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Abstract

The prime inspiration of this research is to formulate a framework for emotional disconnect
identification and creativity enhancement during the product form ideation phase of the design
process. The effort has been experimented and successfully demonstrated with a case of form
ideation of Bluetooth Speakers.

Today consumers expect more from a product than mere fulfillment of the intended function for
which the product is designed. Modern-day consumers demand products that match and satisfy
their preferences. Contemporary trends in design show consumer inclination towards objects
which motivate them, improve their quality of life and spark emotions. Consequently, along with
the functionality requirements, a product needs to serve consumers’ emotional needs, and for
that, the product must relate with them at their emotional level. The product’s visual appearance
is responsible for engendering first impressions and initiating a connection at the emotional level
before product purchase. Previous research suggests that the emotional element of design could
be more crucial in deciding the success of the product than the functional aspect as it affects
consumer’s decision-making in choosing a product. Therefore, design directed by emotional
content is gaining more and more importance in current design practices, research, and education.
Thus, designers must possess the necessary knowledge and skills to deal with this design paradigm
of product emotions, analyzing the relationship between emotion, consumer behavior, and product
design. Moreover, designers should know whether their intended emotions are conveyed to the
consumers. These issues were addressed in the current research with a systematic approach in a

phase-wise manner.

In the first phase, an integrative review of the available literature was carried out. The four
major categories that emerged through the analysis of the literature were 1. The Terminology
used in Emotion Research, 2. Consumer Emotions and their relation with the other factors such
as fundamental product design elements, product judgment criteria, consumer behavior, and
environmental factors in the ‘before product purchase’ scenario, 3. Theories of Product Emotion,
and 4. Assessment of Emotion. A multi-faceted evaluation of articles of the first two categories
resulted in proposing a new theoretical framework investigating consumer emotional response
before product purchase context. The review of articles associated with the fourth category
resulted in proposing a taxonomy of the emotion assessment methods and developing criteria for
comparing these methods for choosing a suitable one for the product design research context.

In the second phase, a part of the conceptual framework proposed in the previous phase was
analysed further. This analysis revealed that no method/tool/framework existed in the current

literature that can assist the designer in determining if the designer’s intended product emotions
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and the consumers’ emotional response overlap. A newly developed framework for ‘Research
Opportunity Identification’ was found to be handy in organizing our thoughts and setting our

initial research intent in this phase.

The third phase was associated with building ‘Shaping Emotions Framework’ to assist designers
in emotive form generation and facilitate comprehending consumer emotional response on the
generated forms. A set of experiments were also planned at the end of the third phase to validate

the proposed framework.

The fourth and final phase of the study was validation of the proposed framework by means of
statistical methods. It is expected that design practitioners, cognitive scientists, and ergonomists
would find the outcomes of the thesis helpful while designing products that elicit desired emotional
responses. Moreover, the ‘Conceptual Framework for Factors Affecting Consumer Emotional
Response before Product Purchase’ presented in the current research is an effective means for
suggesting promising future research directions to conduct studies based on specific parts and
contributing factors of the framework, which are unexplored previously, and investigate their role

in influencing consumer emotions.
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Chapter 1. Understanding Emotions and their Role in the Design of Products

1.1 Introduction

Many researchers have stressed the importance of emotional design because, first, emotionally
neutral products do not exist. Any design elicits emotions from consumers, whether a designer
intends it or not (Gaver, 1999). Thus, to avoid any undesirable or unanticipated emotional ‘side-
effects’ of design decisions, it is necessary to have a prior understanding of the effects of design
on consumer emotions (Desmet & Hekkert, 2009). The second reason is, companies often focus
on technology-driven products. However, as the market enters into the maturation phase, the
technology penetration becomes high, and technically similar products co-exist (Gonzalez et al.,
2017). In such circumstances, technology starts losing its potential to become a differentiator,
and companies can no more rely only on technology for competitive advantage. At this point,
emotional design can be applied as a useful differentiation strategy that utilizes knowledge of
consumer emotional response to impart a delightful experience. Consumer researchers also
have established that emotions elicited by products add to the pleasure of purchasing, using, and
owing them (Hirschman & Holbrook, 1982). Creusen (1998) and Norman (2004) even argued
that the emotional aspect of the design is more crucial than the functional one in deciding the
market success of a product. Designers, therefore, need to transcend the traditional approach of
conceptualizing and optimizing based on function, ergonomics, manufacturing, cost and be more

sensitive to what emotions product design evokes from consumers.

Designers devote a substantial period to conceive and develop their design. In comparison, they
have an extremely short window of opportunity to convey their design intention to the consumers
through their product. The factors like the visual design of the product, often the first point of
consumer-product interaction, are utilized to elicit desired emotion (Bloch, 1995). Gorp & Adams
(2012) also highlight the importance of evoking emotions to capture consumers’ attention in such
situations. The emotions elicited by a product during the first interaction also affect the judgment
of other attributes of the product (Jennings, 2000). Therefore, it becomes essential to study the
factors which impact consumer emotional response in the ‘Before Product Purchase’ scenario. In
this regard, first, it is crucial to understand what emotions are and what their associations to the

design are.

1.2  Literature Review on the Product Design and Consumer Emotions

In this study we conducted an integrative literature review, defined as one in which the published
research studies are critically analyzed and synthesized into a significant contribution to new

knowledge about the theme under study. The new knowledge generated by weaving together
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ideas from literature can take different forms such as alternative theory or conceptual frameworks,
classification of constructs, reshaping ideas and meanings (Torraco, 2016). The development of
an integrative review includes six steps: the selection of research questions, defining the criteria
for literature screening, defining categories or themes that emerged from the existing research
articles, analysis, and synthesis, logical and conceptual reasoning, implications for future research
(Bezerra et al., 2012).

The initial set of questions that this literature review sought to answer were:
» What are the fundamental terminologies in emotion research?

» Which are the factors affecting consumer emotional response in the ‘before product

purchase’ scenario?

A systematic search was conducted using online databases: Google Scholar, Scopus, and Web of
Sciences. The keywords used for this purpose were “emotional design”, “emotion assessment”,
“consumer emotions”, and ‘“‘emotional response” with limitations to studies conducted in
design, consumer research, management, marketing, psychology, cognitive science, philosophy,
and technology. The inclusion criteria were: (a) Works written in English language only in the
timeframe of January 2000 to August 2020, (b) the presence of the search term in keywords or
title, (c) full-text availability, (d) original and relevant articles in the product design and emotion
domain. Furthermore, additional papers from reference lists of the articles reviewed were also
identified. The initial search resulted in the identification of 715 articles. After the application of
inclusion and exclusion criteria, 133 articles remained for our review. Through the assessment of
selected articles, four main categories emerged, which are represented in Figure 1.1 The critical

analysis of identified literature was conducted phase-wise based on the first two categories.
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Figure. 1.1:  Process and Method of Literature Review

The concept map shown in Figure 1.2 is the visual representation of the categories and sub-
categories of the current research topic, created to enhance the understanding and explain the

structure of the literature review.
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Design and Emotion
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«  Technology as Experience Framework
*  Product Personality Assignment

Figure. 1.2:  Concept Map of the Critical Analysis

1.3 Analysis of Literature

This section presents the analysis of Category 1 and Category 2 of the concept map. The remaining

categories are presented in Chapter 2.

1.3.1 Terms used in Emotion Research

The literature discussing emotion often includes terms like ‘affects’, ‘emotions’, ‘feelings’, and
‘moods’. All the terms express various dimensions of emotional experience, and hence it becomes
necessary to define each of them. The perspective of other researchers needs to be outlined to
understand these terms.

Emotions are considered the mechanisms that trigger when circumstances are favorable or adverse
to one’s concern (Hekkert & Desmet, 2002). Emotions are directed at something, and they are
generated by actions taking place exterior to the body or thoughts, internal depiction of memories
and experiences (Gorp & Adams, 2012). Desmet (2003a) argues that everything humans do has a
subconscious shade of emotion. Furthermore, Desmet (2003a) advances the argument stating that
emotions have an expressive or physiological component and a subjective experience component.

