mapped Concept#

Figure 6.3 Proportion of Usage of metaphoric concepts

Declaration:
= C stands for percentage of covered software requirements

=« D stands for percentage of used metaphoric concepts

Following inferences can be drawn.

If C > D then
1. The metaphor is well synchronized with the proposed software.

If C < D then
2. Scope for enhancements in the interface metaphor possible. Supporting

metaphors may be needed.
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6.2.4. Proportions of Structural Categories

Table 6.5 Proportion of
Structural Categories
(Refer Tables 5.1, 5.4, 5.5)

Domain (D) None
Conglomerate (C) None
Multitudinous (M) 6

Inanimate Singleton (IS) | 13

Animate Singleton (AS) 2

Flat (F) 30

Chart 6.4 Proportions of metaphor categories
Usually the Multitudinous and Animate Singleton Conceptual Structures are very less
in number if compared with Inanimate Singleton Conceptual Structure and Flat
Concepts. Flat Concepts are always the largest in number. This trend is common in

most interface metaphors.

6.2.5. Quantifying the Types of Multimedia Representation
Counting the types of multimedia representation is helpful in visualizing technical

and creative skills required for developing the interface. For example, some Cross-
Domain Mappings (CDMs) demand special interface programming effort. Some
Cross-Domain Mappings (CDMs) amount to developing entire functionality itself.
These can complicate the software design issues. Quantifying the types of
multimedia representation helps the project manager in anticipating the provision of
resources like time, manpower and finance. Table 6.6 shows the occurrence of

various types of multimedia representations in the ‘classroom’ metaphor.
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Table 6.6 Counting the Types of
Multimedia Representation
(Refer Tables 5.1, 5.4, 5.5)

Icon (I) 15
Visual (V) 12
Animation (An) 5
Audio (A) 4
Text (T) 2
Hyper Text (HT) 1
Layout (L) 18
Interface Programming (IP) 17
Functionality (F) 8
18 | ;

1

|
| Vv An A T HT L P Fn

Figure 6.5 Proposed types of multimedia representation

Figure 6.5 provides a graphical representation of Table 6.6.
At this point, we have finished the quantitative evaluation of ‘classroom’

interface metaphor. This example also reveals the characteristics of a

typical coherent metaphor with Multitudinous Conceptual Structure.
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6.3 Quantitative Evaluation of Animate Metaphor
The ‘teacher’ (Animate Metaphor) dissected in section 5.3, Table 5.6 is quantified in
terms of the coverage and depth of every trait represented in the software. This type
of evaluation is slightly different than the way it is done for coherent and diverse
interface metaphors.

Table 6.7 Calculation of Coverage and Depth of Traits
in Application Software
__(Refer Tabl

" "_"\—*'—'

1. 1.1 Knowledge sh
Teach | demonstt_'atig )

.27 Ask surprise questions
1.3 Quote examples

I'1.4 Give:assignments .

Soiaty e

‘ No Connectmg Behavior
%, | % L Practice /. Assignments... . ¥|.100% -

Total Coverage 50% | Total Depth 50%

6.3.1. Quantifying the Coverage of Traits

Every trait translates into a set of specific actions. The percentage of actions
matching with corresponding software requirements indicates the coverage
of a particular trait in the software. For example, in Table 6.7 check the trait no.
1 titled as ‘teach’. It is fragmented into four actions 1.1 to 1.4. Out of these actions,
1.2 and 1.3 do not have matching software requirements. Therefore the coverage of
this particular trait in the software is about 50%.

6.3.2. Quantifying the Depth of Traits

As shown in Table 6.7, every action is fragmented further into sub-actions.
similarly the software requirements are also fragmented into sub-
requirements. User interface designer should evaluate the percentage of
sub-actions vis-a-vis the sub-requirements. It indicates the depth of a
particular action in the software. All actions put together provide you the

percentage of the trait, e.g., the ‘teach’ trait has only 50% depth in the proposed

software.
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Table 6.8 Coverage and depth of a trait in the software

Traits Coverage Depth
1. Teach 50% 50%
2. Observe 66% 36%
3. Administer 66% 66%
4. Guide 33% 33%
5. Encourage 0% 0%
6. Inspire 0% 0%
7. Entertain 33% 33%
8. Evaluate 75% 75%
Averages 40% 36%
Total Behavioral 38%

Metaphor

Table 6.8 and Figure 6.6 indicate how much the software behavior is conceptualized

as per the animate singleton metaphor. Software and interface designers can

visualize new features and functionalities required for improving the coverage and

depth of each trait in the software. Percentages of both the coverage and depth

of every trait can be increased by improving the user interface and

functionality of the software in its subsequent versions.

80%

70%

60%
50% -
40% -

Coverage
@ Depth

Figure 6.6 Trait wise coverage and depth of animate metaphor
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Following inferences can be drawn based on the quantitative evaluation of ‘teacher’
as an Animate Metaphor. The stronger, weaker and missed out traits in the

software can be identified.

Inscript Typing Tutor has fairly addressed the following traits.
= Teach
« Administer
= Evaluate

Following traits are very weak in the software.

=  Observe
=  Guide
s Entertain

The software does not address following traits.
= Encourage
« Inspire

At this point, we have completed the quantitative evaluation of Animate

Metaphor.
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6.4 Quantitative Evaluation of Diverse Metaphors

6.4.1. Quantitative Evaluation for QuickMM Album Author
Table 6.9 presents the aggregate projections of diverse interface metaphors

dissected in Section 5.4, Chapter 5.

Table 6.9 Aggregate Projections of Diverse Metaphor
(Refer Tables 5.6, 5.7, 5.8, 5.9, 5.10)
Application Domain Total | Reference Domain Total

Total Software Requirements | 29 Core metaphor (Table 5.6) 10
Supporting Metaphor (Table 5.7) 5
Supporting Metaphor (Table 5.8)
Supporting Metaphor (Table 5.9)

Total Metaphoric Concepts 21
Mapped Software Requirements | 21 Mapped Metaphoric Concepts 21
URs 8 UCs 0

In case of diverse interface metaphors, the total of core and supporting interface

metaphors has to be presented as the total number of metaphoric concepts.

Calendar (Supporting Metaphor)

Greeting Card
(Supporting Metaphor)

Exhibition (Supporting Metaphor)
Unmapped Requirements (URs) , . \
/ - Reference Domain

(10+5+3+3) 21 Total Metaphoric Concepts

Album (Core Metaphor)

Application Domain and
(21+8) 29 Software Requirements Cross-Domain Mappings (CDMs)

Figure 6.7 Aggregate projections of diverse metaphors
Figure 6.7 shows that the design of application and reference domains is very

complex.
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Total conceptual bandwidth of diverse metaphors = 21 concepts
Total usable conceptual bandwidth of diverse metaphors = 21 CDMs
Total coverage of diverse metaphors = 72%

All diverse interface metaphors together can be rated as excellent for
QuickMM Album Author software as per the guidelines given in 6.1.3.

Following inferences can be drawn on the basis of quantitative evaluation of diverse

interface metaphors. These are true for all diverse interface metaphors.

6.4.2. Proportions of Core and Supporting Metaphors

010% 0 10%

-027%

Meti:::;flor Core wtaphor
@ Supporting Metaphor 1.
O 34% 0 Supporting Metaphor 2.
O Supporting Metaphor 3.
O Non-covergage

Figure 6.8 Proportion of core and supporting metaphors

Figure 6.8 shows the proportions of core metaphor, supporting metaphors and
Unmapped Requirements (URs). ‘Album’ is the core metaphor as it contributes the
largest percentage (34%) of metaphoric concepts if compared with the supporting
metaphors. It reveals a very important rule that the supporting metaphors
should be downplayed than the core metaphor. ‘Exhibition’ metaphor has a
Conglomerate Conceptual Structure, which is richer than the ‘album’ metaphor as it
provides Singleton Conceptual Structure. But the ‘Exhibition’ metaphor has been

downplayed (treated as a Flat Concept) for not changing the scope of software.
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Table 6.10 Proportion of Metaphoric Coverage Versus Usage
Coverage 72% | Usage 100%
Unmapped Requirements (URs) | 28% | Unmapped Concepts (UCs) 0%

In case of diverse interface metaphors, there are no Unmapped Concepts (UCs) left.
At the same time, 28% of requirements remain unmapped. In such case, it is going
to be challenging to extend the metaphoric concepts for future versions of the
product. With every new requirement added, new metaphors will have to be

explored.
Table 6.11 Proportion of Structural Categories
(Refer Tables 5.6, 5.7, 5.8, 5.9, 5.10)

Domain (D) None
Conglomerate (C) None
Multitudinous (M) 1
Inanimate Singleton (IS) 4
Animate Singleton (AS) None
Flat concepts (F) 16

Table 6.11 corroborates with the observations given in 6.2.4. The proportion of
Multitudinous, Inanimate Singleton Conceptual Structures and Flat Concepts follow
similar trend in both coherent and diverse interface metaphors.

At this point, the quantitative evaluation of diverse interface metaphors
chosen for QuickMM Album Author software is completed. This example has
captured all the characteristics of the cooperative integration of diverse

interface metaphors.
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6.5 Trade-offs
Yousef [2001] has mentioned that a method is necessary for observing the trade-offs
between the design of software and the interface metaphor so that they can be
monitored. Our systematic method of dissection, analysis and quantitative
evaluation of interface metaphor proposed in this dissertation is extremely
helpful in spotting the possible trade-offs.

The said trade-offs between the software and the interface metaphor can happen in
terms of re-sequencing, restructuring and identification of new software
requirements. The trade-offs that happened during the dissection of ‘classroom’

interface metaphor are discussed in this section.

6.5.1. Re-sequencing
Usually the software requirements get documented in the same sequence, as they

are being told by the user or found by the analyst. It is a spontaneous activity. The
list of requirements may not follow any logical sequence. During the software design
stage, the software designer reorganizes the software requirements according to the
design.

The interface metaphor can influence the sequence of requirements as per its own
conceptual structure. For example, the software requirements enlisted in Table 5.1
can be re-sequenced as per the conceptual structure of ‘classroom’ metaphor. IDs of
software requirements are mentioned for indicating the revised sequence as shown
below (refer Table 6.12).

Req. IDs. 13, 24,1,12, 2, 3,16, 17, 18, 23, 4,5, 6, 7, 20, 8, 21, 14, 15, 11,
9, 22,10

The re-sequencing has been done as per the linear order of activities related to the
classroom. For example, one has to enroll in the class first, therefore ‘Req. ID. 13-
Register User Name’ becomes the first requirement. The attendance register (Req.
ID 24-Log Maintenance) comes next. It is followed by 'Req. ID 1-Introduction To
Indian Scripts’. Other Req. IDs are arranged using the similar sequencing.
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Table 6.12 Re-sequencing of software requirements
(as per the conceptual structure of ‘Classroom’ Metaphor)
Cross Domain Mappings (CDMs)

CDM Req. Application Domain Reference Domain

Nos. IDs Requirement Titles Classroom
CDM 13, | 13. Register User Name Enrolment in the class
CDM 24. | 24. Log maintenance Attendance Register
CDM 1. 1. Introduction to Indian Scripts Book
CDM 12. | 12, Provide guidance & tips Teacher / Typing Expert
CDM 2, 2. Demonstrate writing Blackboard
CDM 3. 3. Drawing area for practice Slate / Notebook
CDM 16. | 16. Show demo and drawing area Blackboard & Slate
CDM 17. | 17. View demo only Teacher only (Blackboard)
CbM 18 | 18. View my drawing area only Student only (Slate)
CDM 23 | 23. Tools Toolbox
CDM 4. 4. Reference of letter (on/off) Tracing paper, Stencil
CDM 5. 5. Draw tool Pencil
CDM 6. 6. Erase drawing Duster
CDM 7. 7. Refresh New clean slate
CDM 20. | 20. Visual Key pressing by mouse Key pressing sound
CDM 8. 8. Typing speed Stopwatch
CDM 21 | 21. Warning signal Teacher’s Whistle
CDM 14. | 14. Save settings (slate, pencil, Keeping it in toolbox

color)
CDM 15. | 15. Save my typing / writing Keeping it in the drawer
CDM 11. | 11, Save current state of work Packing the schoolbag
CDM 9. 9. Open drawing Taking it from drawer
CDM 19, | 19. Build letter forms with Puzzle / Game /Quiz
components

CDM 22. | 22. Performance evaluation Mark sheet and Certificate
CDM 10. | 10. Authentication of certificate Signature of Examiner

6.5.2. Restructuring

The conceptual structure of the interface metaphor can also help in restructuring the
software requirements. Change in the sequence and structure of software
requirements can influence the design of software. The software and user interface

designers have to arrive at some compromises to address the needs of software and
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interface design both. Figure 6.9 shows how the classroom metaphor has
restructured the software requirements of Inscript Typing Tutor.