The physiological reactions are emotional responses that create biochemical reactions changing
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the physical condition of the body without conscious efforts or reflection (Carlson, 1997). As
emotions cause physiological reactions such as eye movement, blood flow, facial expressions,
body posture, respiration rate, these physiological manifestations can be objectively measured
(Hampton, 2015), and emotion associated with a particular physical response can be detected
(Desmet, 2003b). Hayes-Roth, et al. (1998) and Arnold (1960), in their articles, use the terms

‘affect’ and ‘emotion’ interchangeably.

Emotions and feelings are like two faces of the same coin, inseparable yet different. According to
Antonio Damasio (1999), professor of neuroscience at the University of California, feelings are
the conscious perception of an emotional state. In other words, emotions are the state due to the
reaction to the stimuli, and feelings arise when the brain interprets or assigns meanings to these
emotions. Feelings (also called moods in literature) are also influenced by personal experiences,
memories, beliefs, surroundings (N. Frijda, 1994; Sloman, 2002), and hence they are highly
subjective, less intense (Ekman & Davison, 1994) as well as difficult to measure objectively.
While emotions are temporary, feelings may last long (Carlson, 1997). The difference between

emotion and feeling is summed up in Table 1.1.

Table. 1.1:  Emotions vs Feelings

Emotional Responses (affects) Feelings (mood)
Produce Bodily Responses Interpretation of bodily (Carlson, 1997; Damasio,
responses 1999; Desmet, 2003a)
Quick Less Intense (Frijda, 1993)
Temporary Long-Lasting (Carlson, 1997; Robbins &
Judge, 2013)
Objectively Measurable Difficult to Objectively (Hampton, 2015)
measure

1.3.2 Factors Affecting Consumer Emotional Response in the ‘Before Product Purchase’
Scenario

The first impressions about a product are typically formed in the first few milliseconds (Ekman,
1992; Lindgaard et al., 2006). Several aspects like product appearance are responsible for
generating these first impressions. Previous research suggests that appearance or visual appeal
factors are noticed first, determining how consumers evaluate subsequent experiences (Jennings,
2000; Tractinsky et al., 2000). The other attributes of the product are also judged based on the first
impression it creates. For instance, in the case of a very positive first impression, a person may
downplay potentially negative aspects (Campbell & Pisterman, 2010). Moreover, an immediate
emotional response to a product is critical for engaging consumers and eventually influencing
their purchase decision (Gorp & Adams, 2012). Thus, it becomes necessary to study the factors

which impact consumer emotional response in the ‘Before Product Purchase’ scenario.
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1.3.2.1 Fundamental Product Design Elements and Emotions

Literature (Chang & Wu, 2007; Kim & Boradkar, 2002; Urgen, 2006) confirms that form, material,
and color are the fundamental aspects of product design responsible for emotional impact. Thus
it is necessary to know the role and capacity of each element in evoking emotions in the first

consumer-product interaction.
Form

Product exterior form, frequently the first point of interaction for consumers in store aisles or
on websites, is the way to gain consumer notice that can produce long long-lasting impact and
ultimately shapes purchase decisions (Bloch, 1995). Product form communicates a message
coded by the designer to the consumer by acting as a bridge between them. Spontaneous emotions
elicited by the visible structure of the product overshadow many other aspects (Jacobs, 1999).
Ultimately, a product’s market success depends upon its ability to evoke emotions in the consumer
(Giannini & Monti, 2002). Designers can create products that can influence consumer’s visual
impression with the help of variation in design elements (e.g., attributes of the form like line,
surfaces) considering design principles (proximity, similarity, symmetry) (Coates, 2002; Lauer &
Pentak, 2012). To achieve this, designers must have a clear understanding of the characteristics of

design elements and design principles.
Material

The product appreciation by consumers starts with acknowledging the design of the surface (Chang,
2018). A well-designed product surface through a conscious choice of material texture, graphics,
printed or engraved logo can help achieve emotional stimulation through visual communication.
A logo, which is nothing but a symbolic representation through graphics, texts, and shapes, could
create a consumer’s deep emotional attachment with a product by communicating a memorable
and symbolic meaning. Therefore, subtly manipulated material surface elements are an effective
means of the visual design of the product to elicit intended emotions. Norman (2004) also affirmed
that the visceral level of emotions is influenced by by-product material, and it also results in an
immediate visceral reaction. The research findings (Ashby & Johnson, 2003; Crippa, Rognoli,
& Levi, 2012; Hilton, 2008; Karana, Hekkert, & Kandachar, 2009; Rognoli, 2010) state that
consumer interaction with the product material is composed of seeing it, feeling the texture,
hearing its sound by tapping on it and inhaling its smell. An elaborate combination of visual,
tactile, smell and audio sensory stimuli from the product material shapes the overall emotional

experience for the consumer.

Color
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The role of color in influencing the psychology of the consumer has been studied extensively in
marketing and consumer research (Westland & Shin, 2015). Color is an essential and influential
mode to build and sustain brand images and corporate identity in consumers’ minds (Madden et
al., 2000). Kumar (2017) found that the quality of the brand can be communicated effectively
through color. Tutssel (2001) argued that consumers could judge a brand by its color without
reading the written matter. The pertinent use of color can create a long-lasting impact and is
beneficial for market success. However, color perception is also affected by cultures (Armstrong,
1991) and subsequently learned associations. Moreover, age, gender, ideology, and ethnicity too
are significant in color preferences. Thus, companies like Coca-Cola, Nestle, Procter & Gamble
are seen paying extreme attention to the brand colors.

Form, material, and color are the factors that exist at the forefront of our awareness. Furthermore,
several other background characteristics like intended function, ergonomics, constraints in the
manufacturing method, production budget influence the design outcome. The design brief is
created keeping these factors in mind and hence termed as ‘Design Objectives’. For instance,
a design team may be given a target or objective of designing a product with a fixed production
budget. In that case, product material/color selection is constrained because of the objective set
beforehand. The design team sets the brief, keeping these constraints in mind, and these are the
objectives that need to be achieved along with creating desired consumer emotional response. The
Design Objectives are nothing but the extraneous variables influencing the design of the product
(external stimuli) directly and eventually consumer emotional response. Further, seminal studies
of emotions in consumer research such as lzard (1977), Westbrook (1987), Oliver (1993), and
several others showed that at the most abstract level, an emotional response is either a positive
response or a negative response. The constructs discussed in the above sections are represented
visually in Figure 1.3.

TH-3089_186105003 7



4 N

Design Objectives
Function
Ergonomics
Production
Budget
\ J
— N a N)
External Stimuli Senses Emotional
Response
Vision {
J Form = Hearing % Positive {
: Material { ] Smell ! ] or {
: Colour : : Touch : : Negative 1
1 ! 1 Taste ° :
Q- ............... J) Q .............. _‘J/ Q .............. _‘))

Figure. 1.3:  Fundamental Product Design Elements affecting Consumer Emotional Response

1.3.2.2 Product Judgement Criteria and Emotions

Product form, material, and color can influence consumers roaming in retail aisles of shops without
any particular purchase intention. However, if a consumer has predetermined judgment criteria
(such as price, utility, quality, brand) about purchasing a product based on his needs, these factors
influence his emotional response. A consumer with an intention to buy a product evaluates it on
each of these predetermined factors, and products that do not fulfill his judging criteria will be
avoided. Tversky (1972) calls this ‘elimination by aspect’. Moreover, product judgment criteria
also influence the design as well. For instance, a brand would want to stick to its brand guidelines
while designing a new product to maintain its identity. These brand guidelines determine the

selection of form, material, color.