& Inscript Typing Tutor
B CDM-13
== Modules
B Leam
= Script
f CDM-1
-~ CDM-2
....... CDM-16
e COM-17
=~ CDM-3
------ CDM-4
........ CDM-5
------ CDM-6
~~~~~ CDM-7
------- CDM-18
= CDM-8
e COM-11
..... CDM-15
=~ CDM-23
------ CDM-5
- CDM-8
e CDM-14
& Typing
- CDM-8
i CDM-20
& Play
f....CDM-19
(& Evaluation
i CDM-10
--CDM-22
B Animate Singleton
B} CDM-12
e COM-21
. Further Dissection Needed

Figure 6.9 Restructured software requirements

6.5.3. Insight of New Requirements

The dissection of interface metaphor also provides insight into new software
requirements. Especially, during the second and third level dissection of CDMs, the
metaphor reveals concepts that indicate finer details of a particular software

requirement e.g. refer Tables 5.4 and 5.5. The newly identified requirements can be
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accepted or rejected in consultation with software designer and the user. This is
another kind of trade-off that can happen during the dissection of interface

metaphor.

L]
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6.6 Comparison Between Candidate Interface Metaphors
It is possible to compare two or more candidate metaphors on the basis of various
aspects and quantifiable attributes of interface metaphor introduced by us so far.
Comparison between the ‘classroom’ and ‘office’ cabin metaphors used for Inscript
Typing Tutor is presented below. Dissection of ‘office cabin’ metaphor is presented in

Appendix E.

Table 6.13 Comparison between the candidate interface metaphors
Parameters Classroom Office Cabin
Knowledge Dimensions Day-to-day Professional
Relational Class Coherent Coherent
Structural Category Multitudinous Multitudinous
Perspective Children Adults
Flavor and Tone Colorful, playful, obvious | Less colorful, formal, subtle
Software Requirements 39 39
Cross-Domain Mappings (CDMS) 31 31
Conceptual Bandwidth 51 " T40
Usable Conceptual Bandwidth V31 ' ‘ 31
Unmapped Concepts (UCs) 20 (40% of total) - | 9 (23% total)
Unmapped Requirements (URs) | 8 - 8 §
Multitudinous 6 - T ,--22?

Inanimate Singleton 13 E ) 12
Animate Singleton 2 | E L ‘.1' .
Flat Concepts 30 ‘ 24

Both metaphors have produced somewhat identical mappings as they were tuned for
the same software. This resulted in similar field of view, focus and usability
requirements. User interface designer can compare the candidate metaphors and
evaluate their potential on empirical basis. The comparison shown in Table 6.13
indicates that the ‘classroom’ metaphor has greater potential and extensibility

from the perspective of Inscript Typing Tutor software.
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Discussion

Relational classes, structural categories, the aspects of tuning and concept-
by-concept dissection of interface metaphor all together have made it
possible to quantify the metaphor. The new terminology of CDMs, UCs, URs, DT
point, and usable conceptual bandwidth helps us in grasping and measuring the
spread of the interface metaphor. We have provided various equations to establish
the relationships and interdependence between these factors. So far metaphors
were treated as a subject of art and along came the spontaneity, intuition
and subjectivity. But the theoretical basis developed so far has converted it
into a systematic process. The documented outcome of dissection, and
quantitative evaluation of interface metaphor, is usable to software
designer, as the data is presented in objective terms. The quantification of
interface metaphor provides clear insights into the way the user experience of the

software is shaping up.
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Chapter 7. User and Application Domain Lexicons

In addition to the multimedia representations of interface metaphor, the verbal
expression associated with each representation is extremely important for its
comprehension by the users. The interface metaphor is reinforced by the associated
proposition expressed in verbal form. The verbal expression can be effective only if it
captures the vocabulary of specified users. These verbal expressions can also be
metaphorical. These are basically linguistic metaphors but they need to be treated
differently as they have to function in union with the multimedia representations of
interface metaphor. Therefore, we propose to build User Domain Lexicon
(UDL) and Application Domain Lexicon (ADL), as the main resources for

designing the proposed linguistic metaphors.

7.1 User Domain Lexicon (UDL)
After identifying the candidate interface metaphors using the techniques given in
sections 3.1 and 3.2, it Is necessary to capture the vocabulary of users associated
with the selected interface metaphors. The vocabulary contains words and phrases
that originate from the selected interface metaphors and the user domain. We call
the collection of this type of vocabulary as User Domain Lexicon (UDL).

User Domain Lexicon (UDL) can be built simultaneously while the selection, tuning
and dissection of interface metaphor goes on. But it becomes a much more focused
and simpler task after the interface metaphor is dissected. Unmapped
Requirements (URs) emerged after the dissection of interface metaphor can
be represented using linguistic metaphors up to some extent.

With reference to SDLC, the creation of User Domain Lexicon (UDL) happens during
the stage of requirements elicitation. User interface designer has to perform
following activities for building the User Domain Lexicon (UDL).
1. Record the narrations given by users about the processes to be
computerized using a Dictaphone or any other audio / video recording

devices.
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2. Digitize the paper material such as printed forms, sample pages from
registers, brochures, handouts and notable hand written comments and
entries.

3. Take photographs or note down all intriguing textual references, which
may have appeared on signboards, notice boards, posters and other
sources visible in the premise of users. Digital camera or camera phone
can be used for still photography.

4. Document the words and phrases related to the interface metaphor and
the tasks performed by users.

Having finished the acquisition of various lexical sources, the user interface designer
should -

1. Decompose the users’ vocabulary in categories such as verbs, adjectives,
nouns, technical terms, phrases and document them extensively.

2. Interact with users and find out the connotations, underlying concepts,
and hidden meanings associated with the lexical acquisitions.

3. Investigate the mental models associated with the vocabulary.

4, Observe the application of user vocabulary in different situations.

7.1.1. Mental Models Associated with UDL
Mental model reveals the postulated meanings associated with the words or phrases

used by the users. It is possible to uncover the mental models through focused
interviewing and discussions with users. It is very important to understand the
difference between the definition of a word and the mental model associated with it.
The definition of a word explains its standard meaning and the conceptual breakup;
whereas, the associated mental model reveals the common pattern of understanding
in terms of inferences, conclusions, interpretations, predictions, assumptions of

users.

7.1.2. Discovering the Mental Model
One has to probe into the following aspects of all the lexical acquisitions in UDL. The

mental model associated with a word is revealed if the user interface designer finds

answers to following questions.

=  Who uses it?
« What does it convey to users?
»  How other concerned individuals react to it?
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*» What experiences are connected with it?

* How much gravity or importance do they attach to it?

* How is it used in different situations?

*= What assumptions are associated with it concerning quality, reliability, errors,
and problems?

» In which script do they prefer to write the lexical acquisitions?

*= What do they guess or infer about the status of a process when a particular
word or phrase is used?

* What kind of abbreviations and colloquial terms do they use? (These terms
need not be in one particular language. In Indian scenario, one finds mixed
usage of English, Hindi and the regional language in most states.) This
investigation is more applicable if one is trying to localize the user interface.

This information expresses much more ground knowledge than the theoretical
definition of a word used by users. It also captures the tacit knowledge of users.

71.3. Format for Documentation of UDL
Lexical acquisitions should not be arranged alphabetically. It is better to arrange

them task wise or Cross-Domain Mappings (CDMs) and Unmapped Requirements
(URs) wise. This reduces the chances of misuse due to superficial understanding of
user vocabulary. The format for User Domain Lexicon (UDL) includes columns titled
as Task or Cross-Domain Mappings (CDMs), words /phrases, Language/Script,
Definition, Context of Application and Mental Model. Language/Script column includes
information about language and the script in which users spell out a particular word.
'In the Mental Model column, one has to write the tacit meanings associated with a
particular word or phrase. This attribute may or may not be applicable to all terms.
Appendix F, Table F1. presents some examples of mental models discovered in the
museum staff for the words like accession no., classify, comment, approve, sensitive,
etc. for the digital library project of Prince of Wales Museum, Mumbai. The author of

this dissertation carried out this experiment.
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7.2 Application Domain Lexicon (ADL)
While preparing the user interface prototypes, several labels, titles and instructions
are used as part of the buttons, dialog boxes and menus. This expression is usually
full of technical terms related with software procedures. Most of these terms are part
of the vocabulary of software development team. A collection of such terms is called

as Application Domain Lexicon (ADL).

User interface designer prepares the Application Domain Lexicon (ADL) in the same
format used for User Domain Lexicon (UDL). Technical procedures introduced in the
software are likely to be different than the conventional procedures practiced by
specified users. Therefore, the assumptions, dependencies, and constraints
associated with the technical terms may be documented under the column of Mental
Models. This represents the mental model of software development team. The format
of User Domain Lexicon (UDL) can be used for documentation of Application Domain
Lexicon (ADL) except for the Language/Script column, as it is not so much
applicable. Refer Appendix F, Table F2. to see the sample of Application Domain
Lexicon (ADL).
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7.3 Fusion of UDL and ADL

Appropriate terms from User Domain Lexicon (UDL) and Application Domain Lexicon
(ADL) have to be fused or replaced for designing the linguistic metaphors.

7.3.1.  Traceability of Lexical Tradeoffs

Usually, verbal expressions used in the user interface are evolved in a very
unsystematic manner. Authentic and reliable sources like User Domain Lexicon (UDL)
and Application Domain Lexicon (ADL) are not available. Software terminology and
unplanned mixture of words from user domain happens without any control. Building
of User Domain Lexicon (UDL) and Application Domain Lexicon (ADL) can immensely
benefit in controlling the fusion of two sets of vocabularies. The trade-offs between

the two lexicons become easily traceable.

7.3.2. Conceptual Parallels Between ADL and UDL

It is possible to replace the software terms from Application Domain Lexicon (ADL)
by the domain specific terms from User Domain Lexicon (UDL) for designing the
linguistic metaphors. Terms from both lexicons having conceptual similarity may be
juxtaposed to find the parallels.

Table 7.1 Fusion of ADL and UDL

Application Domain Lexicon (ADL) User Domain Lexicon (UDL)
Make an Executable Bind the Album
As per the software developer, above | In the conventional album making
feature does the following- process, binding an album conveys the

« It copies all linked files such as |following to the photographers and
images, animations, audio clips into | common users.

one folder. = Completing the insertion of
= It copies required support files for photographs.
running the application. = Giving captions to pictures.
« It packages the application along | = Covering the album with a
with the viewer software. decorative title.
« It allows the user to distribute the | » Packaging it for distribution and
application on CDs. viewing by others.
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Well-known types of linguistic metaphors such as similarity, entity and
substance, orientation, personification, metonymy, similarity, etc. [Lakoff et
al., 1980] can be discovered by juxtaposing the terms from Application Domain
Lexicon (ADL) with User Domain Lexicon (UDL). The definitions and examples of
these linguistic metaphors are provided in Appendix F1.3.

For example, QuickMM Album Author software used a phrase ‘make an executable’
which was replaced by ‘bind the album’. Furthermore, even the name of software
mentions ‘Album’. This word immediately orients the users about what the software
has to offer. See Table 7.1 for the break up of conceptual similarity between these

phrases.

JATAN: Virtual Museum Builder has various modules that deal with administration,
subscription, decision-making, data entry, etc. These are hamed as Admin. Register,
Subscription Register, Decision Register, Data Entry Register. This is found
immediately understandable and acceptable to the museum staff as they always deal
with a variety of registers. The Admin. Register of JATAN allows managing the rights
of users. It is titled as ‘delegation of authority’ as that is familiar to the higher
authorities of museum. All these are similarity metaphors.

In the user interface prototype of JATAN, after finishing the data entry of a record it
flashed a dialog as, ‘this record is now accessible to curator’. Actually a record
becomes accessible to curator from the database itself. It does not have to physically
traverse from Data Entry Operator to Curator as in real life. But to give appropriate
directional orientation to the users, the dialog is designed as ‘the record is forwarded
to curator’. In this case the comparison of Commentary of Task Performance (CTP)
with Interface Play Script (IPS) became useful as given in Table 3.4 in chapter 3.
Also when a record is commented by Curator or Director an instruction is displayed
before the Data Entry Operator as ‘a record has returned with comments’. In this

case ‘forwarding’ and ‘returning’ are orientation metaphors.
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‘X number of records await your approval’ is an example of metonymical metaphor.
‘A record’ or ‘A register’ are examples of entity and substance metaphors because
they are addressed as entities when they are actually nonentities in the software.

In case of Inscript Typing Tutor, the interface prototype in Figure 9.6 shows play,
pause, stop controls under the backboard window. These are used for viewing the
animation clips that show how a particular letter is drawn. Play, pause, stop controls
have appeared, as the software designer knew that the content would be presented
in animation format. In the later stage it was changed into ‘show me how to write’,
‘*hold on’, 'stop writing’ type of tool tips. The author of this dissertation made these
changes in order to comply with the ‘classrocom’ interface metaphor. The idea is to
give a feeling to the students that they are requesting the teacher.

Linguistic metaphors have always prevailed in software but no process was available
to design them. Majority of linguistic metaphors in software are spontaneous
creations but User Domain Lexicon (UDL) and Application Domain Lexicon (ADL)
serve this purpose in a systematic manner.

Discussion

Creation of User Domain Lexicon (UDL) and Application Domain Lexicon
(ADL) proposed in this chapter helps in braiding the user’'s and design
models. The technique of juxtaposing both the lexicons provides the logical
reasoning for deciding the names of features. It is also helpful in capturing the tacit
knowledge of users. Both lexicons can be shared over the network, for the
common reference of software teams working across different geographic
locations. This can prove very useful in offshore software projects. User
Domain Lexicon (UDL) especially can be useful beyond the confines of a software
project. A software company can continue to enrich it if they are specializing in a
particular market segment. Thus the design process of linguistic metaphors
proposed in this chapter brings completeness to the overall visualization of

interface metaphor.
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Chapter 8. Usability Heuristics of Interface Metaphor

The HCI researchers have stated the need of defining the theoretical basis and
evaluation method for the qualitative study of interface metaphors [Madsen, 1994]
[Vaantinen, 1994] [Smilowitz, 1996] [Marcus, 1994, 1998]. ‘Match between the
system and real world’, the well-known usability heuristic proposed by Neilson and
Molich [1990] suggests the application of real world metaphors. But it does not
explain the heuristic criteria for qualitative evaluation of interface metaphor. This
heuristic is expanded further into 8 major criteria, 23 sub-criteria, and 41
Usability Indicators in the form of questions, for the usability evaluation of
the interface metaphor. The eight heuristic criteria are named as
Familiarity, Representability, Similarity, Extensibility, Compatibility, Co-
operability, Cognitive Ergonomics and Feasibility.

Numerous existing applications of interface metaphor are studied for evolving the
criteria for heuristic evaluation. During this study, it was found that most applications
of interface metaphor comply with only one or two heuristic criteria at a time out of
the entire set defined in this chapter. This is due to unavailability of comprehensive
theoretical basis for visualization of interface metaphor as stated above. Some of the
insightful examples of interface metaphor are cited in Appendix G.

Some of the existing sub-criteria from the domains like semiotics, visual
communication and cognitive psychology are incorporated as part the usability
heuristics defined in this chapter and duly acknowledged. The existing and newly
identified criteria are presented in a structured manner to formulate a
complete heuristic evaluation method for interface metaphor.

In the following discussion, for some of the sub-criteria, ‘multimedia rendering’ is
suggested as the ‘basis for evaluation’. Multimedia rendering of interface metaphor is
explained in Chapter 9. Basis of evaluation of every sub-criterion is indicated and

acknowledged where other researchers have already contributed.
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8.1 Usability Heuristics

All the criteria, sub-criteria and Usability Indicators mentioned in this section
together are helpful in the qualitative evaluation and ensuring overall usability of
interface metaphor for the proposed software. Each Usability Indicator'® of every
sub-criterion has been allotted maximum positive ratings of 3 points (High: +3,
Medium: +2, Average: +1). Negative ratings (Low: -1, Bad: -2, Worst: -3) can also
be applicable at the time of evaluation. Total maximum ratings for every criterion are
also mentioned. Refer Section 8.2, Table 8.2 for more details of quantitative metrics
for evaluating the merit of the interface metaphor.

The following sub-sections present the details of eight heuristic criteria
namely Familiarity, Representability, Similarity, Extensibility, Compatibility,
Co-operability, Cognitive Ergonomics and Feasibility.

18 The pointer to a specific condition, which determines the usability
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8.1.1.  Familiarity

1. Familiarity

Basis for

Sub-criteria Evaluatiof Usability Indicators Rating
L. 1. Do they have complete experience and
Existing cSrtudy of knowledge knowledge of the reference domain 3
imensions "
Knowledge (Refer Chapter 3.) selected as interface metaphor?
PIETS:) | Refer Appendix G1.1 for examples.
2. s the perspective of interface metaphor 3

matching with the usual perspective of

users towards the reference domain?
3. Does the reference domain have prominent | 3

and well-known identifiers (to the specified

users) for its recognition?
Perspective | Contextstudy ) g

(e, 455) The perspective of users is defined by their

position, needs and interests. The prominent
identifiers include unique shapes, sizes, colors,
textures, sounds, etc.

Refer Appendix C1.1 for examples.

4. |s it common to most users in a stratified 3

group?
Study of knowledge
Generality dimensions Generality signifies the applicability of interface
(Refer Chapter 3.) | metaphor to the entire class of users.

Refer Appendix G1.2 for examples.

Maximum Rating | 12

The existing knowledge and perspective of specified users, and the
generality of reference domain among the specified users, are helpful in
ensuring the familiarity of interface metaphor.
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8:1.2,

Similarity

2. Similarity

Sub-criteria Es:fl:i:;rn Usability Indicators Rating
Dissection of 5. Is there natural similarity between the | 3
Interface Metaphor hierarchical order of concepts within the
(Refer Chapters 3 interfface  metaphor and  software
and 5.) requirement?

Structure 6. Are there sufficient similarities between the | 3
Quantitative clusters of software requirements and the
Evaluation (Refer conceptual clusters® in the interface
Chapter 6.) metaphor?

Refer Chapters 5 and 6 for examples.

7. How much is the similarity between the | 3
needs served by the interface metaphor and
the proposed software?

8. How much is the contribution of the |3

DisaactETioF affordanc_:gs of interface metaphor towards
Behavior Interface Metaphor the usability of software? :
(Refer Chapters 5.) 9. How is the coverage of the traits of animate | 3
metaphor?
‘ 10. What is the depth of the traits of animate | 3
metaphor?

Refer Appendix G2.2. for examples.

11. Is the spatial arrangement (layout) of |3
interface metaphor useful enough?

Spatial Multimedia 12. |s the spatial arrangement (order in time) of | 3
Rendering (Refer interface metaphor useful enough?
Layout Chapter 9.)

Refer the examples given in Chapter 6.

Refer Appendix G2.3 for examples.

Maximum Rating | 24

Identification of similarities between the conceptual structure, behavior and spatial layout of
interface metaphor; and the structure, functional behavior and arrangement of GU/ elements; helps

in defining the Cross-Domain Mappings (CDMs).

19 Abstract ideas held together as a group.
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8.1.3.

Extensibility

3. Extensibility

Basis for

Sub-criteria Evaluation Usability Indicators Rating
13. Are there adequate Unmapped Concepts | 3
Dissection of (UCs) available?
Unmapped Interface Metaphor | 14. Are there many Multitudinous Conceptual | 3
(Refer Chapter 5.) Structures as part of Unmapped Concepts
Concepts (UCs)?
(UCs) Quantitative 15. Are the Unmapped Concepts (UCs) in line | 3
Evaluation (Refer with the future scope of software?
Chapter 6.)
Refer Chapters 5 and 6 for examples.
User Participation 16. Is the interface metaphor relevant in the | 3
Relevance [Dix et al., 2004] social context?
& Longevity 17. Will it be relevant for adequate duration? 3
Context Study
[Beyer, 1996] Refer Appendix G3.1 for examples.
Maximum Rating | 15

Unmapped Concepts (UCs) emerged during the dissection of interface metaphor are helpful in
estimating the availability of surplus concepts. The social relevance of interface metaphor for
adequate duration helps us in ensuring its validity and longevity. Unmapped Concepts (UCs) and
social relevance of interface metaphor both together define the extensibility of interface metaphor.
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8.1.4. Compatibility

4. Compatibility

Basis for

Evaluation Usability Indicators Rating

Sub-criteria

Main functionalities 18. Does it focus on the main functionalities | 3

Focus agfi uts_abilityf 19. gfosegﬂi‘f?;izs on the usability objectives | 3
gof‘;;:s ° of software?
(Refer Chapter 4.) Refer Appendix C1.1. for examples.
Software Scope, . , . 3
Dissection 20. Is the field of view adequately matching

Field of View | Termination (DT) with software scope?

Point, Terminus )
(Refer Chapters 4. | Refer Appendix C1.2. for examples.

and 5.)

The structure of . . - . 3
interface metaphor 21. Can it be adjusted or modified to fit the

Customizability | and software requirements?

requirements

(Refer Chapter 5. Refer Appendix G4.1 for examples.

Maximum Rating | 12

Focus, field of view and customizability of interface metaphor ensure its compatibility for the
proposed software.

113




Chapter 8

SECTION 8.1 Usability Heuristics

8.1.5.

Co-operability

5. Co-operability (Applicable in case of diverse interface metaphors)

o Basis fo - . .
Sub-criteria Evall.l:atiorn Usability Indicators Rating
22. Are the core and supporting metaphors
conceptually closer to each other or do they | 3
Analysis of resonate with each other?
Conceptual | interface
Proximit metaphor There should be conceptual closeness between the
roximity (Refer Chapters | core and supporting metaphors. They should not be
3and5) completely disjointed or conveying contrary concepts.
Refer Chapter 5. for examples.
23. Are the affordances of supporting metaphors
Analysis of enriching the conce_eptual structure of the core | 3
P s metaphor and serving the purpose?
Conceptual
metaphor The supporting metaphors have to be converging in
Allgniment (Refer ‘Chapters line with the core metaphor without disturbing its
3and5.) focus.
Refer Chapter 5. for examples.
Maximum Rating | g

metaphors.

Conceptual proximity and conceptual alignment ensures the co-operability of diverse interface
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8.1.6.

Representability

6. Representability !

Sub-criteria

Basis for
Evaluation

Usability Indicators

Rating

Appearance

Observations of
Reference Domain /
Objects

24. Can the physical attributes be expressed
through multimedia?

The interface metaphor has multi-sensory
attributes like visual, auditory, tactile, olfactory?0
and gustatory?’. Among these, the visual
attributes are very important, as they are most
prominent in the perception of humans [Wade et
al., 1991]. Visual attributes should be identified
in terms of Form, Shape, Color, Texture,
Patterns, Size, Overall

Composition, etc.

Refer Appendix G5.1 for examples.

Depiction

Multimedia
Rendering (Refer
Chapter 9.)

25. Is the approach of portrayal suitable?
(Realistic or abstract)

26. Does it address the visual literacy?
[Katre, 2004c] of targeted users?

Depiction is about how the metaphoric
representations are to be portrayed in terms of
visual design, icons, animated clips, verbal
(text)) sounds and interactivity. Some
metaphoric concepts are interesting but they are
very difficult to portray. The approach of
portrayal can be realistic or abstract
depending on the targeted users.

Refer Appendix G5.2. for examples.

Maximum Rating

9

The attributes of appearance of the reference domain and the approach of depiction in terms of
realistic or abstract portrayal decide the representability of interface metaphor.

2 Of or pertaining to the sense of smell.

2! Of or pertaining to the sense of taste. N ‘
22 The ability to effectively analyze and critically evaluate messages within a visual format.
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8.1.7.

Cognitive Ergonomics

7. Cognitive Ergonomics

Basis for

Sub-criteria EXSS RS Usability Indicators Rating
27. Is the selected interface metaphor
Commentary of Task capable of invoking the appropriate | 3
Mental Model Performance (CTP) cognitive map of users?
(Refer Chapter 3.)
Refer Appendix G6.1 and | for examples.
Are the semantic properties of a
representation-
28. True? 3
29. Consistent (Unchangeable in the 3
Analysis of Interface 30 E’rﬁ:f]';:igg‘;te’“’?
yietepnar 31. Precise (Are there better g
(Refer Chapter 5.) alternatives)? 3
Semantic Multimedia Rendering 32. Does it convey the associated 3
(Refer Chapter 9.) ?;fc:;:i;t)?n effectively (the
Uggr Ptar}lcgg[t)lg; Semantics ensures the accuracy of
[Dix etal, representations [Marcus, 1993]. It is about
the properties of a representation ascribed
to the subject of communication.
Refer Appendix G6.2 for examples.
33. Are all Cross-Domain Mappings | 3
. meaningfully / logically arranged?
Ana[ys;]s of Interface | 34 poes the design evolve rules that | 3
Metaphor can be intuitively understood by the
(Refer Chapter 5.) -
Syntactic Mul;im%itia R;engenng Syntactic is about forming combinations of
(Refer Chapter 9.) visual attributes [Marcus, 1993] and a
ik language out of signs. If one concept in the
Uggr Ptarflumgggzn metaphor is understood by the users then
[Dix et al., 2004] the second and third can also follow.
—
-
23 pgsertion or emphasis of expression
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Refer Appendix G6.3 for examples.
35. Is the depiction of representation | 3
(the referred) recognizable to
users?
Comprehensibility | Multimedia Rendering | 36. Do they correctly interpret the | 3
(Refer Chapter 9.) associated proposition (the
referent)?
Refer Appendix G6.4 for examples.
37. Does the interface metaphor
_ . contribute towards the principle of
Simblicit Multimedia Rendering
implicity (Refer Chapter 9.) economy? 3
Refer Appendix | for examples.
38. Do the attributes of appearance and
Multimedia Renderi spatial layout have mnemonic?
Recall (Rl:afer%i:e;ptgpge)mg potential [Katre, 2004¢]? 3
Refer Appendix G2.3 for examples.
Maximum Rating | 36

Studying the mental model of users, ensures the validity of the cognitive map vis a vis the
interface metaphor. Semantic and syntactic conformance of design makes it comprehensible. The
cognitive load is checked by the sub-criteria like simplicity of design and memory recall by the
users. All these sub-criteria together ensure the cognitive ergonomics of the interface metaphor.

Cognitive ergonomics?> [Sumner, 1997] is the new and specialized branch of research under the
cognitive science domain [Barnard, 2000] [Boring, 2002).

Semiotics has already covered the evaluation of semantic and syntactic aspects in
the past [Chandler, 1994] with greater focus on linguistic applications. We have

retained these criteria as part of our heuristic evaluation method for completeness.

24 A memory aid, an expression designed to be easier to rememb.e.r. . .
e Cognitivreyergc;nomics focuses on the fit between human cognitive abilities and limitations and the

machine, task, environment, etc [Ergonomics Today, 2001].
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8.1.8.

Feasibility

8 Feasibility

Sub-criteria E?r:fl:z:;:)rn Usability Indicators Rating
39. Are the tradeoffs between the interface
metaphor and GUI constructive? 3
40. Are there adequate resources (time, finance,
creative & technical skills) for design and | 3
development of interface metaphor?
GUI The software developer can assess the feasibility of
: GUI implementation by observing the multimedia
Constraiis rendering. GUI wizard of a programming tool has its
Multimedia own rules and restrictions with regard to usage of
Rendering multimedia as part of the buttons, sliders, text boxes,
Feedback of tabs, picture boxes, etc. The size of application and
software memory constraints also need consideration.
designer
Quantitative Refer Appendix G7.1 for examples.
Evaluation
(Refer Chapters 41. Are the tradeoffs between the interface
6.and 9.) metaphor and software design constructive? | 3
Software design process follows its own rules and
. has certain constraints that can hamper the overall
Design development of interface metaphor. The design of
Constraints software and the conceptual structure of interface
metaphor can conflict with each other. The software
and user interface designers should find such
contradictions and work towards resolving them.
Refer Chapter 6. for examples.
Maximum Rating | 9
Study of GUI constraints and design constraints is !?elpful in ensuring the feasibility of the
implementation of proposed interface metaphor. This has to be done in the light of the
visualization of interface metaphor.

Feasibility criterion should not be mixed with other criteria while
quantifying the total results as it mainly depends on resource availability. It

does not evaluate any attributes of the interface metaphor.
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Table 8.1 presents the criterion wise maximum ratings (Number of Usability

Indicators x 3).

Table 8.1 Aggregate Score of Heuristic Evaluation

Heuristic Criteria

Criteria wise
Maximum Ratings

Familiarity 12
Similarity 24
Extensibility 15
Compatibility 12
Co-operability {6 -
Representability 9
Cognitive Ergonomics 36
Feasibility 9

The co-operability criterion is applicable only in case of diverse interface metaphors.
Next section provides the guidelines for the application of quantitative metrics.
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8.2 Quantifying the Heuristic Evaluation
8.2.1. Converting the Grades into Points
It is possible to apply the quantification metrics presented in Table 8.2 for
quantifying the results of the heuristic evaluation. Appropriate grades should be
assigned by evaluating every Usability Indicator. The grades can be assigned in
terms of High, Medium, Average, Low, Bad and Worst. Positive points are
assigned to High, Medium and Average grades. Negative points are assigned to
Low, Bad and Worst grades. The negative grades can be applied if the interface
metaphor is complicating the software further and making it non-usable. Some
criteria could be omitted from the evaluation if they are not applicable in certain
application software projects. The grades can be converted into points for quantifying
the merit of the interface metaphor. In the pre-rendering stage, one has to grade
every Usability Indicator based on his/her best judgment. But the multimedia
rendering of interface metaphor provides objective basis for grading.

Table 8.2 Quantification Metrics for Heuristic Evaluation
Grade Points

High +3

Medium +2

Average +1

Low -1

Bad -2

Worst -3

Not Applicable NA

Tables 8.2 can be referred while quantifying the qualitative merit of the interface
metaphor, e.g., if the reference domain is already part of the existing knowledge of
specified users then it would be graded as High which translates into maximum

rating of 3 points.
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Table 8.3 Quantified results of ‘classroom’
metaphor (pre-rendering)
Criteria Max. Points Approximate
Points | Earned Percentages
Familiarity 12 12 100%
Similarity 24 16 66%
Extensibility 15 12 80%
Compatibility 12 10 83%
Representability | 9 6 66%
Cognitive 36 32 89%
Ergonomics
Percentage of Usability 81%
Feasibility 9 6 66%
# Co-operability criterion is not applicable as the ‘classroom’ is a
coherent metaphor.

The percentage of feasibility is shown separately as it depends on the availability
resources and technical skills. These factors vary depending on the project and the
technical team. Feasibility criterion is very critical as even though the potential
usability of interface metaphor is 80% as per the visualization, only 66% of it can be
actually implemented due to feasibility constraints. Therefore the feasibility barriers
must be overcome to exploit the full potential of interface metaphor.

Diverse Interface Metaphors Familiarity ?Coherent Interface Metaphors
Similarity
( Extensibility 7
( Compatibility

* Co-operability criteria is q- — % Coroperability
applicable only in case of VT TR R
diverse interface metaphors (

Representability

( Cognitive Ergonomics %
& Feasibility
v v

I Usability of Interface Metaphor

Figure 8.1 Interdependence of heuristics of interface metaphor
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8.2.2. Assigning Different Weightages to Heuristic Criteria
Quantification of heuristic evaluation presented in Table 8.3 gives equal weightage to

all the criteria. It is possible that some software projects may not require to give
same importance to all the criteria, e.g., the extensibility criterion may not be very
important in all the software projects. In such case, the interface designer may like
to give less weightage to extensibility criterion. In some projects, the representability
criterion may require extra weightage compared to other criteria. The interface
designer can assign additional value of weightage to each criterion while quantifying
the final result of heuristic evaluation.

8.2.3. Pre and Post Rendering Heuristic Evaluation
It is proposed to explore the design possibilities of interface metaphor by rendering it

using interactive multimedia. The criteria of heuristic evaluation cannot be applied
and tested unless the interface metaphor is rendered and given a tangible form. It is
a significant effort. Therefore, the user interface designer is advised to carry out pre-
rendering evaluation as shown in Table 8.3 before deciding to go for rendering.
Heuristic evaluation in the pre-rendering stage is based on the visualization,
experience and judgment of user interface designer. The interface metaphor is not
taken up for multimedia rendering if not found satisfactory enough during the pre-
rendering heuristic evaluation. Post-rendering heuristic evaluation of interface
metaphor produces empirical results, as the fidelity of the multimedia rendering
being much higher. This is a formative evaluation method as it generates feedback
for further enhancement and allows the interface designer modify the design until

the best results are achieved.

8.2.4. Post Development Heuristic Evaluation

In the post-rendering and post-development stage the quality percentage of
interface metaphor marginally drops if compared with the results of pre-rendering
heuristic evaluation. It is because the sensory design of interface metaphor depends
on various aspects, which are out of the scope of this dissertation namely the design

skills of interface designer, the technical skills of software developer, team effort and
adequacy of resources.

8.2.5. Comparison of Usability Evaluation Methods (UEMs)

Researchers have not been able to provide direct and reliable comparisons between
the Usability Evaluation Methods (UEMs), as there are no standard processes,
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definitions, criteria and metrics [Lund, 1998]. Some of the more popular expert-
based UEMs include: Guideline Reviews based on interaction design guidelines such
as those by Smith et al., [1986], Heuristic Evaluation [Nielsen et al., 1990],
Cognitive Walkthroughs [Polson et al., 1990], Wharton et al., [1992] Usability
Walkthroughs [Bias, 1991], Formal Usability Inspections [Kahn et al., 1994], and
Heuristic Walkthroughs [Sears, 1997]. Most of these are general purpose UEMs, as
most of them do not clearly specify the type of usability problems that they can
definitely reveal. These UEMs are also not backed by well-defined processes for
minimizing the occurrence of certain type of usability problems.

The visualization process of interface metaphor, proposed in this dissertation
minimizes the risks and chances of making mistakes with interface metaphor. It is
supported by a formative and analytical usability evaluation method. In fact, the
application of the 8 broad criteria, 23 sub-criteria and 41 Usability Indicators
provided by us is possible only if the visualization process is followed. The
visualization process itself takes care of several usability aspects. The 41 usability
indicators are only for the purpose of verification and validation of interface
metaphor. It also ensures the evaluation of minimum 41 unique usability

aspects of interface metaphor unlike the other UEMs.
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Chapter 9. Multimedia Rendering and Usability Testing

9.1 Application of Interactive Multimedia
Hedberg [1992] emphasizes the need of prototyping and evaluating the interface
metaphors but he does not mention about how to design the prototypes and carry
out the evaluation. The multimedia rendering of interface metaphor proposed
in this chapter bridges this gap. This is likely to be mistaken as a new alternative
of software prototyping. But it is not so. It is the culmination of the visualization of
interface metaphor. Unlike the low fidelity [Landy, 1995], medium fidelity [Rudd,
1996] and high fidelity prototyping methods [Cooper, 1994]; the approach of
multimedia rendering completely focuses on the design of interface metaphor. Most
software prototyping methods concentrate on simulating some part of
functionality and rough outlining of user interface. These prototyping
methods neither focus on functionality nor on user interface properly.
Furthermore, most of these are throwaway prototypes. Whereas, the multimedia
rendering proposed in this chapter, completely focuses on the design of
interface metaphor. It produces several interface components in terms of

graphics, layouts, animations and the scheme of interaction design that can

be directly incorporated in the final software.

Scope of
correction

 Multimedia
: Renderin

Clarity of

Ambiguity of t
requirements

requirements

Requirements @ @® Finished
elicitation SDLC Product

Figure 9.1 Scope of correction in SDLC
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9.1.1. Giving Tangible Form to Visualization
Interface metaphor design activity is interlinked with the software engineering

process. It is a very demanding activity in terms of achieving certain quality of effect
through the rendering, as visualized by the interface designer. Not visualizing and
planning it in advance can result in endless loop of refinement in software [Wilson,
1992]. Also modifying the software after it has been developed can be extremely
costly and ineffective. As shown in Figure 9.1, the scope of correction is higher in the
beginning of a project and it reduces towards the end. Therefore it is proposed to
render the interface metaphor using multimedia in the formative stages of
software design. It consolidates the outcome of visualization process. This
process can be elusive unless it is not given a tangible and testable form. It
permits the interface designer to explore several design possibilities and

test their usability.

9.1.2. WhatImpedes User Interface Designers
High fidelity prototyping does fair justice to the functionality of software. Interface

designers cannot contribute to the development of such functional prototypes as
programmers dominate this activity. They are not expected to visualize the interface
metaphor [Mclnerney, 2000]. Their prime focus is on achieving the desired

functionality.

Another impeding factor is the handcuffed approach of software development. The
programming environments like Visual Basic, JAVA, Visual C, C++, etc. have tied the
GUI and programming together. The programmer has to invariably depend a lot on
the standard GUI wizards at the time of coding. Due to this handcuffed approach, the
user interface designers have to depend on programmers while implementing the
design of interface metaphor [Katre, 2003]. Therefore, user interface designers
need a flexible medium for unleashing their creativity. They need to
visualize and express the interface metaphor in their full capacity.

9.1.3. Auvailability of Technology and Technical Skills
Explorations of software prototyping so far are based on the constraints of 32-Bit

operating systems such as Windows 95/ 98/ NT/ 2000 for the PC based users. With
the advent of Windows XP 64-Bit Edition, the applications are becoming

richer in terms of innovative user interfaces and use of multimedia.
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Most user interface designers come from fine arts, visual communication, and
multimedia backgrounds. They are generally conversant with multimedia tools and
technologies like Adobe Photoshop, Macromedia Director, Macromedia Flash,
Microsoft Power Point, HTML, Audio / Video Capturing and Editing. It is most
appropriate to exploit these skills for rendering the interface metaphor.

Most interface designers already use multimedia for user interface prototyping. But
they try to mimic the GUI components of the selected programming environment.
This is unnecessary as the specialized UI prototyping tools [Landy, 1995] do the
same. The UI prototyping tools help in prototyping the user interface layout and
anticipating the functionality. They cannot help in design, rendering and testing of
the interface metaphor. Therefore, the capabilities of multimedia can serve a
unique purpose if they are utilized for rendering the interface metaphor.

The discussion so far has presented the arguments of why the interface metaphor
needs to be rendered using multimedia.

9.1.4. Objectives of Multimedia Rendering
Following are the objectives-

» Design and render the interface metaphor for the given software product.

« Ensure that all the heuristics of interface metaphor explained in chapter 8. are
applied positively.

= Reveal the implementation issues related with interface design, interface
programming, software design and technical feasibility.

= Uncover missed out and hidden software requirements.

« Test the usability of interface metaphor.

. Generate and incorporate user feedback on the design of interface metaphor.

« Share common understanding of proposed interface metaphor with the entire

project team.
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9.2

Multimedia Rendering

The candidate interface metaphor can be rendered using any type of multimedia

authoring tools. The uniqueness of this activity lies in the integration of following

artifacts / documents emerged out of the visualization process of interface metaphor

presented in this dissertation.

Table 9.1 Linking the Documents and Artifacts of Visualization
Process with Multimedia Rendering
Sr. No. Steps of Interface Metaphor Visualization Artifacts /
Documents
1, Selection of Interface Metaphor-
a. Common Knowledge Dimensions of Users
b. List of candidate interface metaphors
¢. Juxtaposing of CTP and IPS
d. Classification based on interrelationships
e. Categorization based on levels of Conceptual
Structure (CS)
2. Tuning of Interface Metaphor
3. Dissection of Interface Metaphor
4, Quantitative Evaluation of Interface Metaphor
5. UDL & ADL
6. Pre-rendering Heuristic Evaluation of Interface Metaphor
7. Quantified results of qualitative evaluation

Following information may also be integrated as part of multimedia rendering for

reference.
Table 9.2 Standard UCD Documents and Artifacts
Sr. Titles Artifacts /
No. Documents
7. | Context Study )
8. | User Profile
9. | Usability Objectives
10. | Usability Requirements
11, [ Scanned Images of Paper Mockups (Low fidelity prototype)
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Under the link of context study, user interface designer can link important video
clips, photographs anﬂ)bservations (indicated as & ). Linking of specified documents
and artifacts ( & respectively) helps in anchoring the design decisions to the
steps of visualization process. The design alternatives and evolutionary stages of
interface rendering can be preserved (Refer Figures 9.3 to 9.8).

9.2.1. Delineation of User Interface
User interface designer has to delineate the screen layouts in consultation with the

team and the user. The delineated screens are then converted into measured
layouts. Only after this stage the user interface designer can initiate the design and
rendering of interface metaphor. It helps in separating both the schemes of user
interface namely ‘with’ and ‘without the metaphor’. An example is provided in

Appendix H.

9.2.2. Diffusion of Interface Metaphor
The diffusion of interface metaphor describes the act of spreading the concepts

within the interface metaphor over the software. This has to be done cautiously and
gradually. As shown in Figure 9.2, user interface designer has to diffuse the
rendering of interface metaphor gradually through minimum four levels as one

interacts with the deeper levels of user interface.

f Optfmized \4— Leue] 2

/ Conceptual \4— Level 3

/ Functional \4— Level 4

Figure 9.2 Gradual diffusion of interface metaphor

The outermost layer of user interface can have strong and obvious presence of
interface metaphor. This is achieved through moderate rendering (refer Appendix J.)
[Katre, 2002] of interface metaphor. The next level of interaction with software can
have optimally rendered metaphors (refer Appendix J.) [Katre, 2002]. The third level
can be purely conceptual and the fourth level is of purely functional user interface.
The levels of multimedia rendering mentioned here are very approximately defined
and can be adapted based on the specific requirements of the product.
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Figure 9.8 Final multimedia rendering of interface metaphor
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9.2.2.1. Functional User Interface Level

In this level, the functionality of software continues beyond the terminus of a branch
of the conceptual structure. The metaphoric concepts are exhausted at this level.
Only the functional user interface is provided.

The outer levels like moderate and optimized rendering of interface metaphor
mobilize the intuitive faculty of users. By the time the user has reached the
functional user interface level, (s)he is ready to grasp the new functionalities of

software.

9.2.3. Interaction Design
So far we have seen how the interface metaphor can be interwoven with the

structure, functionality, behavior and the user interface of software. It is possible to
link the various interface components rendered using multimedia for visualizing the
interaction scenarios. The scheme of interaction is already part of the conceptual
structure of interface metaphor, spatial layout and multimedia representations as
shown in Chapters 5 and 6. Dialogs between the software and user can also be
designed with the help of User Domain Lexicon (UDL) to enhance quality of
interactivity.

9.2.4. Usability Testing in Lab

The Usability Indicators of heuristic evaluation provided in Chapter 8. can be
considered while rendering interface metaphor for achieving the desired qualities.
Some of the criteria such as semantics, syntactic, comprehensibility, cognitive
simplicity can be actually tested through user participation [Dix et Al., 2004]. Some
examples of such usability tests are provided in Appendix I. The design of interface
metaphor can be improvised based on the results of usability tests.

9.2.5. Remote Usability Testing
We have designed a remote usability testing method for conducting the usability

tests over a large sample of users from geographically distributed locations. This
method helps us in testing the comprehensibility and cross-cultural