Marketing directed at the quality of the product also influences consumer emotions. For example,
consider a consumer who wants to buy edible oil. Marketing taglines such as “oil with a unique
blend of taste with health” may create thoughts about how good the oil is for health and also has
a taste. These thoughts may ultimately result in positive emotions about the oil. The business of
brand marketing uses consumers’ emotional connection with the brand rather than highlighting
product benefits (Woods, 2004). Brands tend to elicit positive emotions in the consumers having
a positive experience with them previously (Yu & Dean, 2001) and are likely to be loyal to that
brand.

Brand awareness plays a crucial role as consumers select and evaluate products. Different
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businesses use “brand strategy” as their primary goal in the process of promoting and selling goods
to effectively grow their market share and create consumer brand loyalty for repeated purchases.
Research findings show a significant effect of advertising on brand awareness and its popularity.
Moreover, products with high brand awareness could better acquire positive emotional responses
of consumers (Chang & Chang, 2014).

Most of the parameters mentioned above belong to the broader concept of quality. Quality is
defined by Juran & Godfrey (1998) as product characteristics that fulfill consumer requirements
and provide them satisfaction. Consumers have different perceptions of a quality product depending
on their willingness to pay, preference, and usability expectations.

1.3.2.3 Consumer Behavior and Emotion

In the perspective of design, consumer behavior response can be characterized by the approach or
avoid action of the consumer (Bitner, 1992; Donovan et al., 1994; Mehrabian & Russell, 1974). In
the ‘before product purchase’ scenario, the approach activity reflects the greater engagement of the
consumer with the product exploring, viewing, listening, or touching it, and avoiding action is just
the opposite of approach action. Previous research points out that positive emotion is generally
associated with positive consumer behavior towards products (Adaval, 2001; Barone et al., 2000;
Isen et al., 1987; Norman, 2004). It implies that if a product can elicit positive emotions, it will be
favored by consumers. However, Gorn et al., (1993) also argued that if the consumers are made
aware of their emotional state, then it does not create bias in their judgment. Sometimes, even
though the product elicits negative emotions, it may result in positive consumer behavior. For
example, the most common notion about medicine is that bitter is the test, more is its effectiveness.
Thus, even if medicine taste evokes a negative sense of emotions, consumers tend to showcase

approach behavior towards it.

1.3.2.4 Environmental Factors

The purposeful design of the shopping environment to influence consumers is considered to
enhance consumers’ emotional responses. The appropriate design of space is eventually expected
to positively influence the attitude, perception, and behavior of consumers (Bellizzi & Hite, 1992).
Levy et al. (2017) showed that the space layout is a significant contributor in evoking a specific
emotional response. Mehrabian and Russel (1974) proposed that emotional states mediate the
effects of the environment on behavior. Furthermore, several other studies also supported this
framework (Babin & Darden, 1996; Donovan & Rossiter, 1982). A study exploring the effect of
mall décor on consumers showed a significant impact in terms of consumer emotional response
(Chebat & Morrin, 2007). Bruner (1990), through an investigation, found that music can impact
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consumers’ emotional responses and expenditure patterns. Moreover, in their experimental
approach, Baker and colleagues (1992) established that a significant relationship exists between
the consumer emotional response and ambient factors such as temperature, lighting, noise, music,
and ambient scent.

1.4 Conceptual Framework

As a result of analyzing the research contents of product design and consumer emotions, the
following key research developments are identified. First, the existing research studies related
to product design and emotion have developed a comprehensive knowledge of the complex
phenomenon of layered emotional response to products. Several seminal studies like Emotional
Design (Norman, 2004), Apprisal Theory (Hekkert & Desmet, 2002), Pleasure Model (Jordan,
2005), Technology as Experience Framework (McCarthy & Wright, 2004), and Product Personality
Assignment introduce conceptual models that identify the source of product emotions and attempt
to recognize their relevance to product design. However, none of these studies specifically explore
the context of ‘before product purchase’. Furthermore, the research contribution of the reviewed
studies on the Assessment of Emotion is particularly noteworthy. Some of these studies are
mentioned in Table 1.2. A number of these studies have developed instruments and approaches
for measuring emotions evoked by products. These instruments range from simple pen-and-paper
rating scales to high-tech equipment set-ups. In the context of current study, the relationships
emerged through the proposed framework could be verified using any of these existing suitable
emotions assessment methods in future research.

Table. 1.2: Categories Emerged through the Literature Review and Studies Related to those

Categories
Category Title (Author(s), Year)
The Terminology used in Design for Emotion (Gorp & Adams, 2012)
Emotion Research A Multilayered Model of (Desmet, 2003a)

Product Emotions
What’s The Difference Between | (Hampton, 2015)
Feelings And Emotions?
The Feeling of What Happens | (Damasio, 1999)
Varieties of Affect: Emotions (Frijda, 1994)

and Episodes, Moods, and
Sentiments

Organizational Behavior (Robbins & Judge, 2013)
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Category

Title

(Author(s), Year)

Consumer Emotions and
their relation with the other

factors in the ‘before product

purchase’ scenario

Theory and models for creating
engaging and immersive
ecommerce websites

(Jennings, 2000)

Exploring types and
characteristics of product forms

(Chang & Wu, 2007)

Design Basics

(Lauer & Pentak, 2012)

Materials and emotions: A
study on the relations between
materials and emotions in
industrial products

(Crippa et al., 2012)

The Relationship Between
Consumer Colour Preferences
and Product-Colour Choices

(Westland & Shin, 2015)

Servicescapes: The Impact
of Physical Surroundings On
Customers and Employees

(Bitner, 1992)

An Experimental Approach
to Making Retail Store
Environmental Decisions

(Baker et al., 1992)

A Fitting Approach to
Interactive Service Design: The
Importance of Emotional Needs

(Campbell &
Pisterman, 2010)

Retailing Management

(Levy et al., 2017)

Music, Mood, and Marketing

(Bruner, 1990)

Theories of Product Emotion

Emotional Design : Why we
love (or hate) everyday things

(Baker et al., 1992)

The Basis of Product Emotions

(Hekkert & Desmet, 2002)

Designing Pleasurable Products

(Jordan, 2005)

Technology as Experience
Framework

(McCarthy & Wright,
2004)
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Category Title (Author(s), Year)
Assessment of Emotion Measuring emotion: the self- (Bradley & Lang, 1994)
assessment manikin and the
semantic differential

Designing Emotions (Desmet, 2002)
What are emotions? and how (Scherer, 2005)
can they be measured?
The sensual evaluation (Isbister et al., 2007)
instrument: Developing a trans-

cultural self-report measure of
affect

Emotion Recognition based (Ménard et al., 2015)
on Heart Rate and Skin
Conductance

Wearable Emotion Recognition | (Udovici¢ et al., 2017)
system based on GSR and PPG
signals

Sensing, smart and sustainable | (Pedro et al., 2019)
product analysis methodology
through EEG

evaluation

Human emotion recognition: (Dzedzickis et al.,
Review of sensors and methods | 2020)

In the critical analysis of literature, we deconstructed the phenomenon of consumer emotional
response in the ‘before product purchase’ into its elemental parts. Now in synthesis, we connect
these parts to generate new ways of thinking about the topic in the form of a conceptual framework.
The framework has been proposed in figure 1.4, taking account of the multiple factors discussed
in previous sections that could have a decisive influence on consumer emotions, directly or

indirectly, in the ‘before product purchase’ scenario.