suitability of iconic representations. Refer Appendix J. for the details of this

method.
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Thus the multimedia rendering of interface metaphor-

Integrates all the steps of visualization process proposed in this
dissertation for quick reference. It allows the interface designer, software
developers and users to refer, compare, cross check and corroborate the linked
information with the final rendered output. It provides basic interactivity and
animation for sequencing the dialog boxes and illustrating different navigation
scenarios.

Reveals hidden and missed out software requirements and usability
problems. Software designer is able to foresee the implementation issues and
plan for them. It maintains a record of all evolutionary stages of
visualization along with the reasons of modifications. User interface
designer is able to fix several interface usability problems.

Develops common ground of understanding between the interface
designer, software developers and the users. It can be easily packaged and
distributed through CDs and network for the teams operating from different
locations. It encourages the participation of users in the process of interface
metaphor design.

Produces certain interface components in terms of graphics, animations,
layouts, structure, terminology and instructions that can be readily
incorporated in the final software. It helps in proper braiding of user’s model,
design model and software requirement.

Reduces the iterative changes in the software after it has been

developed.
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Chapter 10. Integration with SDLC

10.1 Integration of Visualization Process with SDLC

As computers are moving from professional tools to consumer products, defining a
process for design and integration of interface metaphors becomes most essential
[Marcus, 1993]. Poovaiah [1994] has also highlighted the need of conceiving the
design process of interface as a temporal process in terms of an interaction across
time; as an organization of its various elements. The waterfall [Pressman, 2001] or
spiral model [Boehm, 1988] of SDLC also do not present any defined steps for
interface metaphor design. This has motivated us to integrate the visualization
process of interface metaphor with the Waterfall Model of Software Development Life
Cycle (SDLC) [Pressman, 2001]. We have provided separate figures for the selection
process, the tuning process, and the entire process of visualization of interface
metaphor.

The visualization process of interface metaphor is to be completed during
the Requirements Engineering (RE) phase of SDLC. It has to be linked with
the key activities of RE namely Requirements Elicitation and Requirements
Analysis. The visualization process has to be finished just before Requirements
Specification. It allows the software designer in incorporating the user interface
specifications based on the multimedia rendering of interface metaphor. This
becomes a very valuable input for evolving the design of software with full
anticipation and plan for the proposed interface metaphor.

The SDLC begins with Requirements Elicitation activity [Pressman, 2001]. Several
UCD activities such as Contextual Inquiry, Field Study, Structured Interviewing [Dix,
et al., 2004], etc. also begin around same time. Unlike these general-purpose UCD
methods, we have design the entire process with well-defined objectives.

10.1.1. Selection Process
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Figure 10.1 Selection of candidate interface metaphors
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10.1.2. Tuning Process
The user interface designer has to refer the planning documents of a software
project for tuning the interface metaphor. Figure 10.2 shows the aspects of interface

metaphor, which need to be tuned as per the respective determinants. The tuning of

process of interface metaphor is explained in Chapter 4.

Feasibility

Requirements

Context Study
User Profiles

Usability Objectives <4
Usability Requirements ¢ —

Software Visualization of
Development Interface Metaphor
Lifecvcle
Software Scope

% Elicitation <« P>

Field of View
Affordances
Flavor & Tone
Fusion
¢ Analysis
@ Specification @ - - - - -------------f-------- oo ®
Design
Development
Testing

Step 1.Selection of Interface Mmi

Identification

Classification
Categorization
Assessment

: Step 2. Tuning
Perspective & Focus

Figure 10.2 Tuning the interface metaphor
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10.1.3. Entire Visualization Process
Figure 10.3 shows the entire visualization process of interface metaphor as part of

the requirements engineering phase of SDLC. Analysis of interface metaphor is
synchronized with the analysis of software requirements. Entire visualization process

has to be completed before the requirements specification activity.

Software Development Lifecycle Visualization of
Interface Metanhor
®Software Scope
@ Feasibility

® Requirements Engineering (RE)
9 Elicitation < P | Step 1. Selection of Interface Metaphor

Context Study Identification
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Categorization

Usability Objectives Assessment

Usability Requirements Step 2. Tuning

Perspective & Focus
Field of View
Affordances

Flavor & Tone

Fusion

& Analysis <k —{3> Step 3. Analysis of Interface Metaphor
Step 4. Quantitative Evaluation

Step 5. Creation of UDL & ADL

Step 6. Pre-rendering Heuristic Evaluation
Step 7. Multimedia Rendering

Step 8. Post-rendering Usability Testing

Step 9. Remote Usability Testing
& Specification @=csrrosorwresrEas f S-S T Ses e S sr s mmmemen s ©

Design
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Figure 10.3 Visualization of interface metaphor as part of SDLC

137




Y

Chapter 10
SECTION 10.1 Integration of Visualization Process with SDLC

The implementation of visualization process of interface metaphor is very viable, as
it does not demand special resource allocation. It is easily manageable within the
general estimate of resources i.e. approx. 10% to 15% of the total resource
requirements of the project [Dix et al., 2004] for user interface design and usability
testing activities. The resource requirements during the implementation of this
process as part of two live projects are documented in Appendix K.

10.1.4. Applications

The process of visualization of interface metaphor proposed in this
dissertation is useful for software applications that demand special
attention to user interface design. These include Websites, Personal
Computer Software; Multimedia Software dealing with application areas like
Education and Entertainment; application software dealing with Business,
Digital Library, e-Governance; and Productivity Software Tools. The execution
of interface metaphor can be more expressive or subtle depending on the need of

specified users.
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Conclusion
The selection process of candidate interface metaphors involving following major

steps is defined.
= Exploration of candidate interface metaphors based on common knowledge
dimensions of users.
» Identification of candidate interface metaphors by juxtaposing the
Commentary of Task Performance (CTP) and Interface Play Script (IPS).
« Classification of candidate interface metaphors based on their
interrelationship.
» Categorization of candidate interface metaphors based on whether they are
animate or inanimate entities
» Assessment of the potential of candidate interface metaphors based on
different levels of conceptual structure
The comparative study of ‘book’ metaphor for identifying the variant aspects of
interface metaphor given in Appendix C. and the respective determinants together
provide objective basis for tuning the interface metaphor. Such tuning is essential for
satisfying the usability objectives and usability requirements of the software. The
perspective, focus, field of view, flavor and tone of interface metaphor help in deeper
understanding of the cognitive model of user. The aspects of interface metaphor and
the respective determinants are helpful deciding the multimedia representations. The
technical feasibility and usability requirements provide strong basis for selecting the
affordances of interface metaphor. The affordances from real life and the advanced
features of software can be fused effectively to produce magical effects. Thus the
approach for visualization of interface metaphor gets anchored to the user needs and

usability objectives.

Dissections of Coherent, Diverse and Animate interface metaphors prove the
possibility of concept-by-concept analysis of the underlying conceptual structure. Itis
possible to visualize the Cross-Domain Mappings (CDMs) and multimedia
representation possibilities in advance. The dissection of interface metaphors is
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extremely helpful in identifying the gaps and missed out software requirements. It
can compliment the requirements elaboration activity. The dissection of interface
metaphor provides an objective basis for estimating its coverage vis a vis to the

software requirements.

The quantitative evaluation of dissected metaphor provides objective basis for
estimating its coverage and extensibility. The shortage of metaphoric concepts can
be estimated for identifying the suitable alternatives. In case of diverse interface
metaphors, quantitative evaluation can help in maintaining the prominence of the
core interface metaphor and thus maintain the orientation of software. The
quantitative evaluation of animate metaphor is helpful in identifying the weaker traits
of the software. Adding appropriate features and functionalities can strengthen them.
It can also help in conceptualizing the behavior of software. The dissection of
interface metaphor followed by the quantitative evaluation is helpful in anticipating
the trade-offs between the software and interface metaphor. As a result, the user
interface designer, software designer and the user together can regulate the trade-
offs. Various parameters of quantitative evaluation help in the comparative analysis
of candidate interface metaphors.

Creation of User Domain Lexicon (UDL) and Application Domain Lexicon (ADL) make
the linguistic trade-offs traceable. The fusion of these lexicons is useful in designing
the linguistic metaphors and capturing the vocabulary of users as part of interface

metaphor design activity.

The usability heuristics involving 8 major criteria such as Familiarity,
Representability, Similarity, Extensibility, Compatibility, Co-operability, Cognitive
Ergonomics and Feasibility; fragmented into 23 sub-criteria; and 41 Usability
Indicators are very comprehensive and extremely helpful in evaluating the
qualitative aspects of the interface metaphor. The heuristic criteria are very
interdisciplinary in nature. The usability heuristics of interface metaphor are
grounded in the steps of visualization process presented in this dissertation. For
example, quantitative evaluation provides inputs for measuring the extensibility of
interface metaphor. For every criterion, the basis for evaluation is specified. The
quantitative metrics has been provided for quantifying the results of heuristic
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evaluation. Unlike the other Usability Evaluation Methods (UEMs), this one assures
the evaluation of minimum 41 unique usability aspects of interface metaphor.

The multimedia rendering of interface metaphor consolidates all the documents,
artifacts and steps of visualization process. It helps in preserving the evoiutionary
stages of multimedia rendering, the decisions and the reasons of modifications. It
helps in identification of missed out and hidden software requirements. It gives
tangible and testable form to the visualization of interface metaphor.

The data produced through this process can be objectively defined and modeled to a
large extent. The process of visualization is integrated with SDLC. The activities of
requirements elicitation, analysis and specification can be synchronized with the
identification, analysis and evaluation of interface metaphor. The user interface
components and specifications are evolved through the multimedia rendering of
interface metaphor. This helps in specifying the user interface requirements more
accurately. This dissertation not only shows how the user’s model, user
requirements, and design model can be braided seamlessly; but also the synthesis of
visualization and software engineering processes.

Diverse criteria from different disciplines such as software engineering, cognitive
science, semiotics, linguistics, visual and multimedia communication are integrated
in the evaluation process. These in togetherness form the usability heuristics of
interface metaphor. The heuristics are very exhaustive, comprehensive, and
practicable. However, the acceptance of interface metaphor design is largely
experiential and dependent on the prominent trends in the feedback of specified
users. The dissertation also provides a remote usability testing method for collection
of feedback from users spread across diverse geographic regions.

Though it is not within the defined scope of this research, this work shows a path for
design of HCI curriculum, specifically for interface metaphor design area. It also
provides a new terminology that can be used only in the context of interface
metaphor design, unlike the linguistic terminology being used so far. The new
terminology defines and communicates the information that is useful in interface
metaphor design activity. It also shows how the contributions from art and design

professionals can be integrated in the engineering process.
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Major Contributions

A structured process for visualization of interface metaphor is defined. It

involves following important steps -

-
1.
-
2-
3.
4.
5.
6.
~
7.
8'
-~

Selection process of interface metaphor comprising of following
activities-
a. Identification of candidate metaphors based on common
knowledge dimensions and by juxtaposing the Commentary of
Task Performance (CTP) and Interface Play Script (IPS)
b. Classification based on interrelationships
¢c. Categorization in terms of animate and inanimate metaphors
d. Assessment of potential based various levels of conceptual
structure
Tuning the aspects of interface metaphor as per the determining
factors
Concept-by-concept dissection of the interface metaphor for
analyzing its conceptual structure and representation possibilities
Quantitative evaluation of interface metaphor
Creation and fusion of User Domain Lexicon (UDL) and Application
Domain Lexicon (ADL) for formation of linguistic metaphors to be
used in the user interface
Usability heuristics for the qualitative evaluation of interface
metaphor and the remote usability testing method
Multimedia rendering on the basis of inputs generated through the
visualization process
Integration of the entire visualization process with the Waterfall
Model of Software Development Lifecycle (SDLC)
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Future Scope
During the experiments and study of the problems presented in this dissertation,

several new challenges for further research have surfaced. These have to be

attempted separately, as the scope is very vast.

The conceptual structures and representations of well-known or popular interface
metaphors can be standardized. Templates of these interface metaphors could be
designed.

Requirements management tools can be extended further for documentation of
interface metaphors and for the formation of Cross-Domain Mappings (CDMs).

A software tool needs to be developed for mapping the User Domain Lexicon
(UDL) and Application Domain Lexicon (ADL). User Domain Lexicon (UDL) can be
made available over Internet or on CD at cost, for the software teams working in
a similar market segment. User Domain Lexicon (UDL) can also be collectively
enriched through a collaborative framework, which needs to be developed.

It is necessary to study the gradual transformations in the mental models. A
method needs to be evolved for capturing the stages of this transformation, and
adjusting the interface metaphors to make up with the change.

It is necessary design effective and flexible tools for interface metaphor design.
Options for decentralizing the interface design activity need to be explored so
that it will be possible to design variety of user interfaces for the same product to
address culture specific needs. It will no more be necessary to thrust the same
user interface on all users. A library of culture specific rules for metaphoric
representation can be identified. Feminine, masculine, ego states, religious,
cultural and geographical; and a variety of other human dimensions need to be

defined.

[ suppose, 'Desktop’ is
fine with you all !

How can l use [t ?

What do you
mean by that? That's not
understandable!
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APPENDIX A. Study of Knowledge Dimensions

A. Study of Knowledge Dimensions

A1. Stratification of Users

Table Al. Stratification of subjects for 3D Watershed Game Project
Nos. Name of Subject Age | Education | Profession Place Lifestyle

1. | Chimaji Kodoji Avhad | 65 years | 2ndstandard | /Adriculture . {| Darewadi LRuraL.Manajashtnan ;':
2. | Baapu Gahinath | 28 years | 7% standard Ganagewadi

Ganage
3 Mahadev Sudam 30years | 12%standard Bid/Sangvi
4, | Dilip Shivaji Gange 35years | llliterate Ganagewadi ERuralEMaharashtn‘ E
5. | Ujwala Tanaji Lagad 34 years | 9% standard i [LRunahMaharashtrﬁnﬂ
6. | Ramdas Shivaji Gange | 35 Years [ 4t standard
7. | Gorakh Shankar Gange | 35 Years | llliterate
8 Gite Devidas Navnath 21years | 12t standard
9. [ Raghunath  Tukaram | 50years | liliterate

Wandekar
10. | Padam Sawaleram | 35years | lliterate

Wandekar
11. | Adinath Avhad 21 years | 10" standard
12. | Bhagavan Sanap 38 years | 5% standard
13. | Ambubai Wandekar 60 years | llliterate
14. | Sambhaiji Gite 36 years | lliterate 1
15. | Anjali Vaaghe 28 Years | M.S.S. LzTeac ing:

Abovementioned subjects are briefly profiled to confirm the most common
knowledge dimensions among the villagers from rural parts of Maharashtra state in
India. It includes subjects from varied age groups, genders, and literacy levels. The
professional and day-to-day knowledge dimensions are evidently most common to
all. Cultural knowledge linked with religion is ruled out as every village in
Maharashtra state has some percentage of different religions. Right from the
beginning, interface metaphors with only professional and day-to-day

knowledge dimensions are explored for this project.

A2. Professional / Educational Dimensions
C-DAC’s National Multimedia Resource Centre has been conducting PG Diploma in

Advanced Computer Arts program for the past 10 years. Students and professionals
have to qualify the Common Entrance Test (CET) for seeking admission to this
course. In order to test the cognitive ability of students, the candidates are asked to
elicit hierarchical structures of any given domains like university, film production,
advertising agency, bank, etc. Every year, hundreds of students appear from various

144



APPENDIX A. Study of Knowledge Dimensions

parts of India for the CET. The author of this dissertation himself has designed the
CET papers and assessed hundreds of hierarchical structures for understanding the
patterns of existing knowledge in the students. Some results of this assessment are
presented here for substantiating the definition of knowledge dimensions and

domains.

An architect who appeared for the CET conceived the hierarchical structure of the
architecture department in a university, as shown in Figure Al. In this example, the
candidate preferred to elicit the structure of architecture department only, as it is
most familiar to him. He did not prefer to elaborate the activities of other
departments that are less familiar to him. We have seen many students giving
the departmental breakup of a university and then elaborating the specific
department where they studied. This is obviously a result of the

professional/educational knowledge available with them.
T
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Figure Al. Hierarchical structure of a university defined by an architect

A3. Day-to-day Dimension

Figure A2. shows the hierarchical structure of a bank conceived by a fine artist who
appeared for the CET. It is evident from the level of detailing that the candidate has
very preliminary knowledge of banking. It is obvious that the person has used day-
to-day Knowledge. A banker would have come up with a very detailed cognitive
structure of banking operations; as for him it is part of his professional knowledge.
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Figure A2. Hierarchical structure of a bank prepared by a fine artist

Ad4. Cultural Dimension

Figure A3. Ganesha metaphor used in Dnyaneshwari CD ROM

The spiritual metaphors rendered in Dnyaneshwari CD Title are understandable to

Hindu devotees or people who are exposed to Hindu culture [Katre, 1999]. Ganesha

metaphor, as the God of intellect and wisdom, is presented as shown in Figure A3.

variety of ancient philosophical scriptures is mapped with his body parts. The

demonstrations of this CD Title in USA and UK by the author of this thesis invoked a
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lot of curiosity among the westerners. But they could not follow the Ganesha
metaphor as it being a culture specific representation.

The metaphors used in Dnyaneshwari CD ROMs are based on two knowledge
dimensions simultaneously. The ‘Book’ metaphor was used for interface design and
the spiritual metaphors are part of the main content of CD. They both belong to day-
to-day and cultural knowledge dimensions respectively.

147




APPENDIX B. Example of CTP and IPS

B. Example of CTP and IPS

B1. Visualizing the Traversal of Record
Figure B1 shows how the traversal of a record through In and Out Trays was

visualized based on Commentary Task Performance (CTP) [Katre et al., 2004b]. To

understand this figure one must know the underlying rules in the context of this

application. They are as under.

= An unfinished record remains in the In Tray of Data Entry Operator (DEO).

= Only a finished or revised record goes to Curator.
= A finished record goes to Director after the Curator has checked it. The

Curator can comment and return it to DEO for corrections.

» DEO resends it in a revised form.

= Director approves a record checked by Curator.
= An approved record becomes part of Main Accession Register.

DEO’s In Tray

DEO’s Qut Tray

Unfinished records _~1 Finished Records

Records commented by Curator P

Finalized Record

Records commented by Director.~”_

Curator’'s Out Tray

Curator’'s In Tra
g >

Finished records

Checked Records,.

Revised records

Records Coparfiented by Curator

Records commented by Director

Finalized Records

/

Director’s In Tray

/

Director’s Out Tray

Records commented by Director

Checked Records M me
—

Finalized Records

Approved Recg

Main Accession Register

Approved Records

Figure B1. Traversal of a record through In and Out Trays
At this stage In and Out Trays metaphor was confirmed. This metaphor is integrated

at conceptual level in the design of software.
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C. Variant Aspects and Determinants of Variance

It is observed that the same interface metaphor is applied differently in different
software products. Although it is the same metaphor, it highlights different
similarities with the software; it also produces different images and quality of
experience [Madsen, 2000]. We have realized that it is a result of the way the
interface metaphor is tuned. What are the aspects of this tuning? And how to
determine whether an interface metaphor is properly tuned for the given software
application? In order to find answers to these questions, a common interface
metaphor and its applications in different software products are examined. This
study is documented here.

The popular ‘book’ metaphor, which has been widely exploited by user interface
designers, is selected for this purpose. The software manifestation of ‘book’
metaphor has been in terms of E-books [Nielsen, 1998] [Shiratuddin, 2003], Virtual
Books [Chu, 2004] [Card, 2004], interactive multimedia CD Titles (referred as
Multimedia Books) and interfaces of variety of other software applications. The book
metaphor has also shaped hardware gadgets like PDAs, Notebooks and other
portable devices [Press,  2000] [Wilson, 2001]. There have been extensive
deliberations on the issues of look & feel aspects and usability of ‘book’ metaphor
[Russell, 2001] [Wilson, 2002]. During this study the intention is not to evaluate the
applications of ‘book’ metaphor but to find the aspects of this metaphor that have

varied and the reasons behind it.

Several research publications presenting detailed case studies of ‘book’ metaphor are
studied for this purpose. The hardware devices for book reading are not included in
this study. Wherever possible, the actual software products were used for

experiencing the user interface.

The ‘book’ is referred as the central point of discussion. Element level of metaphors
starting from something as basic as ‘paper’ up to the collection of books in the form

of ‘library’ are also considered. Different genres of books are also considered for

identifying their impact on interface design.
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C1. Comparison of Variance in Interface Metaphor