Each aspect of the proposed framework can be investigated at a different level of aggregation.
For example, the fundamental elements of product design responsible for emotional impact (viz.
form, material, and color) make a cluster that is referred to as ‘External Stimuli’. Furthermore,
several other background characteristics like function, ergonomics, production, and budget create
a different level of aggregation termed as ‘Design Objectives’. The factors at the Design Objectives
level are nothing but the extraneous variables influencing the design outcome. Thus, Design
Obijectives have an indirect influence on consumer emotional response. At a cluster-level analysis,
a researcher may study the factors as a group. For instance, in their experimental research, Chang
& Wu (2007) investigated the influence of the overall visual design of household products on
consumer emotions. They proposed various types and characteristics of the selected factors that

would result in a pleasurable consumer response. At the factor level of analysis, one may control
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several elements belonging to the same factor to investigate their effect on consumer emotional
response. For example, Tyan-Yu et al. (2017) studied congruity among product form elements
in enhancing the positive emotional response. At a global cluster level of analysis, a researcher
can use different product categories and associated emotional responses for the study. In such a
case, the research focuses on the relationship between emotions elicited by a particular product

. o ) 4 N
Design Objectives Environmental
Factors
Function
Ergonon_llcs Ambient Conditions
Production
Budget Space Layout
. J . J
% A\ 2 3\ % 3
External Stimuli Senses Emotional
Response
PEREREREEREErrry | IN | IR EERRRREN | I | EEEEEE R :
; - Vision - .
] Form . 1l : Hearing » Positive |
Material : ] Smell . or .
Colour | ] Touch | ] Negative !
' ] Taste . ] .
% ........................... J
3
v
% N
Judgment Criteria Consumer
: Usability ‘: Behaviour
] Price 1 ¢
Popularity Approach
Brand Past E . or
. t ast Experience
Quality [ per Avoid
. Marketing . .
Service . L §
% .............. 3) Advertlsmg % .............. 4)

Figure. 1.5:  Conceptual Framework for Factors Affecting Consumer Emotional Response
before Product Purchase

category, rather than how features of the individual cluster elements are involved in evoking
emotions.

Consumer predetermined attributes of product judgment directed by aspects such as utility, price,

popularity, brand, quality, and service also shape an emotional response. These factors form a
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cluster referred to as ‘Judgement Criteria’. Jordan (1998) argued that the usability of the product
is a crucial factor in evoking emotions. Jordan (1998) further added that to produce a positive
emotional impact, the property of usability should be crafted carefully in the product development
process right at the start. Thus, the usability aspect influences consumer emotions and shapes
the fundamental elements of product design. Therefore, the cluster ‘Judgement Criteria’ is
shown to affect both ‘External Stimuli’ and ‘Emotion’. Moreover, a substantial literature review
indicates that brand marketing (Woods, 2004) and service settings (Ladhari et al., 2017) also
influence consumer emotional response. A few additional factors like previous experience (Yu &
Dean, 2001), marketing, advertising (Chang, 2018) are nothing but external variables affecting
Judgement Criteria.

1.5  Opportunity Investigation in the Proposed Framework

In the present research, a new perspective in the form of a conceptual framework involving
relationships between various constructs has been proposed. It puts forth the opportunity to
investigate the constructs that have not been thoroughly explored previously. For example,
consider the part of the framework represented in figure 5.

External Stimuli H Senses HEmotional Response

Figure. 1.6:  The Part of Conceptual Framework in focus for the Current Research

The constructs in figure 1.5 can be elaborated further as follows: The designer performs the
task of physical manifestation of design intent by manipulating product features (external
stimuli). Consumers realize the designer’s intent through sensory experience and generate
emotional responses from what they sense. Thus, a designer should make a careful choice of the
communication channel (form, material) for imparting desired intent. Therefore, figure 1.5 can be
modified and reconstructed as shown in figure 1.6.

Designer’s Intended Consumer
Product Emotion ' i
: Interpretation
(Physical Senses (Emotional
manifestation of Response)
form, material) i

Figure. 1.7:  Designer’s Intent and Consumer’s Realization
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Previous research points out that differences (discontinuities) will exist between the designer’s
intent of a product character and consumers’ realization of the product character (Ahmed
& Boelskifte, 2006; Crilly et al., 2008; Hsu et al., 2000). In this regard, we can state that if a
product successfully evokes the same emotional response for most consumers, then there is an
emotional similarity (continuity). In other words, if the designer’s intended product emotions and
the consumers’ emotional response overlap, then it can be said that the objective of ‘emotional
continuity’ has been attained (figure 1.7). On the other hand, if the product fails to evoke the same
emotional response for most consumers, then there is a significant ‘emotional discontinuity’, and
what is being intended by the designer has not been achieved. This would eventually lead to the
design iteration or redesign of the product to minimize or remove the discontinuity.

Designer’s

E Intended 3
= . Consumers’ | =2
= Product : : E
Emotions Emotional N
Response by
l =4
Emotional
Continuity

Figure. 1.8:  Emotional Continuity occurs when Designer’s Intended Product Emotions and
Consumer’s Emotional Response Overlap

Nevertheless, first, designers need to dig deep and find out whether there exists any emotional
discontinuity in the design of the product. The comprehensive review of the literature revealed that
the prior work in emotional design falls short in developing a method capable of investigating the
emotional discontinuities in the visual design of a product. Thus, future research can be conducted
to address the question: how the designer’s envisioned product emotions and consumers’ emotional
responses be compared to reveal emotional discontinuities in the designer’s intent and consumers’
realization? It would be a practical means to corroborate what a designer envisioned to do and
what transpired.

1.5.1 Research Gap 1

Research Gap 1 for the current study is presented in this section, which investigates the opportunity
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for further research in the proposed framework.

When product designers manifest an intended emotion in the visual design of a product, they
have fair and sensible anticipation that through their design skills, they would accomplish the
task of evoking intended emotion in a majority of consumers. However, research points out that
disconnect will often occur between product aspects expressing designer’s intentions and consumer
realisation of the product aspects. A designer needs to identify and eliminate this disconnect to

ensure the product’s success.

Thus, a design framework is needed to assist designers in emotive form generation and

facilitate comprehending consumer emotional responses on the generated forms.

1.6 Development of Research opportunity Identification Framework

This section presents the Research Opportunity Identification Framework developed and utilized
to identify Research Gap 2. The process of developing the framework and its working is explained
with a case study.

“Where do | start from?” More often than not, design researchers face this question early on
in their research projects. The initial ambiguity frequently results in jumping quickly into the
project, which leads to a shift in research focus time and again. To set the initial direction, a
researcher needs to have an open mind-set and explore the latest changes occurring in the present
world, always thinking about innovative opportunities. Finding new/innovative opportunity areas
for carrying out research and defining the initial boundaries of a research space are some of the
foremost priorities of a researcher. Although the approach followed by design students is more
intuitive and opportunistic to solve any problem, the method followed by other disciplines such
as STEM is usually more organized. This often leads to tension when a design research project
demands the collaborative work of an interdisciplinary team. In this section, we share an outcome
of a study involving an interdisciplinary team working on identifying an opportunity area for
design research. The current investigation is used as a case study to illustrate the key phases and
their attributes involved in the framework to identify a significant area for conducting a design
research project. The framework developed is found to be handy in organizing our thoughts and
setting our initial research intent. Based on the study, we propose a pedagogical framework to
better equip design researchers to work in collaboration for recognizing the field and scope of a
design research project.

A research gap can be defined as a topic or area for which insufficient knowledge restricts
researchers’ capacity to arrive at a conclusion for a given question (Robinson et. al, 2013).

Identifying a research gap or area for investigation often turns out to be difficult for researchers
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and academicians (Farooq, 2017) not because of the limited number of issues available for study
but due to the complexity involved in formulating a relevant research gap, which is unique and
researchable. For designers, the task becomes more challenging due to a defining factor called
as ‘design attitude’. Design attitude is working in a manner that is more ‘assertion-based rather
than evidence-based’ (Michlewski, 2008). Furthermore, for a researcher, ‘scientific attitude’
encourages working, which is more evidence-based supported by conclusive facts and observations
(Rao, 2010). Design attitude and Scientific attitude appear to be contrasting approaches. An
interdisciplinary team’s operations could become challenging when members of the team function
with such conflicting approaches and working styles. In this regard, not much focus is evident in
design education. Thus, it is essential to develop a systematic approach in identifying research
gap or area of an investigation while functioning as a team consisting of members from different
educational backgrounds. This section of thesis aims to explore and propose a new pedagogical
framework to address this issue through investigations where an interdisciplinary team is working
to identify opportunity area or research gap for design research. The proposed framework (as
shown in figure 1.10) consists of four stages explore, categorize, summarize and evaluate. At each

stage, specific team members take the lead to steer the process.

1.6.1 Formation of an Interdisciplinary Team and Team Roles

For the current study, an interdisciplinary team originated at the Indian Institute of Technology
Guwahati in Assam, India, to identify an opportunity area for conducting design research. The
team consisted of a diverse mix of members from Product Design, Interaction Design, Human
Factors, Engineering, and Architecture. According to Belbin, any team has two parts, a functional
role, and a team role. The functional role is nothing but the specialized skills a member possesses
to perform a profession-based task, and the team role is the attitude and behavior of a member that
is put to use for the effective working of a team (Belbin, 1991). Further, Belbin stated nine team
roles that can be grouped in three broad categories: action oriented roles — Shaper, Implementer
and Completer Finisher; people oriented roles — Co-ordinator, Teamworker, and Resource
Investigator; cerebral roles - Plant, Monitor Evaluator and Specialist (Belbin, 1996). These team

roles at the different stages of the proposed framework are as shown in figure 1.8.

In the interdisciplinary team formed, the team roles are well-defined, and the necessary members are
involved at the required time by the Co-ordinator. The role of a Co-ordinator is to oversee the entire
process and assign appropriate people to lead at different stages of the process (The Belbin Team,
2018). Only required people at each stage will mean less frustration (and fewer time-consuming
meetings) for everyone involved. Designers often play the role of a Plant in a team. Plants are
effective in tackling complex early stages of a process innovatively through their creative thinking
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skills. The Shaper keeps the project stick to the deadlines. Teamworker is essential for empathy
and averting friction, and the Specialist is necessary when in-depth understanding is called for.
The Monitor Evaluator team role, which is to see all the options, strategize and judge accurately
(Belbin , 1991), would be best suited for the Categories stage to lead the process. Implementer

| Co-ordinator >-

O O O O
U \J A

Explore Categorise Summarise Evaluate
--fg ® Plant @® Monitor ® Implementer ® Resource
— Evaluator Investigator
e @® Completer
8 Finisher
[

| Shaper e

| Teamworker >

| Specialist -

Figure. 1.9:  Team Roles

and Completer Finisher can be considered to lead for the Summaries stage because of the qualities
like the ability to turn ideas into practical action-based tasks and deliver on time. The Resource
Investigator is assigned as a lead in the Evaluation stage, which requires the development of
contacts and communication with people through interviews and surveys.

1.6.2 The Process of Research Opportunity Identification

To set the initial direction, researchers need to examine various areas, and it requires a lot of
reading and analyzing the material from multiple resources. This initial exploration follows a
repetitive loop of search, communicate, and group think. As Tom suggested, “First, you need to
identify and select relevant information sources, which will mean looking at books in the library,
catalogs, databases and on the Internet” (Tom, 2012). The Plant leads the Explore stage.

1.6.2.1 Explore

Search - Researchers need to dedicate specific time to search present-day information from various
sources keeping an open mind for all kinds of latest information without any bias. An unbiased
outlook, in the beginning, can help to find new directions.

Communicate - The information collected gathered from the sources should be compiled. The

compiled information can have a format that can be easily understood and quickly shared with

TH-3089_186105003 18



others to add comments and highlight critical points while going through it (figure 1.9).

Group Think - Team discussions with a set meeting agenda and specific time limit allow the ideas
to exchange through sharing thoughts. It will create understandings of how information is gathered

Area Keywords Key Points Source

1. The spread of EVs may open up opportunities to provide

storage support for renewables via the so-called “vehicle-to-

grid” (V2G) option

Electric Vehicles, Self-drive, Air |2. There could be significant advantages from u)lng vehicle-to
Transportation |Pollution, Batteries, Clean Energy, |grid and associated home-based smart power
Safety systems

3.Whether autonomous self-driving car takes off remains to be
key issue, with some high—profile and fatal

acodents occurring with early versions

PhysicsWorld (https://
physicsworld.com/a/an-
electric-car-future/)
Accessed on: 20-11-2019

1. Google’s DeepMind created an ALl for breast cancer analysis.
The algorithm outperformed all human radiologists on pre-
selected data sets to |dent|fv breast cancer, on average by 11.5%
2. VR is being use 1in future surgeons and for actual
surgeons to practice operations,

3. In case of medical professionals, AR might help medical
students prepare better for real-life operations, as well as
enables surgeons to enhance their capabilities.

The medical futurist (https:/
medicalfuturist.com/ten
ways-technology-changing-
healthcare/) Accessed on:

Artificial intelligence, Virtual
Healthcare Reality, Augmented Reality,
Trackers, Sensors

03-12-2019
4. The future of medicine and healthcare is closely connected to
the empowerment of patients as well as individuals taking care
of their own health through technologies like health trackers
@ .
1. Between conductive fabrics or sensor-clad smart garments,
wearables will intertwine so closely with fashion we won't be Wired (https://
___/

Seamless, Desirable, Useful, able to distinguish them apart, wwwu.wired.com/

Wearables

Figure. 1.10: Sample compiled information with critical points highlighted

and steer the project in a definite direction. The team can go back to search for information about
the trends that emerged during group think.

1.6.2.2 Categorize

The initial efforts to explore the latest information would generate an extensive database of current
issues (raw data). This information needs to be organized into a limited number of relevant areas.
These areas can emerge through team discussions. Articulation of relevance of these areas and
type of information each area would contain helps to manage time and keeps focus on the suitable
context of the research. Moreover, an additional search could be conducted in the focus area.
In the current study, five areas emerged: technology, society, culture, policy, and business. The
relevant area of research was decided to be related to ‘smart wearable technology’ through team
discussions. Further, to dig deeper into the area, several queries were raised about constraints,
goals, and desires of the category. For example, what are the technology constraints? what are the
technology goals? what are the aspired applications of the technology?

1.6.2.3 Summarize
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At the end of the analysis of the latest information gathered in Explore and Categorize modes, we
put together the keywords, critical observations, emerging patterns into an integrated summary of
research relevant areas. It presents a concise overview of the context and reveals hidden details,
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Figure. 1.11: Research Opportunity Identification Process Workflow
trends, insights. It also explains the basic logic behind the research direction. Summarizing the
findings is done by collating keywords, identifying patterns, mapping trends, and articulating
critical findings.
Collate Keywords - Keywords are nothing but context-specific principal terms that can be used
for further search. The use of keywords made the search easier and focused on obtaining relevant
information through an extensive database. Analysis of keywords can uncover interesting insights
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from multiple perspectives. The current investigation identified a total of 1103 relevant research
studies to collate keywords. These studies are shortlisted based on the following inclusion criteria:
published in English from the year 2005 to 2019, indexed in Scopus, screening keywords in their
title/abstract/keywords section. The screening keywords used are ‘Smart Wearable Devices’ and
‘Design’. How the identified research documents are distributed is as follows: journal articles
(432), conference papers (598), reviews (69), books (4). The identified studies contained a total of
9553 author keywords and index keywords.