The applications of ‘book’ metaphor are presented in the order of progression such

as a page, a physical book, e-book publishing and distribution, a multimedia book, a

book as part of the classroom, a pile of books/documents/files, a library, a spiritual

book and an e-book for legal research. Appropriate examples are cited under each

category and the metaphorical features of the products are enlisted. Features of

multiple products are combined together in some categories for avoiding the

duplication of similar features.

Table C1. Applications of ‘Book’ Metaphor

Zinio Book Reader

Metaphor Products Metaphorical Features
Page Magic Pages » Filters for extracting the contents based
[Gotze, 2003] on their attributes
s Showing annotations based on the type
of pen, color of ink
= Transparent layers of a page
Physical 3Book [Card, = A virtual 3D book with realistic physical
Book 2004 a. and b.] appearance
= Binding axis
British National = Changing thickness of the book on both
Library’s ‘*Turning sides of the binding axis as one turns
the pages’ project the pages
[Chu, 2004] = Page turning effect
= Zoom In and Out
= Bookmarks
e-Book Acrobat Reader More or less common features of most
Publishing (Henke, 1998) e-book publishing tools
and Index
Distribution | Dynamic WAIS Next, Previous Page
Book [Bizzozero, Bookmark
1994] Annotation
Notes

Text Highlight

Rotate Pages

Article Tool

Touchup Text

Pencil

Distribution over network
Standard page turning effect
Highlight tool

Rotate Pages

Extract Pages

Import Pages

Page Layouts

Zoom In/Out

Print

Building a collection of books

Multimedia

Listen Reader

Listen Reader
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Book [Back, 2001] » Electronically augmented paper based
audio book
Kumar Vishwa = Invokes multi-layered movie sound
Kosha CD Title track as one handles a real book
Kumar Vishwa Kosha
Life & Work of = Alphabetical Index in Marathi
Ramanujan CD = Audio/Visual/Video Index
Title = Multiple Pages
» Next, Previous Page
* Print
* Bookmark (Folded corner of a page)
= Magnify Image
Life & Work of Ramanujan CD Title
s Similar set of features as above
Book in a Inscript Typing = Index
classroom Tutor for Indian = Multiple Pages
Scripts = Next, Previous Page
Pile of Pile Interface * Browsing through a pile of files,
books [Mander, 1992] documents, books
= Piles of mixed media
= Categorization based on attributes of
contents
» Spread out piles
= Pile structure
= Side shift
» Pulling out a document
Books and KeeBook Creator = Select book jacket
book for Education =  Full book view
shelves [Shiratuddin, =  Page view
(Personal 2003] » Book stand
collection) * Book shelves
= Shelf name for topic wise categorization
of books
Library Digital Library = All book related concepts in addition to
[Dunker, 2002] classification, cataloging, sharable
annotation, dictionary, intelligent
searching and library management
features
Book as a Dnyaneshwari CD » Next, Preyious Page
Temple Title [Katre, ] Apto—playmg of al{dio recitation along
(Spiritual 1999] with guto-pag_e turning
Book) = Meanings of difficult words

Time for practicing the recitation of
verses during auto-play mode

Jump to a Verse

Resume from the point where stopped
last time

Show only Bhagvadgita or
Dnyaneshwari or both together
Bookmark (Peacock feather)

Store multiple bookmarks
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= Annotation (Office clip)

= Status of location in book

= Devine foresight for viewing the
rendering of spiritual metaphors

= Print
e-Book for Xlibris [Marshall, = Annotations
Legal 2001] = View annotated passages
Research = Clipped passages

Thematic organization of passages
Linking, cross-referencing

Above documentation reveals that user interface designers have viewed the ‘book’
metaphor from different viewpoints and emphasized on different elements of it. The
following discussion presents the comparative analysis of varied applications of
‘book’ metaphor enlisted in Table C1.

C1.1. Perspective and Focus
« The functionalities of Acrobat Reader are centred on electronic publishing,

distribution and reading of documents over network. It is designed to publish
electronic user manuals, technical documents and research publications for
professionals. This has resulted in greater detailing of access restriction through
features like digital signature, self-sign and reading tools for annotations, notes,
highlighting and touch up, etc. All features are oriented to satisfy the publishers
and readers of technical literature.

= Inscript Typing Tutor mainly focuses on ‘classroom’ metaphor. ‘Book’ is one of
the many objects in the classroom. The application does not deal so much with
reading material and therefore there is no focus on ‘book’ metaphor. The ‘book’ is
merely an icon as part of the classroom. The software is designed for school
children.

« The 3book project focuses on achieving physical look and feel of the book. The
realistic page turning effect is the most attractive functionality of 3Book. The
book can also be rotated in 3d space for the convenience of reading. 3Book is

designed for general readers.
The ‘Pile’ metaphor focuses on how it can be used for organization of documents

in an operating system. It does not focus on the contents of documents. It has

been designed for general computer users.
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Figure C1. KeeBook with Bookshelf, Book Jackets and Reading Stand

= KeeBook software focuses on features that are based on bookshelves, styles of
book jackets and book stand for reading unlike any other product. It is targeted

to enable the readers in managing a personal collection of e-books. It also
supports the choice of book jackets and the freedom to arrange the books in the
shelf.
These observations clearly indicate that the perspective and focus of ‘book’
metaphor has varied in every example. In all these examples the targeted
users, usability objectives and the importance attached to certain

functionalities is distinctly different.

C1.2. Field of View

= It can be observed that the field of view has varied starting from ‘page’ to

‘library’. It is like zooming out starting from an element level up to the

environment level. Field of view is particularly different in Magic Pages,

Dnyaneshwari, Inscript Typing Tutor, Acrobat Reader and Digital Library

applications.

In case of Magic Pages, the field of view is very narrow and it includes the

attributes of a page and information content printed on it.

= Inscript Typing Tutor is based on ‘Classroom’ metaphor. The book is one of the
several elements of ‘classroom’ as seen in Figure C2. Therefore, it does not
include most of the characteristics of a book. It serves only as a link for giving

introductory information about the script chosen for typing.

153



APPENDIX C. Variant Aspects and Determinants of Variance

A Book

-

. «

a.rlvnlca Rifri|refus |'.Ios-"r |d|1 -l N
. ™ s #lv o]

1= f [ L
u:"I‘-J':IG‘»FlHllKﬂ
\ d = tl =&

®
| |
| Tt CujvajBaINGImal<
N G o ) e
|

Figure C2. '‘Book’ as an element of ‘classroom’ metaphor
Keebook software keeps books, bookshelves and bookstand are kept in the field
of view.
Acrobat Reader includes several activities relating to publishing, distribution and

reading of documents.
The digital library includes books, shelves, catalogs, librarian and a host of other

features relating to sharing of books over network. In case of Acrobat Reader and

Digital Library the field of view is much wider.

It is evident from the above examples that the field of view of ‘book’

metaphor has got widened or narrowed to match with the scope of

software.

C1.3. Affordances

Usually only those affordances of metaphor get selected [Mohnkern, 1997] [Norman,
1990 and 1999] [Torenvliet, 2003] that help in satisfying the usability requirements.

For example, Acrobat Reader dwells upon the affordances of ‘book’ metaphor
such as annotations, pagination, page layouts, bookmarks, highlighting tool, etc.
Dnyaneshwari does not include all these features. But it has some other features
like auto-play where pages turn automatically and the verses are recited. It also
provides meanings of difficult words.

The concept of clipping and indexing of annotated passages has appeared only in

e-book for legal research and not in any other application.
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= Sorting of annotations on the basis of ink color is supported only in Magic Pages.

» Support for selecting the book jacket and bookshelves for managing the personal
collection of books is unique to KeeBook Creator.

« Audio support of Listen Reader is not provided anywhere.

= The realism of page turning and realistic appearance is attempted only in 3Book
project.

The usability requirements and feasibility constraints are unique in all the

examples mentioned here. These have determined the selection of

affordances of ‘book’ and related metaphors.

C1.4. Flavor & Tone

* The multi-layered sound track of Listen Reader offers different background music
and sounds for setting appropriate ambience while reading a story from the book.
Basically it adopts appropriate flavor of the story. The tonal quality is decided
based on whether the stories are for children, teenagers or adults.

= The representation of ‘bookmark’ concept has varied in different products as
shown in Figure C3. Dnyaneshwari CD Title uses ‘peacock feather’ as a
bookmark, whereas Kumar Vishwa Kosha folds the top-right corner of a page.

= As shown in Figure C4., the ‘Exit’ icon in Dnyaneshwari is represented by a
picture of a religious book being wrapped in a saffron cloth. As Hindu devotees
have a tradition of wrapping the religious book in sacred saffron colored cloth
after they have finished reading it. This representation contributes to the spiritual

flavor of application.

« If Figures B2. and B5 are compared they show a distinct difference in the flavor
and tonality of user interface of Inscript Typing Tutor. It is designed to offer
different experience to school children and adult users. Therefore, Figure BS.
shows smaller icons, conservative colors and representations of electronic
gadget, executive notepad and folder in place of backboard, slate, toolbox and

schoolbag from the classroom.
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Figure C4. Exit Button in Dnyaneshwari
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Figure C5. Inscript Typing Tutor for Professionals

The distinct change in flavor and tone of interface metaphor is due to the

context and the role of software.

156



APPENDIX C. Variant Aspects and Determinants of Variance

C1.5 Fusion
The real life affordances like the physical look and feel, page turning effect,

changing thickness of the sides as the pages get turned, stacking the books in
cupboards or shelves are fused with the software for offering real world
experience.

As one turns the pages in Dnyaneshwari, one can listen to the recitation of verses
on that particular page. The recitation of verses is not the affordance of a regular
book. It is the affordance of a scholar of Dnyaneshwari. But it is fused with the
book metaphor in Dnyaneshwari.

Another example is of MS Word where the affordance of a dictionary is fused with
the typewriter metaphor to provide automatic spell checking.

Following are the examples in which the constraints from real life are overcome.

In auto play mode, the pages turn automatically and the recitation of verses
continues along with it for around 240 hrs.

The divine foresight feature in Dnyaneshwari CD Title enables you to see the
animated visualization of spiritual metaphors.

The possibility of searching by keyword in Acrobat Reader, sorting the
annotations based on ink colors in Magic Pages or automatically clipping and
indexing the annotated passages in e-book for legal research are the other

examples of magical effect.

Most of the above mentioned magical effects are achieved during the effort
of meeting the aspirations of users and usability requirements. This
comparative analysis has helped us in identifying the aspects of interface
metaphor and the respective determinants used for their tuning. The same
‘book’ metaphor is tuned differently for different software products.
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D. Preparing to Dissect the Interface Metaphor

D1. Selection and Tuning of ‘Classroom’ Metaphor

Table D1. Selection of Interface Metaphor for Inscript Typing Tutor

Software Product

Inscript Typing Tutor for Indian Scripts

Users

Schoolchildren
Age Group: 6 to 15 years
Country: India

Most common knowledge dimension

Day-to-day Knowledge

Knowledge domain

School

Reach

Global

Localization

Very small percentage

Juxtaposing of CTP and IPS

Not Applicable

Interface metaphor identified Classroom
Knowledge dimension of metaphor Day-to-day Knowledge
Matching of knowledge dimensions Positive

Possibility of comprehension High

Category based on interrelationships Coherent

Category based on the levels of
conceptual structure

Multitudinous CS

Potential of Interface Metaphor
JE 0

High

Selected

Table D2. Tuning of Interface Metaphor for Inscript Typing Tutor

User
School Children

Perspective
View the classroom from the standpoint of
school children.

Usability objectives

» Inscript keyboard is difficult to learn.
Proposed typing tutor software should
teach the Inscript keyboard without any
overhead of learning for mastering its
own user interface.

= Learning process of typing in variety of
Indian Scripts, using Inscript keyboard
should become a playful activity.

Focus

= Classroom environment is very familiar to
schoolchildren. It allows incorporation of
lessons, exercises and tests. To make it
enjoyable it will be possible to introduce
games, puzzles and quiz type of activities.

= Most important functionalities of Inscript
Typing Tutor like learning to write Indian
scripts and practicing to type with
increasing complexity can be evolved into a
well-planned course. This course is
proposed to be delivered in the most
familiar classroom environment.

= Metaphoric concepts like blackboard, slate,
notebooks, books, toolbox, schoolbag,
teacher, test, mark sheet, certificate can be
kept in focus.
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Software Scope

The scope of software is briefly defined as

under. Inscript Typing Tutor should-

» Teach how to write Indian scripts.

s Teach how to type using Inscript
keyboard and help in developing the
typing skills in a particular Indian script.

» Provide alphabetical games and puzzles
to make the typing lessons enjoyable.

= Evaluate the typing performance of the
learner and provide a mark sheet. It
should also provide a certificate after
successful completion of the course.

Field of View

Keeping just the classroom activities in the
field of view should be sufficient. Activities
relating to entire school need not be
considered immediately.

Usability Requirements

* The user should feel that (s)he is sitting
in the classroom.

s Writing in Indian scripts should be as
good as regular pen and paper
experience.

* Tutor should show how to write the
alphabet.

* Tutor should guide and help while
learning to type.

*« The software technology look should be
invisible.

Affordances

Visual look and feel of classroom.

Real life behavior of objects wherever they
are useful in meeting the usability
requirements.

Context
s Educational

Flavor

A mix of educational and vyet very
entertaining flavor for children.

Role of Software
= To teach how to type in Indian Scripts

Tone

The tone of teaching should address the
ego state of schoolchildren. The software
should enforce discipline while learning and
at the same time hold the interest of school
children.

User Aspirations

» Typing using Inscript keyboard is
perceived as very difficult due to natural
choice of English for transactions. Can it
be made simpler?

« Learning to type in Indian scripts is
quite boring. Can it be interesting?

« In case of non-resident Indians, who
can teach us?

Fusion

It is not the job of tutoring software to
simplify typing using Inscript keyboard. All
it can do is make the skill development
process enjoyable.

Weaving the typing games, puzzles,
lessons, exercises and tests as part of a
course to make it interesting.

Provide classroom environment to maintain
educational flavor.

Teach through lessons, exercises, dialogs
and provide guidance to learners.

Support auto evaluation of typing,
production of mark sheet and finally the
certificate to create magical effects.
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D2. Selection and Tuning of Diverse Metaphors

Table D3. Selection of Interface Metaphor for Quick MM Album Author

Software Product

QuickMM Album Author

Users

Photographers and ordinary People
from India

Most common knowledge dimensions | Professional, Day-to-day

Knowledge domain

Photography

Reach

Global

Localization

Event specific

Juxtaposing of CTP and IPS

Done (Results given below)

Core metaphor identified

Photo Album

Supporting metaphors

Exhibition, Greeting Card, Calendar

Knowledge dimensions of metaphor

A mix of professional and day-to-day

Matching of knowledge dimensions

Positive

Category based on interrelationship

Diverse

Category based on conceptual
structure

Album: Inanimate Singleton
Exhibition: Conglomerate
Greeting Card: Inanimate Singleton
Calendar: Inanimate Singleton

Potential of Interface Metaphor High
I_ Selected

Table D4. Tuning of Interface Metaphor for Quick MM Album Author

User
Photographers and ordinary (in terms of
skills, education, economic status) people

from India

Perspective
From photo album to multimedia album
production

Usability objectives

= Enable photographers and ordinary
people from India in authoring a
multimedia album without requiring
them to learn lingo scripting or
programming.

Focus

* Making an album of photographs is well
known to all users. Therefore focus should
be on producing a multimedia album.

* The supporting metaphors like exhibition,
greeting card and calendar should not be
given so much prominence

Software Scope

= Provide a readymade template for
integration of multimedia contents.

= The template should address the
requirements of event documentation.
The multimedia contents will be in
terms of photographs, video clips,
audio clips, etc.

=  Provide a library of theme based
background images, cliparts N

»  Support of Indian languages for giving

Field of View

= Keeping just the album metaphor in the
field of view is not adequate as there are
many other requirements beyond the
affordances of album.

captions
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Usability Requirements

= The process should be just like
integrating an ordinary photo album

« The user should be able to predict the

Affordances

= Most of the real life affordances of a photo
album like insertion of photos, pages,
thematic colors, images for cover design,

« Authoring: Photo album production
« The resultant application: personal
taste, event to be documented

functionalities etc.
« No scripting/programming
Context Flavor

= Authoring: Photo album production

« The resultant application: tune to the
flavor of the event of documentation such
as marriage, inaugural function, etc.

Role of Software

Tone

= Exploit computers to add value to their
existing profession

= Provide multimedia albums to their
customers

Facilitate the process of multimedia album | Neutral
production
User Aspirations Fusion

» Integrating video, audio clips along with
photographs, as part of an album is quite
magical. The affordances of exhibition,
greeting card, calendar should be fused
with album metaphor

It is important to know why exhibition, greeting card and calendar metaphors are not

kept in focus. Exhibition is a conglomerate metaphor but if you dissect it deeper, it

produces concepts that have no relevance with the software scope of QuickMM

Album Author. Concepts like venue, stalls, space allocation, seminars, panels,

reception, sponsors, advertisements, etc. have no conceptual alignment with Album

metaphor. Therefore, it is treated as a flat metaphor. Whereas, greeting card and

calendar are inanimate singleton metaphors. Their conceptual structure is naturally

less rich than that of the album metaphor.
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E. Dissection of Office Cabin Metaphor

for Inscript Typing Tutor Software

Table E1. Dissection of ‘Office Cabin’ as Interface Metaphor

Cross Domain Mappings (CDMs)

CDM Req. Application Domain- -Reference Domain - Meta. MM
Nos. IDs Requirement Titles Office ‘Cabin Cat. Rep.
CDM 1. 1. Introduction to Indian Book IS LV
Scripts
CDM 2. 2. Demonstrate writing Palmtop (Modern device) F LV
CDM 3. 3. Drawing area for practice Executive Notepad F LV
CDM 4. 4. Reference of letter (on/off) | Tracing paper IV
(add/remove)
CDM 5. 5. Draw tool Executive class Pen IS I, Fn,
CDM 6. 6. Erase drawing Eraser F IP, I
CDM 7. 7. Refresh New blank page F I
CDM 8. 8. Typing speed Electronic watch F IV
CDM 9. 9. Open drawing Taking it out from the | F IP, An
folder
CDM 10. 10. | Authentication of certificate | Signature of Examiner VvV, T
CDM 11. 11. | Save current state of work Hold it until I clear F IP, Fn
CDM 12. 12. Provide guidance & tips Professional colleague / | AS -
mentor
CDM 13. 13. Register User Name Joining the Indian S Fn, I
Language Club
CDM 14. 14. | Save settings (slate, pencil, | Noting it in personal diary F L I IP
color)
CDM 15. 15, | Save my typing / writing Keeping it in a exec. F 1P, An
suitcase
CDM 16. 16. | Show demo and drawing Palmtop and notepad F IP, L
area
CDM 17. 17. | View demo only Mentor only (Palmtop) F IP, L
CDM 18. 18. | View my drawing area only Member only (Notepad) F IP, L
CDM 19. 19. Build letter forms with Puzzle / Game /Quiz IS -
components
CDM 20. 20. | Visual Key pressing by F A
mouse Key pressing sound
CDM 21. 21. Warning signal Beep sound F A
CDM 22, 22. | Performance evaluation Mark sheet and Certificate | IS L
CDM 23. 23. | Tools Executive Toolset IS P, LI
CDM 24. 24, Log maintenance Attendance Register IS Fn, V,
LI
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Table E2. Unmapped Concepts (UCs) of ‘office cabin’

as interface metaphor

Application Domain UC Nos. Reference Domain Meta. MM Rep.
Requirement Titles Office Cabin ‘ Cat. '
UC 1.| Phone / Fax ? ?
UC 2.| Library M M
UC 3.| Notice Board S L, Fn
UC 4.| Dictionary S Fn
UC 5. Indian script e-mail S Fn
UC 6. Chat in Indian Language S Fn
UC 7.| Draft a letter F Fn
No Matching Requirements UC 8.] Indian Language Calendar [3 Fn, L, V, IP
‘= UC 9.| Indian Almanac S Fn,L,V,IP

v

(pT)
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F1.1 User Domain Lexicon (UDL)

F. Examples of UDL and ADL

Table F1. Sample of User Domain Lexicon (UDL)
No. | Words/ Languag | Definition Context of application Mental Models
Phrases e/ Script
Task 1. Data entry of museum records
Nouns
1.1 Record English / Information of an artifact based on The record of an artifact is
English fixed set of parameters like title, referred for more information.
historical background, age, etc.
1.3 Accesion No. English / A unique number by which a record While searching the record. All museum authorities:

English can be retrieved. Once assigned an accession no. to an
artifact, nobody can change it. There is
no standard numbering discipline. We
can guess from the style of numbering,
in whose tenure an artifact was inducted.

Verbs
1.4 Classify English / All objects in a museum are classified | Classification is helpful in Curator:

English based on theme, period, materials. searching a particular artifact. An object can be classified under many
categories. Categories are Iinfinite in
number. Not all are known. There can be
difference of views to a classification.

1.5 Comment English / Suggestions for improving the quality | Director and Curator write their Data Entry Operator:
English of a record. comments and return the draft of | Curator's comments are about
a record to curator. typographic errors. Director asks for
change in content. It takes longer time,
as Curator has to rewrite.
1.6 Approve English / The draft of a record is accepted for On feeling satisfied with the Data Entry Operator & Curator:

English inclusion in Main Accession Register. contents of a record, Director Once approved no more changes can be

' approves it. made. Sr. Curator can also approve if
the Director delegates his power. Curator
cannot approve a record.

1.7 De-access English / Certain entries are temporarily While giving some objects on
English removed from register. loan. But these entries are
restored after loan period is over.
Adjectives
1.8 Sensitive English / A record as a subject of dispute For keeping some information All: Most people avoid working on a
English confidential. disputed topic.
Phrases
1.9 Main Accession Register English / A notebook In which all records are To find final records
English properly indexed and documented
1.10 | Conservaticn report English / | Documentation of damages Useful in identifying damages
English introduced in an artifact introduced over a period.
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F1.2 Application Domain Lexicon (ADL)

Table F2. Sample of Application Domain Lexicon (ADL)
No. | Words/ Language | Definition Context of application Mental Models
Phrases / Script
Task 1. Data entry of museum records
Nouns
1.1 English / The first page of the application The place from where one enters -
Homepage English accessible from anywhere within the | the virtual museum.
application. The central location
where the root links for navigation
are available.
1.2 Module English / A unit for defining a part of The location where all approved A group or a distinct set of related
English something. records are visible. The location activities clubbed together in software.
where the subscription details are
found.
Verbs
1.3 Update English / Incorporate the latest information. Improving the quality of Saving any type of modification.
English information in a record by adding
latest information.
14 Submit English / To allow oneself to be subjected to Saving the newly created record Adding the information to the database.
English something imposed or to be and sending a copy of it to
undergone. curator for checking.
1.5 Delete English / Completely remove or erase the Removal of record from Main The record is deleted from Main
English existence of something. Accession Register (As per the Accession Register but in the background
museum rules deletion is not it is actually moved to some other
permitted). location. It is never deleted.
Phrases
1.7 Display Page English / Presenting the required information Previewing the final record. --
English on computer screen.
1.7 Display All Entries Engtish / Presenting the links of required Showing the list of records.
English Information on computer screen.
1.8 Display Files English / | Presenting the list of data files on Showing the attached multimedia | --
English computer screen. objects like video clips, images,
3D models.

165



APPENDIX F. Examples of UDL and ADL

F1.3 Examples of Linguistic Metaphors

Following definitions and examples of linguistic ontological metaphors are from the
book named ‘Metaphors We Live By’ [Lakoff et al., 1980].

1. Entity and Substance Metaphors
Ontological metaphor offers experience of physical objects providing
substance and orientational references to abstract concepts.
Examples:
« Inflation is rising. (Entity)
N = We are working towards peace. (Referring)
= It will take a lot of patience to finish this job. (Quantifying)
« The pressure of responsibilities.
2. Personification
Inputting the human qualities to things that are not human.
s Life has cheated me.
= Cancer finally caught up with him.
= Qur biggest enemy is inflation.

2. Orientational Metaphors
Using spatial or directional references with concepts which are not physical

in nature.
« It requires deeper understanding.
= High status is up, low status is down.
= All up coming events are enlisted.
= His mood is low.

4. Metonymy
Using one entity to refer another that is related to it.

s Food is waiting for you.
» Acrylic has taken over the art world.
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G. Examples of Heuristic Criteria

G1. Familiarity
G1.1 Existing Knowledge

Example 1.

During the project of 3D Watershed Game for villagers, the progress of time was to
be indicated as part of the user interface. The period of four years is miniaturized to
one-hour duration in the game. During brainstorming sessions, ideas like ‘calendar’
and ‘clock’ were suggested for this purpose. Both ideas got rejected as they belong
to ‘day-to-day knowledge dimension’ of educated people. Figure G1. shows scheduler

metaphor that uses both ‘calendar’ and ‘clock’ representations.

/W
]
Figure G1. Scheduler Icon in AVG Anti Virus Utility
The ‘calendar’ metaphor was ruled out, as it is unfamiliar to illiterate villagers. It was
observed that the villagers display the calendar in their houses only for its decorative
value. Both ideas involved reading of text. Considering this background, it was
decided to represent time by designing a season indicator. It contained the pictures
of Summer, Rainy and Winter seasons. The sub-segments (indication of months)

under the block of every season were highlighted for showing the progress of time.

Figure G2. Pictorial representations of various seasons

Example 2.
Photo album, artist’s portfolio and catalog were considered as alternative candidate

interface metaphors during the development of QuickMM Album Author. The software
is targeted to photographers and event managers. Its applications are meant for
general masses. At the prima-facie assessment, one realizes that proposed user

group is likely to depend upon ‘day-to-day knowledge dimension’.
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In this case, the candidate interface metaphors have following knowledge
dimensions-

Photo Album: Day-to-day

Portfolio: Professional / Educational

Catalog: Professional / Educational

Cataloging requires knowledge of standards and indexing techniques. Librarians and
archiving experts are trained with cataloging skills. Whereas, artists, architects and
investors use portfolios for managing large documents. ‘Photo album’ is the most
familiar metaphor for the specified users as it belongs to day-to-day knowledge

dimension.

It was decided to chose ‘photo album’ as interface metaphor to start with and
consider the ‘portfolio” and ‘catalog” as supporting metaphors, which could be useful

during the advanced versions of this software.

G1.2 Generality
Example 3.

The use of ‘classroom as interface metaphor in Inscript Typing Tutor meets the
generality criteria as it is most common to all students. It also properly encompasses
the clusters of functionalities in the software.

Figure G3. World Start and Stop Icons in Cult 3D

Example 4.
Figure G3. shows the ‘world start” and ‘stop” icons represented as traffic signals in

Cult 3D software. These icons perfectly meet the generality criteria as most users are

exposed to traffic signals.
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G2. Similarity
G2.1 Structure

Refer the example of coherent and diverse interface metaphors given in Chapter 5.

for structural similarity.

G2.2 Behavior
Example 5.
There cannot be many functional similarities between the software and interface

metaphor. For example, the internal mechanism of a brush tool in Adobe Photoshop
is altogether different than the real brush. But both serve the same purpose.
Functional characteristics of the brush in terms of its size, stroke thickness and

quality, and the ink flow are designed to behave similar to the real brush.

Example 6.

As shown in Figure G13. NVIDIA QuadroView uses round buttons for rotating the 3D
madel in X,Y and Z axis. The functional characteristics of round buttons provided in
software are exactly similar to the buttons used in devices like Radio, Tape Recorder,
etc. The Photoshop software provides a toolbox. It has inherited many affordances of

a real toolbox. It contains various tools and can be moved around the screen as

required. B
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i
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Figure G4. Round buttons in NVIDIA QuadroView and Toolbox of Photoshop
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Example 7.

Genesal | Duves  Stsfaces | Pokygens | Subdive | Deformation | Anmation | Dynamics | Rendeing | PantEfiects | Coth | Fhids | Fur | Custem | a
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Figure G5. Shelves in Maya Software
As shown in Figure G5. Maya software has used the concept of shelves in which
various tools can be stacked and removed if not required. The magical aspect of

these shelves is that they are scrollable. The affordances of a real shelf are perfectly

captured in the form of functionality.

G2.3. Spatial Layout
Example 8.
The Divex DVD player shown in Figure G6. emulates Television and VCR through its

spatial layout. Presto Mr. Photo software shown in Figure G12. is also an excellent

example of spatial layout.

DN PRV

Figure G6. Television and VCR metaphor used in Divex Player

Example 9.

= Welcome to elorld ==

A visit to the Arts &
Leisure Pavilion will
keep you up-to-date
with infarmatian on
everything from health
matters to
entertainment.

Figure G7. Village metaphor used by Apple e-World Online Service
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Figure G7. shows how the ‘village’ interface metaphor was used by Apple e-world
wherein every feature is represented as landmark buildings or towers. Each building

is actually a hyperlink.

Example 10.
Figure G8. shows how the ‘temple’ metaphor is used for presenting the index of

chapters and other philosophical scriptures. It provides a conceptual model for the
users to easily recall the location of every link in the index. The temple metaphor is
illustrated by saint Dnyaneshwar through lyrical verses in the 18" chapter of
Dnyaneshwari. A 3D model of temple metaphor is constructed in VRML format for
giving hyperlinks to various chapters in three-dimensional space. This helped us in
adding spatial cues to the conceptual structure [Katre, 2002]. In this case, we found
that the conceptual structure of interface metaphor is serving like a mnemonic in

recalling the order and names of chapters and philosophical scriptures.
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Figure G8. Temple metaphor in Dnyaneshwari
Example 11.
During the digital library project, the author of this dissertation asked a librarian to
recall and describe the path for reaching the location where the volumes of
Encyclopedia Britannica are kept in the library. The librarian used references of
architectural elements, colors, shapes and spatial directions during the narration of
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the path. He also performed mental rotations of 3D space, defined relative positions
of objects in his mind, until reaching the specific location on the bookshelf where the
encyclopedia was kept. This experiment proves the fact that spatial clues are

extremely important for good memory recall [Katre, 2004a].

G3. Extensibility

G3.1 Relevance and Longevity
Example 12,

Figure G9. Mobile phones with icons of ‘land-line telephone’

The modern mobile handsets have the ‘land-line telephone’ as an icon on their
keypads. This is because the present generation of consumers is initially exposed to
land-line telephones. It is part of their existing knowledge and mental model. The
new generations, which are directly exposed to mobile phones, may not require this
type of icon. Therefore the longevity of this interface metaphor is maximum 10 years
in developing countries. In fact some mobile handsets used in developed countries

already do not have this icon.

The better option is to use ‘mouth’ and ‘ear’ as icons on the mobile handsets. These

icons will never lose relevance.

G4. Compatibility

G4.1.Customizability
Example 13.
The Ganesh (the Hindu god symbolizing the source of universal intellect and

knowledge) metaphor from Dnyaneshwari includes several metaphoric concepts that
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are customized to meet the requirement of communication. The Puranas (Indian
mythological scriptures) are written in total eighteen parts. Therefore, saint
Dnyaneshwar visualized lord Ganesh wearing a necklace with eighteen beads as the

representation of eighteen Puranas as shown in Figure G10.

Normally, lord Ganesh has four hands as per the Indian mythology. But because
Dnyaneshwar wanted to represent Shadadarshanas (six different disciplines of Indian

philosophy), he visualized lord Ganesh with six hands.

Figure G10. Eighteen Puranas as beads of necklace and

crown with ten flowers as Upanishadas of lord Ganesh

Also because there are ten Unpanishadas (Indian philosophical scripture), saint
Dnyaneshwar visualizes the crown of lord Ganesh decorated with ten flowers
representing the ten Unpanishadas as shown in Figure G10. In this example, the
number of beads in the necklace, the number of hands of lord Ganesh and the

number of flowers on the crown are adjusted or customized to meet the requirement

of the application.

G5. Representability

G5.1. Appearance
Example 14.
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The appearance of bookshelf, books and reading stand in Keebook Creator software
as shown in Figure C1. is very distinct and easy to recognize. The software supports
giving unique colors to book jackets for quick identification. The sizes of books, shelf,

and reading stand are closer to real.

In Figure C2. the slate is of the same size as the blackboard. It should have been
slightly smaller in size.

Example 15.

In some situations, the reference object selected as interface metaphor has an
ambiguous form, e.g., the concept of ‘paperweight’ is introduced in Inscript Typing
Tutor. The software has a feature for temporarily saving the drawing. The user has
to just drag the ‘paperweight’ on to the drawing area for this purpose.

Several options for depicting this metaphor were explored but most subjects failed to
recognize the graphical representation of the paperweight. The reason of its failure is
the ambiguous appearance of paperweight itself. It lacks distinct and recognizable

form. There are paperweights of varied types like metal statues, glass balls, dolls
and other unconventional forms.

Example 16.
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Figure G11. Light box metaphor of PhotoDisc
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The ‘light box’ metaphor introduced for selection of images in PhotoDisc software, is

a good idea. The designers and artists are familiar with the ‘lightbox’ concept and its
application. But if you see the presentation of so-called ‘light box’ metaphor in Figure
G11., it hardly conveys anything to do with it. The interface metaphor is presented

only at textual level. It completely lacks visual appearance.

Example 17.

Figure G12. Lightbox in Presto Mr. Photo Software
Contrary to the earlier example, the depiction of ‘light box’ metaphor in Presto Mr.

Photo software shown in Figure G12. is closer to real.

G5.2.Depiction

Example 18.
The depiction of ‘classroom’ metaphor in Typing Tutor software as shown in Figure
C2. is very realistic as the schoolchildren are less likely to comprehend abstract or

subtle depiction of interface metaphor.

Example 19.

Figure G13. Gesture Icon in DataGlove Manager, e-mail video and
clear video icons in Presto VideoWorks software
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At times, the realistic portrayal of metaphor is perceived as literal depiction
of metaphor. But it is necessary for certain type of users. The gesture icon shown in
Figure G13. is a typical example of bad depiction and semantics. It does not convey
anything about gestures. As per the lexical break up of the icon, the lens is
completely unnecessary. Also the ‘e-mail video’ and ‘clear video’ icons do not portray

the idea properly.

Whether the depiction has to be very realistic, optimized or stylized
depends on the visual literacy of users. The season indicator shown in Figure
G2. is designed with more realism. It provides maximum number of visual clues to
make it understandable to villagers. On the contrary, Figure G14. shows an abstract

and oversimplified graphic forms that were found extremely difficult for the villagers

»* || QA

to understand.

Figure G14. Oversimplified form of season indicator

G6. Cognitive Ergonomics

G6.1 Mental Model
Example 20.
The ‘In/Out trays’ and ‘register’ are used as interface metaphors in JATAN: Virtual
Museum Builder. Commentary of Task Performance (CTP) shows that these objects
are part of the regular workflow of museums. Naturally, these are part of the mental
model of the museum staff. These interface metaphors exactly represent certain

functionalities of the software.

G6.2 Semantics
Example 21.
The ‘season indicator’ proposed in the 3D Game is workable only in Maharashtra

state of India. The distribution of seasons in other geographic regions is likely to be
different. Therefore, the semantic properties of season indicator are true and
consistent only for the users from Maharashtra state. This defines the limitations of

semantic suitability of the ‘season indicator’ metaphor.
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SRR
Eji |AddKeysTDd[

Figure G15. Key-frame icons used in Maya uoftware

Example 22.

Key-frames used in animation have nothing to do with the actual ‘key’ object as
shown in Figure G15. In animation, key frame means, the frame that marks the
distinct position in a motion. In this example, the semantic properties of ‘key’
attributed to ‘key frame’ are false and hence misleading. Semantically, it is an

imprecise representation. The novice users are likely to take it in literal sense.

Example 23.
AT
z -
WinZip —
add

Figure G16. File compression icons of WinZip and WinRAR
Semantically, the Winzip icon, which shows the jack being used for compressing the
collection of files, is more correct and obvious. It is also consistent with the desktop
metaphor of Windows. Whereas, the WIinRAR, another application of similar type,
uses an icon showing a set of books tied together using a belt. It lacks generality
when it comes to representing the files. One is likely to misinterpret it for book

archival only. Refer example 18. for wrong semantics.

G6.3 Syntactic
Example 24.
In Figure G3. the ‘world’ concept is not represented in the icon. In the same figure,

the third icon is titled as ‘world step’. Ideally, all three icons should have the ‘world’

as a common lexical element. It is reflected in textual propositions. All three icons, if

viewed together lack the syntactic quality.

Example 25.

CKTToLdIB b ¥

Figure G17. Syntactic Design of Icons from Maya
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Figure G17. shows a series of icons that convey various functionalities relating with
surface modeling such as trim surface, cancel trimming, attach surface, cut surface,
extend surface, edit surface, etc. It reveals the pattern of logic through the design of
icons. But these are a set of icons only. It is desired that the entire conceptual
structure, layouts, icons, text, sounds, dialogs, and functionality all to be woven
syntactically. Such examples are rare to find.

Example 26.

In ‘classroom’ metaphor, as soon as the children recognized the slate, all other
concepts like toolbox, schoolbag, books, etc. got recognized. Figure C2. shows how
the background layout can contribute to the syntactic design of interface metaphor.

G6.4 Comprehensibility
Example 27.
Many times the referred object is recognized by the users but they fail to understand

KX

Figure G18. Headlight Icon in NVIDIA QuadroView
The NVIDIA QuadroView software uses the ‘table lamp’ icon for representing the

the associated proposition.

‘headlight’ feature. While navigating through the 3D environment it is required to
switch on the headlight for visibility in 3D space. This is an obvious case where the
‘referred’ and ‘referent’ are not matching. The associated proposition (referent) is
titled as ‘headlight’. But the icon (referred) shows a table lamp. It can also be an

example of wrong semantics.
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= G7. Feasibility
G7.1 GUI Constraints
Example 28.
A
Figure G19. Slider visualized (A) and the actual
implementation (B) for Typing Tutor software
3 Figure G19. shows how the slider for reducing and increasing the speed of animation
was visualized (A) and what was actually implemented in the software (B). It
indicates the slight compromises made on the look and feel of the slider due to the
constraints of GUI implementation. But still the final result is quite closer to original
multimedia visualization.
Example 29.
|
3
=
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Ta3r
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Figure G20. Visualization of tabs
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In the same software, tabs are used for switching between the trial and test of every
typing lesson. Based on the visualization and multimedia rendering, the software
developer immediately foresaw the constraints of changing the visual appearance of
tabs in Visual Basic. This feedback helped in exploring other feasible alternatives.

Finally option C was selected in place of tabs as shown in Figure G22.
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H. Multimedia Rendering of Interface Metaphor

Figure H1. shows how the traversal of a museum record between the In and Out

trays of data entry operator, curator and director is visualized using multimedia. In
this example three consoles of the members participating in the transaction are
visualized in the same sequence. This interface metaphor is rendered using

interactive multimedia for JATAN: Virtual Museum Builder.

18 DEQ Login Curator Login
[
| | T = |

A rmutsum record

Figure H1. Traversal of a record through

In/Out trays rendered using multimedia
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. Sample of Captured Mental Models

As shown in Table Al in Appendix A, around 7 subjects participated in the usability
acceptance test of certain interface components designed for the 3D Watershed

Game Project. The author of this dissertation conceptualized and designed the
interface metaphors and also conducted the usability tests on 4 Oct. 2004 to find
whether the mental model is properly captured or not. The results of the test are

given below whish eloquent enough.

Figure I1. Usability Testing

Figure I2. Season Indicator

Test 1.: Visual Depiction

Interface Component 1.: Season Indicator To Show Progress of Time
Test Results:
Immediately recognized: 4
Recognized after some prompting: 3
Subject No. 2 required long time for recognition due to poor eyesight. He
admitted that he had eyesight problem. Many of them used a term called
Pankalaa for rainy season.

Acceptance:
All subjects accepted the representation of seasons.

Suggestions:
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Some of them felt that the depiction of rain showers and clouds should be
more accentuated.

Conclusion:

The details mentioned above may be accentuated further. With a bit of
introduction the season indicator will be immediately understandable to

almost all villagers. The season indicator is unanimously accepted.

Test 2.: Representation of Months in Season Indicator
Test Results:
Immediately recognized: 3
Recognized after some prompting: 3
= The subject with poor eyesight had a problem in figuring out the
visuals.
= 2 subjects were confused by the color of animated progress bar.
Acceptance:
All subjects accepted the representation of months as 12 different slots (4
slots per season).
Suggestions:
There was no concrete suggestion.
Conclusion:
‘Month’ being an abstract concept does not have the concrete visual form. The
subjects after a bit of introduction were able to calculate the months. The

depiction of months is unanimously accepted.

Figure I3. Sliding cupboards as user interface
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Test 3.:

Interface Component 2: Sliding Cupboards with Tabs as Tool Containers
The test also involved usage of touch screen interface. After touching the
handle, the cupboard slides into the screen. It contains objects like spade,
sickle, axe, gas cylinder. There are several cupboards with different sets of
tools in them.

Test Results:
Immediately recognized: 7
= 2/3 subjects kept on pressing their finger on the touch screen. They
were not releasing it immediately.
= Some of them did not click in the centre of the button and hence no
effect was visible.
» After practicing it 3 / 4 times everyone could do it properly.
» Subjects used words like Mandani and Kapaat for cupboard in their
local dialect.
Acceptance:
All subjects accepted the representations.
Suggestions:
There was no concrete suggestion.
Conclusion:
Overall refinement of visuals in terms of visual clarity. The shape of cupboard
should be optimized. The cupboard with tools representation is unanimously

accepted.

The ‘cupboard’ metaphor used in this case, is also a good example of
‘customizability’ heuristic discussed in Chapter 9. It will be possible to
explore different variations of the same metaphor. It will allow us to add or
reduce the number of shelves in them or reduce the sizes of cupboards. It
also has certain magical super-affordances like tabs as handles and the

slide in/out feature.
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J. Remote Usability Testing

Research paper on remote usability testing is presented from next page onwards.

The experience of remote usability testing using UniFace was presented during a
seminar on User Centred Design (UCD) organized by Indo European Usability
Systems Partnership (IESUP) and Computer Society of India at Mumbai during Oct.
2003.

A research paper on this subject was also presented during Easy 2004 conference.
The citation is given below.

Katre D (2004). Experimenting with UniFace: A tool for Usability Testing of Icons,
ACM-SIGCHI-SI National Usability Conference Easy 2004, Bangalore, India.

Dr. Aaron Marcus who is on the editorial board of ACM Interactions was present

during Easy 2004 conference at Bangalore to deliver his keynote address. He
appreciated this work and has forwarded the paper to ACM Interactions.
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UniFace: Internet based Software for
Remote Usability Testing of Icons

Dinesh S. Katre
Centre for Development of Advanced Computing (C-DAC)
Ministry of Communications and Information Technology, Government of India,
Agriculture College Campus, Near District Industries Centre,
Shivaji Nagar, Pune 411005, India.
Tel/Fax: 91+020+5533250
dinesh@cdacindia.com

ABSTRACT

The Graphical User Interface (GUI) of software usually
consists of huge number of icons. Though the intention is
to improve the usability of software, not all interface
designers are able to test and evaluate the