Identify Patterns - Identification of the patterns within a dataset is essential to understand the most
relevant and evolving areas for the research. One way to find patterns is to cluster the keywords
based on their number of occurrences in the articles. Visually representing these patterns becomes
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Figure. 1.12: Network Visualization of research on the design of smart wearable devices (using
VOSviewer)

an effective way of drawing conclusions and communicating the findings. A total of 171 keywords
with a minimum frequency of 15 were selected out of total keywords to generate a network
visualization using VOSviewer. The generated network visualization was analyzed to discover
patterns within the keywords dataset.
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Analysis of the network visualization showed that the selected keywords predominantly form
three clusters (represented in red, blue, and green colors). In a cluster, the size of a node (circle)
and its label scale represents the weight of an item. Central nodes of these three clusters are
identified as ‘wearable technology design’ (red), ‘textiles’ (blue), and ‘human (physiology
monitoring)’ (green). The distance between any two nodes represents their relatedness in terms of
their co-occurrence in the literature. In other words, the closer the nodes more is their relatedness
in terms of co-occurrence. From the network visualization, it appears that the nodes ‘product
design’, ‘human-computer interaction’, ‘human engineering’, ‘watches’ are closely related to the
‘wearable technology design’ node. Based on this, it is appropriate to believe that product design,
human-computer interaction, ergonomics, etc., are the central issues in wearable technology
design. From the network visualization, it also appears that the importance of the other two
clusters, ‘textile’ and ‘human (physiology monitoring)’, is also noteworthy. The ‘textile’ cluster
is more related to smart textiles, use of innovative materials, use of 3D printing, etc. and issues
in the ‘human (physiology monitoring)’ are closely connected with the design of algorithms for
the physiological study of people of different age groups, gender, etc. The team decided to focus
research on the issues related to product design, human-computer interaction, ergonomics, etc., in
the wearable technology design cluster.

Map Trends - Trends reveal a general sense about the most common areas of research opportunities.
Recognizing and understanding trends gives a possibility to position the research so that the
research findings would indeed be relevant in the near future. The trend search for the current
study shows that the smart wearable devices market is heavily dominated by wrist-worn devices.
Moreover, in the past, shipments of smartwatches were way more than that of wristbands, and the
trend will continue to be similar in the future (Richter, 2018). Thus the focus object of the current

design investigation was determined to be ‘smartwatch’.

Articulate Critical Findings - Organizing the critical findings of keywords, identified patterns, and
mapped trends in a comprehensive, fact-based format that can be shared with the research team
gives a higher-order overview of the interest area of the research as well as forms the rationale for
it. It also helps to establish the extent of boundaries of the research landscape. The critical findings

of the current case of smart wearable technology design are as follows:

Explosive growth in wearable technology is witnessed in recent years. Smart wearable devices are
eventually going to become an integral part of human life (Cecchinato et al., 2015). When looked
at the current wearable market scenario, the companies in this domain appear to have a strong
focus on technology-driven innovation. However, as the market enters into the maturation phase,

the technology penetration becomes high, and technically similar products co-exist (Gonzalez
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et al., 2018). In such a situation, technology starts losing its potential to become a differentiator,
and companies can no more rely only on technology to gain the upper hand. Therefore, to attain
sustainable competitive advantage, companies are desired to set their focus on design with the
user at the center. Emerging technologies like smart wearable devices offer new opportunities for
designers to cultivate, enhance, and implement their thoughts and imaginations.

1.6.2.4 Evaluate

After a full understanding of the intended research area is developed at the end of the ‘summarize’
stage, the focus moves towards an evaluation through a more context-specific action such as
field visit, expert opinion, online/offline survey to gain as many insights as possible through
the industry, professional, expert interaction. Here, the primary purpose is to identify practical,
“real world” problems that may be understudied or ignored within academic circles and to make
research findings more relevant to practice. The evaluation of the currently selected case of smart
wearable technology is explained below.

Globally, the smart wearable market devices market is dominated by multinational corporations
like Apple, Google, etc. In India, it can be observed that more and more start-ups are venturing
into this territory of wearable tech devices. To get recognized in the competitive market, these
start-ups hold out against multifaceted challenges. To get further insights on the design challenges
encountered by these organizations, expert opinions are gathered through a few informal telephonic
interview sessions with practitioners in wearable devices start-ups. The following table shows the
particulars of the conducted interviews.

Table. 1.3:  The particulars of the conducted interviews

S | Company Name Application Area Location Designation of
No interviewee

1 | Ducere Technologies | Fitness and Wellness | Telangana, India | Industrial Designer
2 | Ducere Technologies | Fitness and Wellness | Telangana, India | Manager- Product

Design
3 | Lazy Co. Fashion/Consumer Bangalore, India | CEO & Industrial
Electronics Designer
4 | Actofit Sports/ Health/ Navi Mumbai, Founder & CEO

Fitness and Wellness | India

It was quite evident from the interviews that the smart wearable devices industry in India, which
is still in infancy, is relying on the designer’s abilities and experience in seeking design solutions.
However, it takes a lot of practice and professional experience for a designer to gain confidence
in decision making in industrial projects (Green & Bonollo, 2004). Although traditional design
methods have always helped designers deal with practical situations and challenges, what is not
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paid sufficient attention in these design methods is the complication of contemporary design
concerns. Through industrial interaction, it is quite evident that the contemporary design industry
(particularly start-ups) needs a novel design method for the ideation stage, which enhances the

designer’s idea Generation Ability & Creativity.

At the end of the ‘research opportunity identification process’ following brief research outline
is obtained for the current case: Research gap 2 — The design industry is in need of a novel
design method for the ideation stage which enhances designer’s Idea Generation Ability and

Creativity.

1.7  Research Gaps

Research Gap 1: A design framework is needed that assists designers in emotive form generation

and facilitates comprehending consumer emotional response on the generated forms.

Research Gap 2: The contemporary design industry needs a novel design method for the ideation

stage that enhances the designer’s Idea Generation Ability & Creativity.

1.8 Research Questions

Research Question Associated Research Gap

RQ1: Does the Emotive Form Design tool assist product designers | RG2
during the ideation stage to generate different ideas? (lIdea
generations ability enhancement)

RQ2: Does the Emotive Form Design tool assist product designers | RG2
during the ideation stage to overcome the cognitive barrier?
(creativity enhancement)

RQ3: Do these design ideas elicit intended product emotion RG1
in a significant number of the target consumers? (emotional
discontinuity identification)

1.9  Aimand Objectives

Aim

This study aims to evolve an emotive form design framework to assist designers in creative form
generation and facilitate comprehending consumer emotional responses on the generated forms.

Objectives

 To create an emotive design approach that helps generate a wider range of form design

alternatives during the ideation stage.

» To evolve a product form design tool/method for product designers that boosts their
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creativity skills in the context of the product emotions and form design.

» To develop a framework to identify the designer’s intended product emotion and to

determine whether design ideas elicit intended product emotions.

Chaper |

| Defiing Research Problem

| Litersare Review

| Design and Emotion

Factors Affecting Comswmer Emwotional
Respomse Before Prodiact Purchase

;

| Theones of Product Emolwon

r "I Emotion vs Feeling |

-‘-—-"I Relatbon between Design and Emotion |

| Pablication

Vaidya, G., & Kalita, P C. (2021a).
Understanding Emotions and their Role in
the Design of Products: An Inlegralive
Reveew. Archaves of Dedign Research,
24(3), 5-21.

Conceplual Frnmework for Faclors
Affecting Consumer Emotional

Response Beliwe Product Purchase

5
' L =
' ! Conceptl of Emsotional Continuity |
| Emotion Assessment Methods } = 1 :
i '
L -I Chagler 2 I :
i
i
'
| Research Gap | |< _________ TR T e T PR 4
_________________________________________ - W SRR . ., . T ————
1 1
] ]
Development of Research Opportusity : : | Publication
1dentificatson (ROT) Framewark i i
: : Vaidya, G, & Kalita, P C. (2021b),
| Meed of RO Framework I ------ [--—--I Dresign Attitude vs Scientific Attinsde | y | Besearch Opportunity Identification: A
1 1| | Pedagogical Framework for Diesign
) 1 I - ) 1 | Research. DS 110: Proceedings of the 23rd
| Belbin Team Roles | i N h:‘:‘.ﬁm“:flmmm“'l'm Leams I | Intematicnal Conference on Engineering
1 and Team Roles 1 | and Product Design Education (E&FDE
: : 2021, V1A Design, VIA University in
| The Proces of ROI I_, _____ 1-=--#| Explare T y | Meming, Denmark. Sih - 10th Sepromber
. rd
1 Categorics 1| 202l
I . Discussions
Summarise [T !
1 . . . 1
' Evaluase Intery '
1 [ 1
| Research Gap 2 |.‘________.|_ ............................ < 1
1 1
_________________________________________ f - eEEmm s s E s m S m e mmE e m e
1 1
| Research Questions l 1 I
1 1
] ]
| Aum and Débjpectives I I
— ] ]
i L
1 (]
Chapter 2 | : :
1 | —
| Understanding Fmntions }-“- --:-- - - Experiencing. Expressing and : Publication
L E Emeily
I sisunmg Bmeaihons i
] Emotional Design I Vaichya, Ganray, and Pratul Chancra Kalita
| Literatare Review | : Appraisal Theary : iEDEI:I.'i. “Emotron Assessment Methods in
i Plexsure Model y | the Fickl of Prodisct Design: 4 Review.™
0 do___ 1 . Technology as Expersence Framework ] The tnternational Joumnal of Design
| Theonies of Prodect Emolion I iy I‘;Jdl.m J;;wml:::ﬂuimm v | Educntion 16 (21: 1-19
] T ]
1 } 1
| Emotion Assesament Methods [EAMsh l- seeesfemarl Selfpepart Metbods H ]
: Physialogeeal Methods ! :
i
i
| Creativily and ils Assessmenl | : ; M :
T
! : | Advaniages and Limitations :
1
! 1 5 ]
EAM companson criteria and P ——— _:_ _________________ J !
CONYPArTSOn Mmalrm ! I :
:_ _________ !__+ Consensunl Asscssment Technigque i
1 [CAT) 1
1 - 1
1 1
Creativity Assessment Grudelines II“' ok REEE L LR i
1 1
1 L

TH-3089_186105003

25



| Chapter 3 ]

| Shaping Emations Framework |‘ === Design and Development ]

Consumeer Interpretation of Product Form |~-- === Wy Imicrest Emotion’ |

-
n
1

Existmg Emotive Form ldeation  Metbods |~- ————

\!u I| Exercis

CAL ool

Cloy shaping exercise
Haenimicry

Development of o new prodact form
iddeation methex based in Figures of Speech
{Fo3) i

Advantages and Linutalsons

l Chapter 4 |

| Testing Proposed Framework I

Hypothesis and Design of Experments --+ Choice of test products

4

Selection of Subjects and Conducting
Experiments

| Amalysis amd Inberpretatson ]- -----

__________________________

JR— -

| Chapler 5 ]
| Discussion, Conclusion and Future Prospects ]
Novel Research Oubcomes |
| Limikxisons and Future Directions |

Figure. 1.13: Thesis workflow and content of various chapters

1.10 Framework of the Thesis

Based on the study workflow, the thesis report is divided into five chapters. Figure 1.12 illustrates a
brief workflow. The research questions, objectives, and hypotheses are addressed in the individual

chapters. Subsection 1.10.1 presents the summary of each chapter.

1.10.1 Brief of Chapters
A brief summary of the study divided into five chapters in the thesis is as follows:
Chapter—1: Understanding Emotions and their Role in the Design of Products (present chapter)

The first chapter focuses on the importance of understanding the relationship between emotion
and design and how designers can effectively utilize it to discover opportunities for new product
conception. It reviews the existing literature related to emotional design and summarizes the
research gaps. The research questions, aim of the present research, objectives to achieve, the aim,

and framework of the thesis are also presented in this chapter.
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Chapter-2: Experiencing, Expressing, and Measuring Emotions

The second chapter describes the phenomenon of experiencing and expressing emotions. It also
comprehensively reviews existing emotion assessment methods in product design and performs
their comparative analysis. The researchers’ perspective of creativity and method used for

creativity assessment is also presented in this chapter.
Chapter-3: Shaping Emotions Framework

The third chapter illustrates the existing emotive form ideation methods and presents the need
to develop a new emotive form ideation method. This chapter also introduces the design and
development of a new framework developed to assist designers in emotive form generation and

facilitate comprehending consumer emotional responses on the generated forms.
Chapter—4: Validation of Proposed Framework

The proposed shaping emotions framework is validated by means of statistical methods. The
design of experiments for this validation is presented in the fourth chapter. The protocol for
conducting the experiments, recorded data, and various tests performed for hypothesis testing are

also described in this chapter.
Chapter-5: Conclusion, Limitations and Future Scope of Work

The fifth chapter provides the novelties and critical findings of this thesis. The fulfillment
of objectives and testing of hypotheses were also depicted here. This chapter covers the

recommendations and suggestions for future study.
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Chapter 2. Experiencing, Expressing, and Measuring Emotions

2.1 Introduction

Design has been increasingly viewed as a discipline that attempts to develop products that satisfy
the implicit needs of consumers more than merely making things functional. These implicit needs
of consumers include emotional and aspirational needs. Therefore, the role of emotions in the
design of a product has gained the attention of designers and researchers in recent years. However,
capturing and genuinely understanding consumers’ preferred product emotion is challenging, as
the experience of emotions elicited by a product is a complex phenomenon. Most consumers
cannot clearly describe their experienced emotions while they interact with a product. Therefore,
several researchers in the emotional design domain have developed methods that focus on
understanding and evaluating consumer emotions. Each of these methods has its specific relevance
and usefulness, which should be taken into account according to the research context. In Chapter
2 of the thesis, a comprehensive review of the literature on emotion research has been conducted
to understand and illustrate the phenomenon of experiencing and expressing emotions. It involves
reviewing and critically analyzing seminal studies, theories, and models previously proposed in
this domain (viz. Emotional Design, Appraisal Theory, Pleasure Model, Technology as Experience
Framework, and Product Personality Assignment). The present chapter also presents a review
of the available literature on the most common or most frequently used methods for assessing
product-related customer emotions. A keyword search is conducted using online databases to
find the relevant methods. The keywords used for this purpose were “assessment of emotion,”
“product design,” and “customer emotions,” with limitations to subject areas of design, social
sciences, and management. A total of seventeen such assessment methods used previously to
evaluate consumer emotions related to product design are selected from the relevant literature for
the review. The methods are evaluated based on their benefits and disadvantages. To summarize
our results, we propose a taxonomy of the methods selected for the study and develop criteria
for comparing these methods for choosing a suitable one for the product design research context.
It is expected that the findings of the chapter will assist design researchers, cognitive scientists,
and ergonomists in choosing the appropriate emotion assessment method while designing and
developing emotional products. In view of research gap 2, it was felt relevant to review the
literature describing creativity and its assessment. Thus, this chapter also includes an overview of
terms used to define creativity and technigques used to assess creativity.

2.2 The Phenomenon of Experiencing and Expressing Emotion

Arnold (1960) defines emotion as the felt tendency toward anything intuitively appraised as good
(beneficial) or away from anything intuitively appraised as bad (harmful). Additionally, the literature
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(Norman 2004; Lucas and Diener 2000) affirms that emotions alter the way humans contemplate
and act as continuous guides to proper behavior. Desmet also agrees with this perspective and
argues that everything humans do has a subconscious shade of emotion. Furthermore, he advances
the argument that emotions produce quick bodily reactions arising according to the circumstances
(Desmet 2003a). These bodily reactions are emotional responses that create biochemical reactions
changing the physical condition of the body without conscious efforts or reflection (Carlson 1997)
and giving the advantage of deciding what to do at the time of important events (Paul Ekman
1999). According to Desmet, emotions have an expressive or physiological component and a
subjective experience component (Desmet, 2003a). The mechanism of triggring emotion and its
components are presented in Figure 2.1.
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Figure. 2.1:  Experiencing and Expressing Emotions
Previous research in product design and emotion has resulted in the development of various
theories of product emotions. A comparative study of these theories of product emotions would
be beneficial for comprehending this complex phenomenon of product emotion. Therefore, we
review seminal theories of product emotion and list down the advantages and limitations of each
approach, and report them in the next section.