comprehensibility of icons. Increasing exposure to
unevaluated icons causes cognitive fatigue to users and
slows down the intuitive learning. Users from diverse
geographic locations, cultures and religions are very likely
to interpret and understand these icons differently. As
software products are designed to address universal needs,
testing and evaluation of GUI across the globe or at least,
wherever the product is likely to be used becomes
important. Creation of dedicated usability labs in various
locations for usability testing is not a viable proposition.
A software tool named ‘UniFace’ for remote usability
testing of icons is designed capitalizing on far-reaching
capability of Internet. UniFace extends the usability lab
onto the desktop of every user. It encourages stakeholder
participation in the design process and captures their
perceptions. The testing methods of UniFace produce
various reports with measurable and eloquent data for
empirical analysis. The database of icon properties and
test results can be helpful in visualizing the cognitive
models of various user groups. UniFace has the potential
to facilitate the standardization of iconic language for
GUI design. It can prove very useful for offshore software

projects.

Keywords .
GUI, Icons, Remote Usability Testing, Cognitive Model,

Measurable Data, Stakeholder Participation

FLOOD OF ICONS

The sign language of icons is becoming complex day-by-
day due to increasing number of icons introduced through
operating systems, sofiware packages and websites. Its
vocabulary is ever evolving and multiplying very rapidly.
Our observations reveal that a novice computer user needs
familiarity with minimum 40 to 50 icons on Windows
platform for basic word processing using MS Word. An
average computer professional has familiarity with at least
300 to 400 icons. When counted the number of icons on a
computer of a multimedia professional, it crossed the
thousand mark. The users get exposed to more and more
icons as they navigate through various software products.
Young computer users can take extra efforts for learning
new icons and memorize many of them but the older
people show significant decline in their ability to recall
[13]. Resultantly, the training needs have grown out of
shape, as many novice users need to learn the definitions
of icons. Organizations have to spend a lot of money since
users take paid time to get trained [28]. This proves the
fact that not all iconic interfaces are comprehensible and
usable as expected.

Need of Measuring the Usability of Icons

Most designers tend to test the comprehensibility of icons
on their teammates or on a few subjects or simply ignore
testing by documenting the definitions of icons as part of
online help. The excessive and unevaluated usage of such
icons must be causing significant cognitive stress,
irritation and prolonged learning for software users. The
testing reveals that several icons are actually misleading,
ambiguous, conflicting and unnecessary [25, 15, 11]. In
the past, there have been major research explorations for
identifying the guidelines of interface designing [7]. On
the basis of these guidelines, most interface designers
build their hypothesis of how users would interpret the
icons. But how effectively the designer has succeeded in
transferring the theoretical guidelines into design [30]
needs to be measured and evaluated based on factual data
[21].
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Constraining Factors of Usability Testing

The sign language of icons has to be universalized [19]
for precise communication especially when software
products are addressing universal applications and
utilities. Intercultural issues referring to the religious,
historical, linguistic, aesthetic, and other more humanistic
issues of particular groups or peoples, sometimes crossing
national boundaries need to be addressed for achieving
greater acceptability to the products [20]. The generality
and adaptability [2] of iconic interfaces can be achieved
through externalization of our thoughts, ideas and
concepts [8] for inviting criticism and user participation in
the design process [11]. But the prohibitive factor is the
cost of setting up usability labs for testing of iconic
interfaces in geographically distributed locations [27].
Involving usability experts and renting the facilities for
such testing makes it an unrealistic proposition. All such
impeding factors highlight the importance of “discount
usability engineering” approach [22]. In this situation, the
only option is to explore remote usability testing methods
[23].

In summary, the observations and requirements of
usability testing narrated above necessitate the
development of remote usability testing methods and a
far-reaching mechanism for encouraging participation of
users from diverse geographic locations.

Difficulties of Interface Design Students & Instructors
C-DAC’s National Multimedia Resource Centre, Pune,
India conducts training programs to teach multimedia.
The students are introduced to various interface design
issues with special emphasis on interactive multimedia
software. In an exclusive academic project, the students
are asked to design icons representing various links and
functions of software. Every year, around 84 students
produce approx. 1500 icons for varied themes of software.
Evaluation of these icons is- extremely challenging and a
mammoth task. Awarding higher grades to icons, which
are very easily understandable but not very well rendered,
often invites disagreement of students. Many times
beautifully rendered icons, yet based on ambiguous
metaphors [5] do not communicate well. The instructor
grades the projects based on his/her personal
understanding of icons. The difference of viewpoints
between the students and the instructor results into
disputes at the time of grading. This is due to

unavailability of definite testing methods and inability to
measure / quantify the usability of huge number of icons
designed by students.

The frequent disagreements with students about grading
of their iconic interfaces forced us to devise a mechanism
that could enable them in exploring third party evaluation
themselves. The outcome of this experiment is found
beneficial to not only the students but also the usability
experts.

By and large these are common problems faced by most
interface designers and usability experts. Testing methods
like open-ended written comprehension, multiple choices
have been already proposed and experimented for finding
out the plausible response to a set of symbols [10, 25, 3,
6, 31]. As documented in Wolff’s ANSI report, a large
hall with proper seating arrangement, printed booklet with
the symbols for testing and two judges were required for
conducting the tests. Major amount of time was invested
for collating the feedback of subjects. The Internet based
solution described in this paper incorporates existing as
well new methods for confirming the results.

UNIFACE: AN INTERNET BASED METHOD FOR
USABILITY TESTING & EVALUATION OF ICONS
UniFace offers very simple, clear and result oriented
Internet based usability testing methods. Eloquence of
data captured by UniFace reduces the dependency on
usability experts [16]. Following are the prominent
features / characteristics of UniFace-

*  Tests the comprehensibility / usability of icons within
the design phase.

= Allows conducting of remote usability tests in diverse
geographic locations for wider user participation in
design process.

= Captures and maintains the record of user profiles
and test results.

»  Stores the database of icons with variety of attributes.
Helps interface designers in visualizing the cognitive
models of defined user groups.

»  Produces measurable statistics and usable reports for
substantiating the decisions [21].

= Provides a simplified procedural template for
usability testing of icons that can be used by small-
scale software developers.

Table 1. Basic Modules of UniFace

Sr. No. | Names of Modules | Performed by

Activities

1 Integration Interface Designer To integrate the icons along with their properties
11 Testing Targeted Users (Subjects) To record the feedback
m Evaluation Usability Expert To observe, interpret and judge the feedback of

subjects
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Introduction to the basic modules of UniFace

UniFace is developed using web technologies and has
three modules namely, Integration, Testing and
Evaluation as shown in Table 1. Access to users and
designers is controllable project as well as module wise.

Some aspects relating to ‘Attributes of Icons’
mentioned in this paper are based on information
already reported in journals. This information is
briefly given in the paper so as to fully communicate
the testing methods and the design of UniFace.

Module I- Integration of Icons

Having designed the icons, the designer has to start with
the Integration Module of UniFace. One begins by
creating a separate project with appropriate name. A
project can include various segments / subsets of icons.
Each segment can be named appropriately as e.g. toolbar,
editor, etc. Figure 1. illustrates the overall structure of
Integration Module.

Integration of lcons
I
Create Project
Create User Types
Contextual Background
Create Segments
Contextual Background
St con Type [ erenicons |
Segment 2. .

Figure 1. Design of Integration Module

Every icon has certain inherent attributes such as
rendering style, type, form, associated proposition, title
and visual elements. The interface designer has to indicate
the attributes of an icon by selecting appropriate options
at the time of integration. UniFace maintains a record of
these attributes in the database. The definitions of the
basic attributes of icons are elaborated hereafter.

Visual Elements
Type Rendering Style
\

Static ——{ lcon

Animated

Title Associated Proposition

Figure 2. Attributes of an Icon

The designer has to indicate the pictorial quality of icons
in terms of ‘optimized’ and ‘moderate’ rendering styles
[16]. Brief explanation of these rendering styles is given
below-

Optimized Rendering

Many icons used in software packages such as MS Office
are rendered in optimized manner. The icons are pretty
small in size (16 x 16 or 32 x 32 pixels). These icons are
oversimplified and have just minimum necessary details.

Moderate Rendering

If compared with optimally rendered icons, moderately .
rendered icons are quite detailed and colorful. The icon
size is much larger (64 x 64 pixels and above).

Rendering styles have to be indicated, as the recognition
of optimized icons is at times slower than that of
moderately rendered icons. Chances of a person
recognizing the moderately rendered icon are higher.
Also, the rendering style has an implication on recall
value of an icon.

In addition, the designer has to select whether the icons
belong to object, action and concept types [29]. Following
are the definitions and critical aspects relating to each
type of icon.

Object Icons

As these icons represent real life objects they are very
easy to illustrate and recognize. The weakness of these
icons is lack of proportional details, which at times leads
to misinterpretation by user.

pand)
Eiy)

Figure 3. Object Icons

Action Icons

‘Action Icons’ are very difficult to illustrate and
understand as depiction of an action or a process involves
two or more stages. The designer often uses arrows while
depicting the element of time or before and after stages in
action icons. Action icons can be best communicated in
the form of an animation.

el & 3 o

Figure 4. Action Icons

—
R —

Concept Icons
The designer tries to build analogies by showing some
arbitrary [25] or metaphoric images while representing
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abstract features of software. Users from different cultures
are very likely to misinterpret the concept icons.

ra B POEE

Figure 5. Concept Icons

Form
Animated icons are found very effective in places where

static icons fail to deliver the message. The software
products have both forms of icons (static and animated)
used as part of the GUL

Associated Proposition and Title

Associated proposition means the intended message to be
communicated by an icon. This message is then
compressed in one or two words as the title of an icon.
Users usually remember the icon with its title if both are
resonating the same meaning,.

Visual Elements of an Icon
Visual elements used in icons such as computer, arrow,

brush, globe and chain, tick mark, etc. also have to be
mentioned as part of icon attributes in UniFace. We come
across varied permutations and combinations of these
visual elements composed for communicating different
shades of messages.

For the first time, UniFace has integrated and woven all
attributes of icons together as important parameters of
usability testing and analysis.

Define Stratified User Groups

Having integrated all icons as mentioned earlier, the
interface designer has to now define the targeted user
categories. These are broad categories of users such as
tourists, accountants, medical practitioners, teachers,
students, etc. It is expected that users representing all such
categories be tested through UniFace. If a particular

category of users is not tested then the report produced by
UniFace indicates the same.

UniFace supports creation of user accounts under every
stratified group by entering their basic information like
name, company, e-mail address, etc. Projects already
integrated in UniFace can be allotted to users for which
they comply the eligibility criteria. Unique User IDs and
passwords get e-mailed to users along with a list of
projects.

Contextual Background

The designer has to provide a small write-up about the
software product in UniFace, as recognition and
interpretation of icons is quite context dependent. In
addition, it is possible to link the screenshot of overall
interface layout showing other related icons. The subjects
can read the write-up and view the screenshot of interface
layout before starting the test.

Integration of Multiple Clues

At this stage, the designer is supposed to input total three
clues for every icon. It consists of one clue expressing the
desired proposition and the other two clues
communicating the probable and yet misleading
propositions. Having completed this preparatory work,
UniFace gets ready for performing various tests.

The batch of Sept. 2002 to March 2003 of Diploma in
Advanced Computer Arts course tested around 13 GUI
projects using UniFace at C-DAC, Pune, India. The
students accessed UniFace on Intranet and were permitted
to perform the tests on minimum 6 subjects per project
due to time constraints. Overall around 74 subjects
participated in the tests. Broad characteristics of test
results are derived based on observations recorded during
the experiments.

MODULE II- TESTING

Tnl’miﬂwm«

Text Input of Recognilion

Testing of lcons
|
Test of Free Recognition
' v
Test of Associated Propositions | 4
| X
Tast of Prefeired Associations | Feedback in Terms of

Accepted, Partly Accepted, Not Accepted

Lapse of Time

Tetottemaryrecat | (7)
: .Thsﬂnundm

Figure 6. Design of Testing Module
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Objectives of Testing
Interface designers and usability experts must be very
clear about the objectives of testing. Various tests as
indicated in Figure 6. are performed to find out whether
the icons are-

-easy to interpret and understand.

-communicating precise message.

-easy to memorize and recall.

-ambiguous and confusing.

-are slow communicators.

-needing initial introduction.

Above objectives largely determine whether the icons

pass or fail the test. One can capitalize on the feedback

captured by UniFace for meeting the following

objectives-

= Observe the trends and unique characteristics of
response received from various user groups and
improvise the icons.

=  Try to visualize the mental model of subjects on the
basis of data captured by UniFace.

s In case of favorable results, certify the icons for
integration in the software.

Precautions

The tests performed using UniFace can produce best

results if certain precautions are taken. They are as under-

= Send an e-mail communication mentioning the User
ID and URL for accessing UniFace and guidelines of
the test to various user groups. Ensure that the subject
profiles are properly matching with the groups
defined earlier.

s Inform the subjects that the intention is not to
examine their abilities but to get their feedback for
improvising the GUL

= The subjects must go through the test alone and not in

a group. They should refrain from showing the testing

process to others. If their colleagues or friends are

interested in participating in the testing process then
they must do it individually.

The subject should be requested to fill their profiles

sincerely and completely.

While performing the test they should avoid other

interruptions and complete the test without spending

time anywhere else.

Create Subject Profile . .
It is mandatory for the subject to enter his profile details

in the beginning of the testing module. Figure 7. shows
the template for entering the subject profiles. It requires
information on items such as Name, Age, Gender,
Computer Awareness, Academic, Economic, Cultural /
Ethnic background, Geographic Location and User
Group. This information gets stored in the database of

UniFace.

After completely filling the required profile details, the
Subject is then allowed to begin with the first ‘Test of
Free Recognition’.

Age: 5
i
I

Gesder MIF:

Qﬁm Awrarmess:

et et epd el

WWI

Figure 7. Template for Preparing Subject Profile

Test of Free Recognition (TFR)

In this particular test, only one icon is displayed on
computer screen at a time without mentioning its title or
associated proposition or clues as shown in Figure 8. The
subject can wait until he has understood the icon and then
type his response in the input area. In case of failing to
recognize the icon, the subject can mention the same and
move on to next icon. UniFace calculates and records the
time taken for recognition starting from the display of
icon up to clicking on ‘next icon’ link in the input area.
The subject can refer the contextual information if
needed.

Test of Fres Recogaitiom (TFR)
Project: Towrion Webain Sgment: Guile
| Select Project: : Teurisn Website j

This is a ml:lnd_ = ia CD VROHV Vqlviw ‘
| Centextual information on Indian Tourism and
| Background Iserves as a guide to tourists.
E Show Screen Layout
r L < e
1 t of india map, directions =
| Recogmtion

Figure 8. Test of Free Recognition (TFR)
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The TFR generates feedback about whether the visual
elements rendered in the icon are recognizable and the
visual semantics is conveying the associated proposition.
The interface designer immediately comes to know
whether the keywords are closer to the intended message
of the icon or else. If the icons are designed with semiotic
qualities then the rate of recognition is higher and faster as
the test progresses. If the first icon is understood then the
forthcoming icons are also grasped quickly but
inconsistent and conflicting representations cause
confusion [29].

The response generated by TFR can be characterized as

under-

= The record of time indicates that ambiguous icons

require longer time for recognition.

= The subject-
- fails to understand an icon even after taking
long time.
- ends up describing the visual elements depicted
in an icon but fails to capture the associated
proposition.
- associates an icon with some other function of
software or misinterprets.
- correctly associates an icon with the desired
function or utility of software in short time.

Ambiguous icons indicate a common trend of long time
taken for recognition. Subjects attempt blind guesses as
well. The recognition input apparently includes a lot of
irrelevant information but it is very useful. Subjects are
often emotional and very elaborate in their response. You
come to know about their vocabulary, proficiency of
language and conversance with computer keyboard.
Novice computer users make a lot of typographic errors.

The Test of Associated Propositions (TAP) becomes
active as soon as the subject is through with TFR.

Test of Associated Propositions (TAP)

TAP displays every icon along with three clues, which are
entered by the interface designer during the Integration
Module of UniFace. The scope of interpretation is

reduced to three plausible choices.

Icons help us in building a mental association betwm?n .the
visual and the feature of software. If the association
between an icon and the desired proposition is not
meaningful then the user is often misled. TAP captures
the probability of an icon misleading the subject.

The response generated by TAP can be characterized as
under-

= Many times, the icon, which has failed during TFR
but is within the proximity of its message, gets
recognized during TAP.

= TAP is useful in identifying icons that need initial
introduction. If an icon and its associated proposition
have semantic connection then after initial
introduction, the users are able to understand it
effortlessly.

=  Some icons failed during TFR continue to evoke
Wrong responses.

= The icons that were properly recognized in the TFR
are confirmed during TAP.

The user response reveals impreciseness of an icon e.g.
Figure 9. shows that an icon of ‘binocular’ is designed to
represent ‘site-seeing’ for a website on tourism. Many
subjects selected ‘binocular’ as its correct recognition.
This reveals that the element of ‘site-seeing’ is missing in
the icon. Here, the icon has succeeded in communicating
the referent but failed to communicate the proposition
associated with the referent [15].

Test of Associated Propositions (TAP)
Project: Touriom Website Sgmeat Gulle
Select Project || Tourism Website =

- e - —
‘Thia 13 o multimedia CD ROH giving information on ;l
I
|
{
i

Indian Tourism and serves as a guide to tourists.

[ Comnus ]

Figure 9. Test of Associated Propositions (TAP)

One may do away with such imprecise icon but what
would happen if the standard ‘find’ feature is required in
the website? As the typical ‘find’ feature is already
represented by ‘binocular’ icon only. You come across
many such loosely designed icons in software.

Test of Preferred Associations (TPA)

During this test, an icon along with its associated
proposition is displayed on screen. The Subject is
requested to give his verdict in terms of whether an icon is
accepted, not accepted or partly accepted. The usability
expert can corroborate the verdict with the actual response
captured during TFR and TAP. TPA produces
quantifiable data.
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The response generated by TPA can be characterized as

under-

s Icons that have failed during TFR and passed during
TAP are unanimously accepted.

s« Icons that have failed during TFR and TAP
unanimously rejected. The subjects very often advise
the possible alternatives.

= Subjects suggest improvements / modifications while
partly accepting the icon.

Test of Preferred Associations (TPA)
Project: Tourism Websile

(Select the Project
| IName :

T 5

Associated
Proposition

Partly Accepted: ©
|Not Accepted ©

Figure 10. Test of Preferred Associations (TPA)

Test of Memory Recall (TMR)

This test is performed after certain lapse of time to find
out whether the subjects are able to recall the icons along
with their titles. The lapse duration can be based on
frequency of software usage. TMR proves that meaningful
association between visual and the title is recalled

effortlessly.

So far, in all the tests (TFR, TAP, TPA) only one icon
was displayed at a time. TMR displays maximum five
icons simultaneously as the cognitive limit of an average
person allows tracking of maximum seven items (plus‘ or
minus two) [1, 21]. On initiating the test, the identification
titles of icons begin to appear on the screen one after
another. The subject is expected to click the matching
icon within stipulated duration before the next title
appears on screen. Having matched all the icons, the
subject can go for next lot of icons.

The subject is not given unlimited time for searching or
remembering the icon. The usability expert can decide the
display duration for every title on the basis of usability

goals of GUI design. If the display duration is 5 seconds
then the titles randomly change after every 5 seconds.

Test of Memory Recall (TMR)
Project: Duyaneshwari CD R OM
Segment Name W
StartTestNow |

Possible Icon Tiles
| Bookmark
e s s
==L
| 9 ] W] (=
Click ToStoreResults | Show Results |

Figure 11. Test of Memory Recall (TMR)

The response generated by TMR can be characterized as

under-

= The subject fails to associate the proposition with an
ambiguous icon.

* The subject is confused with resembling icons and
hence clicks on a wrong icon or fails to make a
decision within stipulated time. During the testing of
a tourism website, the subjects got confused between
the icons of ‘water sports’ and ‘beaches’. This reveals
another aspect of impreciseness of an iconic
expression.

= QObvious icons are correctly matched with their titles.

TMR can be very useful for testing the recalling ability of

older people.

MODULE lll- EVALUATION
Module- |

Evaluation

Figure 12. Design of Evaluation Module
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Figure 15. Final Evaluation Report

The cycle of evaluation uncovers certain functions or
features that are very difficult to represent in the iconic
form. Redesigning and exploration of various visual
metaphors do not produce positive results, as not all
messages can be communicated effectively using
representations [24]. In such cases, the Usability experts
may decide not to use any iconic representations and
instead use a simple button or a link with its title. This
approach can be useful in reducing the pollution of
incomprehensible and unnecessary use of icons.

The testing process of UniFace reveals the items that
should not be shown as icons or the risk associated with
it.

Iconographic imagery helps define a larger concept, [4]
the symmetry between ‘conceptual model’ of software

and ‘interface metaphor’. Indirectly. UniFace also
collects feedback about the underpinning interface
metaphor manifested through icons. If majority of the
icons successfully pass through all the tests then the
comprehensibility of overall metaphor is also very high.

UniFace is introduced as part of the training programs
conducted at C-DAC’s National Multimedia Resource
Center. The students are able to integrate their interface
design projects and test them using Uniface on their
own. The feedback gathered from the subjects is now
agreeable to students without any difference of opinion.
The grading of interface design projects is based on
empirical analysis. Thus, UniFace can completely
eliminate the aspect of ‘gut feeling’ involved in icon
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designing. One can ensure that icons are really
comprehensible enough to the targeted users.

DATABASE OF ICON ATTRIBUTES

Responses captured during TFR and suggestions given in
TPA reports can be corroborated with subject profiles
for figuring out the mental model of a user group. Of
course inputs received during the test may not be
adequate for defining the mental model. Usability expert
will have to pick up the threads from test results and
investigate the subject further.

Table 2. shows how the attributes of icons are stored in
the database of UniFace. The database is helpful in
evolving a lexicon of icons and avoiding overlapping
usage of visual elements. There is an icon of Bookmark
in Table 2. that shows an open book with a peacock
feather as bookmark. This icon is designed for a
multimedia CD on Bhagavadgita (Hindu religious
book). Bhagavadgita was first recited by Lord Krishna
(Hindu God). As per Indian mythology, Lord Krishna
always has a peacock feather in his crown and therefore
we chose to show peacock feather as a bookmark for
Bhagavadgita CD ROM. This connotation of the icon is
specific to Indian culture. This icon need introduction in
other regions that India. Thus UniFace can capture the
problems pertaining to cultural interpretations of icons
through its testing process.

Text based search can be performed for identifying the
icons that include similar visual elements. Repository of
test results and database of icons can be used to find out
the following-

= What types of messages are already communicated
using similar visual elements?

= Whether the use of proposed visual elements is
overlapping with other icons or is it unique enough?

= Do we already have some icon test results of
subjects with required profile? This can be a useful
input to another project.

= Have those visual elements (icons) positively
cleared the tests?

= How recently the tests were performed?

= If subject profiles are suitable then what type of
depiction of proposed visual elements they are
already familiar with?

The data stored by Uniface can be used for prejudging
the icons and guiding the efforts of user interface
designing in right direction. Variety of testing methods,
database of icons with attributes, collection of test
results, and accessibility through Internet shows the
potential of UniFace to facilitate the standardization of
iconic language.

CONTINGENCIES AND REMEDIAL OPTIONS

With UniFace, it is not possible to monitor the
respondents, as they operate from remote locations. In an
uncontrollable testing mode, there are chances of a few
subjects not performing the tests sincerely. Failing to
understand the procedure is also likely if the subjects
ignore the guidelines and precautions. But we don’t
escape these occupational hazards even while testing in a
usability lab. For countering such problems, the usability
expert can maintain a good dialogue with the subjects
through e-mail communication.

Table 2. Properties of icons stored by UniFace
Icon Title Associated Type Rendering | Form | Visual Elements
| Proposition Style
I? Annotate Attach annotated Object Optimized | Static Paper, Pen
= comments
Status Indicate status in terms | Concept | Optimized | Static Dial, Needles
= of chapter, pages,
verses

1}2 Date and Time Inform the date and Concept | Moderate Static Calendar, Clock,

S time Dial, Needles

Dﬂ First Page Jump to first page Object Optimized Static Open Book, First
— Page, Cover

@ Help Open help documents Concept | Moderate Static Closed Book,

Question Mark

MS Word Help Provide necessary help | Concept | Optimized | Static Balloon, Question
= Mark

ﬂ Settings and Help Provide necessary help | Concept | Optimized | Static | Question Mark
Pt and controls for settings

—m Bookmark Go to bookmark Object Optimized Static Open Book, Peacock

— Feather
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Being the stakeholders of proposed software product, the
subjects should be convinced about importance of testing
and their feedback for positively influencing the design
process.

Adequate testing experience of UniFace can help the
interface designers / usability experts in judging the
sincerity of a subject. In case of doubt, one may just
entirely disqualify the feedback. Correspondingly, it
necessitates that sufficient number of subjects (minimum
20/25 subjects per user group) must be tested.

Even though UniFace is far reaching, it is still confined to
the parts of world where Internet has spread and sufficient
bandwidth is available. Network of cyber-cafes and
regional distributors of software products could be
involved where the users are unable to access Internet.
Involving true stakeholders in the testing process can
produce better quality of feedback [9].

At present, only English is supported as part of UniFace.
Support of regional languages may be required for
achieving better communication with subjects from
diverse regions.

CONCLUSIONS

UniFace has retained the positive aspects of conventional

usability testing methods for evaluation of icons and

overcome the constrains such as-

1. Dedicated usability labs are not required. It expands
the scope of testing without escalating the cost.

2. It records the time taken by every individual user for
TFR.

3. Automates the random shuffling between the titles
and icons for TMR.

4. It captures and collates the test results in the form of
reports and presents statistical data for analysis.

5. Crosses the geographical boundaries through Internet
and allows wider user participation. This can help in
revealing the cross-cultural aspects connected with
the interpretation of icons.

In addition, UniFace provides a reliable testing

framework for improving the quality and precision of

communication through fcons. It offers following
advantages. )

6. Usability expert can take decisions substantiated by
enough evidence and measurable data captured by
UniFace. The reports generated by UniFace clearly
indicate which icons have passed or failed the tests
and suggestions for improvement.

7. Software companies can invite participation from
various user groups / stakeholders through UniFace
while designing the GUI.

8. Testing through UniFace can be extremely helpful in
ensuring that the GUI becomes a true cognitive

mediator [18)]. Cognitive stress on users and learning
time can definitely be reduced to a certain extent.
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K. Viability of the Process

The proposed process for visualization of interface metaphor is used as part of
following two live projects. It required approximately 15 to 16% and 8 to 9% of
resources respectively depending upon the size of project and rendering style of

interface metaphors.

Table K1. Resource Allocation (A)

Project: 3D Game for Watershed

Total Effort: 120 Man months

Common Knowledge Dimension: Day-to-day and Professional

Class of metaphors used: Diverse

Rendering Style: Realistic

Activities Roles No. Persons Man months
Interface Play Script (IPS) Interface Designers | 2 15
Identification, Classification, Interface Designer 1 20
Categorization, Assessment, Selection
Tuning Interface Designer 1 20
Analysis of Candidate Interface Metaphors :
Quantitative Evaluation Interface Designer 1
Heuristic Evaluation Interface Designer 1 1.0
Multimedia Rendering Interface Designers | 2 8.0
Usability Tests Usability Expert 2 1.0

Interface Designer
Modifications as per Test Results Interface Designers | 2 20
Acceptance Usability Tests Usability Expert 1 1.0
Creation of UDL and ADL Interface Designers | 2 Continuous
Total Effort for Visualization of Interface Metaphor 18.5 Man months

Approx. 15 to 16 % resources are utilized for implementing the visualization process of interface metaphor.

Table K1. Resource Allocation (B)

Project: JATAN Virtual Museum Builder

Total Effort: 30 Man months

Common Knowledge Dimension: Professional

Class of metaphors used: Coherent

Rendering Style: Optimized rendering with

reater emphasis on integration at conceptual level

Approx.8to9 %

Activities Roles No. Persons Man months
Interface Play Script (IPS) Interface Designer 1 15 Man days
Identification, Classification, Interface Designer 1 15 Man days
Categorization, Assessment, Selection
Tuning Interface Designer 1 15 Man days
Analysis of Candidate Interface Metaphors
Quantitative Evaluation Interface Designer 1 10 Man days
Heuristic Evaluation Interface Designer 1 2 Man days
Multimedia Rendering Interface Designer 1 10 Man days
Usability Tests Usability Expert 2 3 Man days
Interface Designer
Modifications as per Test Results Interface Designer 1 5 Man days
Acceptance Usability Test Usability Expert 1 3 Man days
Creation of UDL and ADL Interface Designer 1 Continuous
Total Effort for Visualization of Interface Metaphor 2.6 Man months

resources are utilized for implementing the visualization process of interface metaphor.
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L. Background Information

The author of this dissertation has carried out all the experiments and case
studies as part of live projects, as per the instruction of his Ph.D.
Supervisor, Dr. Mukul K. Sinha. This was necessary for ensuring the practicability
of the process. The background information of these projects is provided in this
section for the readers.

L1. Inscript Typing Tutor

Inscript Typing Tutor is designed for school children and professionals. It introduces
the InScript Keyboard (specially designed for typing of Indian scripts) and use of
appropriate fingers for typing the characters. It provides a separate module for
introducing the basic letterforms (through animations indicating how to draw the
letterforms). It includes interactive games for improving the typing skills of learners.
Lessons for learning to type using Indian scripts and testing mechanisms for
evaluating the performance are supported.

L2. JATAN: Virtual Museum Builder

It is a digital library solution for museums named JATAN: Virtual Museum Builder. It
includes Integration, Management, Presentation, Administration and Subscription
modules to help the data entry operators and curators in processing the records
pertaining to museum collections. JATAN is designed to address specific
requirements pertaining to digitization, data entry, data verification, approval, rights
management, web publishing, access control etc. It can integrate museum artifacts
as well as manuscripts.
L3. Multimedia Rendering of Dnyaneshwari

Dnyaneshwari is considered as one of the most profound commentaries on
Bhagvadgita (A Hindu religious book). Saint Dnyaneshwar wrote it around 700 years
ago. Multimedia rendering of Dnyaneshwari is produced in the form of two CD Titles.
The CDs include translation and musical recitation with accurate pronunciations of
Marathi and Sanskrit verses by Sri Sakhare Maharaj. The text is displayed in
specially designed fonts. The user is able to read the text and listen to the recitation
of verses for every page of Dnyaneshwari. Using multimedia over 40 metaphoric
verses are visualized and rendered from the first chapter of Dnyaneshwari. All the

contents are presented with a very attractive User Interface.
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L4. QuickMM Album Authoring Tool

QuickMM Album Authoring Tool provides a pre-authored template, designed to suit
specific topics and applications presented in multimedia. The basic authoring
template structure is used for integrating multimedia contents and incorporates
predefined locations and fields for integrating images, text, audio and video clips.
QuickMM Album Authoring software enables semi-skilled professionals multimedia
applications. Presently, it focuses on production of multimedia albums.

L5. Kumar Vishwa Kosha CD Title

It is basically a multimedia encyclopedia in Marathi (Local Language of Maharashtra
State) designed for students in the age group of 10 -16 years.

L6. 3D Game for Watershed

3D Game is being developed for teaching watershed management techniques to
villagers. In this game, we propose to simulate 3D terrain walkthrough of the village
selected for watershed. The volunteers from this village play the proposed game.
They can learn and apply the watershed treatments on the simulation of the terrain
and see the results. This project is referred as ‘3D Game for Watershed’ in the thesis.
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New Terms

The newly conceived terms and their definitions are enlisted chapter wise.

Chapter 2.
1. Reference domain

Reference domain is the other entity with which the software is being
compared. .

2. Application domain

Application domain is the software for which the user interface is being

designed.
Chapter 3.

3. Unmanifested Metaphor State
In the beginning of software project, many times, user interface designer is
clueless about which metaphor will be suitable. The list of software
requirements is not indicative enough. (S)he is stuck up thinking about how
to identify the metaphor. This state of metaphor is called as ‘unmanifested
metaphor state’.

4. Manifested Metaphor State

In some cases, the candidate metaphor immediately clicks to the user
interface designer. At times, (s)he foresees the probable metaphor even
before starting to elicit software requirements. In some occasions, the
customer explicitly suggests the desired interface metaphor. This state is

called as ‘manifested metaphor state’.

Commentary of Task Performance (CTP)

It is a narrative documentation of tasks performed by the users. It includes
details of situations, options, goals, actions, decisions, activity and the
outcome. It mentions all non-trivial and trivial objects used for completing the
task and tﬁe purpose for which they were used. The sensory cues in terms of
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6.

7.

visual, verbal and auditory indications referred for predicting the status of the
task are documented as part of CTP.

Interface Play Script (IPS)
It is to visualize and document how the user would perform the conventional
task using the proposed software.

Coherent Interface Metaphors
Interface metaphors having some interrelation or any other common aspect
are called coherent interface metaphors.

Diverse Interface Metaphors
Interface metaphors not having any interrelation or commonality are called
diverse interface metaphors.

Inanimate Metaphor

This type of candidate interface metaphor represents the inanimate entity
(objects) from the users’ work environment. Such inanimate entities are
called as inanimate metaphors.

10.Animate Metaphor

This type of candidate interface metaphor represents the animate entity
(humans) from the users’ work environment. Such animate entities are called

as animate metaphors.

11.Domain Conceptual Structure

A domain is basically a large sphere of activities, which provides a very

complex and rich conceptual structure.

12.Conglomerate Conceptual Structure

It is a conceptual structure of such interface metaphor that integrates several

environments or groups of conceptual structures together.
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13.Multitudinous Conceptual Structure

The user interface designer can select an environment that includes multiple
entities (animate and inanimate), e.g., Desktop, Library, Gallery, Office
Cabin, Classroom, Doctor’s Clinic, Studio, etc. Such metaphoric environments
provide multitudinous conceptual structures.

14.Singleton Conceptual Structure

Both animate and inanimate metaphors have singleton conceptual structures.
It is a single hierarchy of concepts.

15.Flat Concept

The concept at the terminus of a branch within the conceptual structure is
called as flat concept.

Chapter 4.
16.Tuning of Interface Metaphor

Adjusting the aspects of interface metaphor to satisfy the usability objectives
and usability requirements of the software.

17.Conceptual Resonance
Re-echoing of concepts due to similarity between the source and the target in
a metaphoric application.

Chapter 5.
18.Unmapped Concepts (UCs)
Concepts not corresponding with the listed software requirements are called

unmapped concepts.

19.Unmappeél Requirements (URs)
Software requirements not mapping with the interface metaphor are called
unmapped requirements.

20.Dissection Termination (DT)

The point where the user interface designer stops dissecting the interface

metaphor.
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21.Terminus Concept

Endpoint of a branch within the conceptual structure is called as the terminus

concept.

22.Core Metaphor
The metaphor that focuses on main objectives of software while using diverse
metaphors is called as core metaphor.

23.Supporting Metaphors
Usually, in case of diverse metaphors, the core metaphor is inadequate to
represent all software requirements. In order to map the URs, user interface
designer takes help of other metaphors. These are called as supporting

metaphors.

24.Cooperative Integration
If the diverse interface metaphors are designed with a core interface
metaphor at the center and supporting interface metaphors around it then
this can be called as a cooperative integration.

25.Incoherent Integration
If the diverse interface metaphors are integrated without any logical
connection or the design of core and supporting interface metaphors then it

can be called as incoherent integration.

26.Conceptual Proximity
Conceptual proximity means, conceptual closeness between the core and

supporting metaphors.

27.Conceptual Alignment
Highlighting certain aspects of the supporting metaphor while representing
the unmapped requirements and maintaining conceptual relation with the

core metaphor.

Chapter 6.
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28.Conceptual Bandwidth
The total number of concepts emerged out of the dissection of interface

metaphor are called as its conceptual bandwidth.

29.Usable Conceptual Bandwidth
The total number of Cross-Domain Mappings (CDMs) formed during the

dissection activity defines the usable conceptual bandwidth of interface
metaphor.

30.Conceptual Bandwidth
The total number of concepts emerged out of the dissection of interface
metaphor are called as its conceptual bandwidth.

31.Usable Conceptual Bandwidth
The number of mapped concepts out of the total conceptual bandwidth of

interface metaphor.

32.Coverage of Interface Metaphor
This is the percentage of software requirements mapped with the interface
metaphor.

Chapter 7.
33.User Domain Lexicon (UDL)
The collection of vocabulary associated with the interface metaphor and the

tasks performed by the users.

34.Application Domain Lexicon (ADL)
The collection of vocabulary used as part of user interface by the software

developer.

Chapter 10.
35.Diffusion of Interface Metaphor
The diffusion of interface metaphor describes the act of spreading the

concepts within the interface metaphor over the software.
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CS! along with the HCI researchers from UK and Sweden at Mumbai in 2003. His vision article for ‘GUI of
the Future Contest' announced by PC Quest in August 2003 won the first prize.

Mr. Katre has been invited by several institutes of national and intemational repute to share his rich
experience in these areas namely Industrial Design Centre, Indian Institute of Technology (IIT), Mumbai;
Dept. of Education Technology, SNDT Women's University, Mumbai; Film and Television Institute of India
(FTII), Pune; Department of Studio Art, University of California, USA, Universtity of Abertay, Scotland, UK.

Mr. Katre has also designed several education programs that deal with digital art and multimedia. Among
these Diploma in Advanced Computer Arts is the most popular one. This program is about to start in Kofi-
Annan Centre for Excellence in Information and Communication Technology, Aacra, Ghana, West Africa.
He is also a member of Advisory Council of Creative-l College, Pune, which offers degree programs in
digital arts and multimedia. He has been the external guide for B.Des. students from Department of Design,
Indian Institute of Technology, Guwahati for their degree projects.

Mr. Katre has produced two computer-animation films as a student in 1992 (one of them was shown in
Kioto, JAPAN) and full-length computer-animated films entitled ‘Voyages of Advance Computlng' (1994),
The GIST Saga (1996) and ‘Making of PARAM Padma’ (2003). These films are also shown in several
national and international supercomputing exhibitions.
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Publications

Publications of Mr. Dinesh S. Katre

Research Papers published in International and National Conferences:

1.

2.

w

4,

6.

o]

o

Katre D (1999). Multimedia Rendering of Spiritual Texts, Proceedings of
International Conference Virtual Systems and Multimedia (VSMM 1999),
University of Abertay, Dandee, Scotland, UK., pp. 500-507.

Katre D (2001). Template based Authoring for Cost Effective Multimedia
Production, IEEE Multimedia Technology and Applications International
Conference Proceedings, University of California, Irvine, USA, Nov. 2001, pp.
133-142.

Katre D (2002). Unconventional Inspirations for Creating Software Interface
Metaphors, in Proceedings of International Conference on Media and Design
(Mumbai, India, Sept. 2002), Volume I, 1-15,

Katre D (2002). Systematic Modeling of Stories and Role Development of
Storyteller for Interactive Multimedia, Proceedings of International Conference on
Storytelling in the Digitalage organized by Media Lab and National Institute of
Design, Ahmedabad, India.

. Katre D (2004). Experimenting with UniFace: A tool for Usability Testing of Icons,

ACM-SIGCHI-SI National Usability Conference Easy 2004, Bangalore, India.

Katre D (2004). Pragmatic and Usable Approach for Digital Library Initiatives in
India, Proceedings of International Conference on Digital Libraries (ICDL), New
Delhi, India, Volume I, pp. 41-48.

Katre D, Puntamkar S, Gajbhiye J (2004). Design and Development of JATAN:
Virtual Museum Builder, In Proceedings of NACLIN 2004, India, pp. 247-257.

. Katre D (2004). Using Mnemonic Techniques as part of Pictorial Interface for Self

Identification of Illiterate Villagers, In Proceedings of International Conference on
Human Computer Interaction (I-HCI 2004) organized by IESUP and CSI,
Bangalore, India.

Katre D (2005). Juxtaposing Commentary of Task Performance (CTP) and
Interface Play Script (IPS) for Discovering Interface Metaphors, In Proceedings of
International €onference on Information Management (ICIM), Mumbai, India,
Volume II, pp. 809-818.

Articles:

10.Katre D (2000), Application of Multimedia Kiosk for Uniform Course Counseling

Across Franchisee Network, C-DAC Connect, Oct.-Dec. 2000.

11.Katre D (2003). My Interface Representation of Requisite System (MIRORS),

From Mono-GUI to Multi-GUI, A prize winning article submitted for the GUI of the
Future Contest' of PC Quest in August 2003.
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Publications

12.Katre D (2004). Chasing the Cognitive Roots of Our Rectangular Mindset, The
Idea #7, CD Gazette of Electronic Arts, 2003-2004.

Important Invited Lectures

13.3D Terrain Navigation: HCI Issues Faced By Illiterate Villagers (2005), Workshop
on User Centric Design, TechFest 2005, Indian Institute of Technology, Mumbai.

14. Experiments With Remote Usability Testing (2004), Seminar on User Centric

Design organized by Indo European Systems Usability Partnership (IESUP) and
CSI, Mumbai.

Other Relevant Activities

15. Mr. Dinesh S. Katre was a member of International Program Committee for India-
Human Computer Interaction (IHCI) 2003 conference organized by Indo
European Systems Usability Partnership (IESUP) and Computer Society of India
(CsI).

16. He has also been one of the reviewers for ADCOMP 2004 conference.
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5 Latest Development:

5‘% Prof. Janni Neilson, HCI Research Group, Informatics Dept. Copenhagen Business

%ﬁ School, Denmark has invited and sponsored the visit of Mr. Dinesh S. Katre for Euro

ii India ICT Research Workshop during May 23-24, 2005 to contribute his knowledge
! g and competencies in Human Computer Interaction (HCI) to evolve the project

% framework for future research.
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