2.3 Theories of Product Emotion

The analysis of five seminal theories of product emotions is presented in this section. Though many
theories are available in the literature, in total, the following five theories of product emotions
have been identified and examined: (a) Emotional Design, (b) Appraisal Theory, (c) Pleasure
Model, (d) Technology as Experience Framework and (d) Product Personality Assignment. These
theories are relevant for the current context, first, because all five have explored the complex
phenomenon of layered emotional responses, and, second because they all have in different ways
attempted to establish links between sources of product emotions and their relevance to product
design. Each theory mentioned above has its own positives. It is essential to study these theories
to get an improved understanding of the phenomenon of emotional response to design for better

emotional product design.
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2.3.1 Emotional Design

Product appearance (i.e., the visual design of the product) is a communication channel between the
designer and the user. Product appearance is the key that governs the consumer interpretation of
the product. Crilly and colleagues propose a framework for design as a process of communication
that consists of five elements, namely design team (source), product (transmitter), environment
(channel), senses (receiver), and response (destination) (Crilly, Moultrie, and Clarkson 2004).
In this process, the design and manufacturing of the product is the producer’s responsibility.
The design team codes the intended message into the product by manipulating its geometry,
measurements, surface quality, materials, colors, visuals, details, etc. The consumer interacts with
the product in a specific environment, which can be termed as a channel. Consumer senses receive
the message transmitted by the product, and the product perception is formed, which results in
consumer cognitive response.

Although all human senses impact consumer reaction to the design, it is accepted that visual sense
contributes the most in the process (Schroeder 2002; Postrel 2004), and product style usually refers
to visual style (Baxter 1995). Mond suggests that the product form that the eye sees generates the
viewer’s expectation of what other senses will ascertain (Mon6 1997). Thus, product appearance

has to strike a chord that makes conformity with other human senses (Smets and Overbeeke 1995).

Norman (2004) categorized the human attributes of response in three emaotional levels according
to the processing that is carried out inside the brain. The levels are visceral, behavioral, and

Visceral
[ weant 1t! It looks beautiful!

Figure. 2.2:  Three Elements of Emotional Design (Source: Norman, 2004)
reflective. He further mapped these three levels to product characteristics forming three elements
of emotional design: Visceral Design, Behavioural Design, and Reflective Design.

Norman further explained Visceral Design deals with appearance (i.e., visual design) and how
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consumers evaluate product appearance through their senses. Human response to objects that
offer food, warmth, and protection is usually positive, as humans are genetically programmed
through evolution. Behavioural Design refers to the pleasure and effectiveness relating to the
usage of a product that consumers find easy to use or gives them a sense of satisfaction. Such
products are generally liked more than those having usability issues. Finally, Reflective Design
has to do with interpretation, understanding, and reasoning. The consumer may appreciate even a
useless product if it has the ability to elicit memories, tell stories or enhance consumer self-image.

2.3.2 Appraisal Theory

Different from the concept of Norman’s three levels of emotional design, Hekkert & Desmet
(2002) proposed the appraisal theory. According to this theory, the consumer’s appraisal is the
factor that governs emotion elicited by the design outcome. In the experimental model, Hekkert
and Desmet divided product emotions into five categories: surprise emotions, instrumental
emotions, aesthetic emotions, social emotions, and interest emotions. The model showed that
although a product might evoke several emotions, the underlying process that induces emotion in

consumers is universal.

Figure. 2.3:  Model of Product Emotions (Source: Hekkert and Desmet, 2002)
This theory resembles Lazarus Theory of Emotion which states that the experience of emotion
depends on how an individual cognitively appraises or labels the experience. The appraisal of an
event depends upon previous experience, current circumstances, and cultural background (Lazarus
1991). Though the proposed model highlights the cognitive process of emotion generation through
appraisal, it does not provide much empirical evidence verifying the connection between design

and emotional responses.

2.3.3 Pleasure Model

Jordan (2005) proposed the pleasure model. He argued that designers need to move beyond the
functionality and usability approach to design. He proposed a pleasure-based approach in which
the focus is on the pleasure aspect in designing product experience. His model classified four
different types of pleasure, (a) Physio-pleasure; (b) Socio-pleasure; (c) Psycho-pleasure and (d)
Ideo-pleasure. Physio-pleasure is associated with pleasure obtained from interaction with products
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through our senses, e.g., the tactile pleasure of holding a remote control, the olfactory pleasure
of smelling hot coffee. Socio-pleasure is related to joy obtained from our relationship with other
people. Sometimes products encourage social interactions, and the pleasure derived from these
interactions facilitated by products is termed socio-pleasure. For example, a bakery shop owner
may provide a service that facilitates a small public get-together — ‘An evening with Cake’.
Psycho-pleasure is to do with the cognitive and emotional responses. In order to use a product,
it may be essential to have a certain level of cognitive ability, and product experience may elicit
some emotional reactions. Ideo-pleasure is related to peoples’ values. For example, a product
manufactured from biodegradable material pertains to the value of environmental responsibilities
of the consumer. Although the pleasure model encourages designers to consider product attributes
that can exhibit pleasurable experiences in consumers, it does not deal with the biological process
of pleasure. Moreover, the model proposes a structured approach to the issue of product pleasure
experience and product acceptance based on pleasure. Still, the other dimensions of emotion (e.g.,
boredom, pride, fascination) remain unexplored.

2.3.4 Technology as Experience Framework

This model was established by McCarthy and Wright (2004), and it analyses elements of
consumers’ experience with technology in different phases of engagement with it. The model

3

talks about four threads of overall consumer experience: ‘ sensual thread’, ‘emotional thread’,
‘compositional thread’, and ‘Spatio-temporal thread’. The ‘sensual thread’ is associated with
the consumer’s sensory organs and their affiliation with a situation. This is comparable to the
visceral level described in Norman’s model. For example, children get intensely engrossed in
mobile games with all their senses to the extent they cannot be attentive to any activity around
them. The ‘emotional thread’ is related to the impact of product use on consumer emotions. For
example, irritation caused due to an unresponsive computer. The ‘compositional thread’ involves
the relationship between the whole experience and its elements as the consumer makes sense
out of it. For example, a mechanic is working on an engine with his passion and commitment to
his own handiwork. Each passing moment while working gives him joy and shapes the overall
experience in the way of expressing himself. The ‘Spatio-temporal thread’ relates to the effect
of space and time on consumer experience. For example, some people choose a quiet place to
experience the joy of reading an exciting novel. The framework gives a holistic perspective about
consumer experience and its threads. However, the threads mentioned in the framework are not
mutually exclusive, and they have a considerable overlapping. For example, both the sensual and
the emotional thread deal with the emotional impact of the product use, and one can be unclear of
categorizing such consumer experiences based on the threads mentioned. Moreover, the role of

human senses in each thread is not described with clarity.
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2.3.5 Product Personality Assignment

Phillips Design originally developed the approach of ‘Product Personality Assignment’ (PPA).
In a pleasure-based approach, the products are seen as ‘living objects’. PPA forms an extension
to this idea and proposes that products possess traits that make their personalities. The proposed
idea seems over-imaginative as, in a true psychological sense, the products do not have their
personalities. However, people may assign personalities to products such as unhelpful, funny, calm
etc. based on their reflection of human qualities on to products. For example, an earlier study by
Joran reports that one of the participants referred to his radio as an ‘old friend’. Another participant
in the same study revealed that she punishes her stereo by thumping it for ruining cassette tapes.
The approach demonstrated that different individuals are likely to allocate equivalent personality
attributes to the same product, but it falls short in linking personality attributes to product
preferences. Moreover, designers having no psychological background may find it challenging to
understand the model of personalities proposed by PPA.

2.3.6 Benefits and Drawbacks of Five Theories of Product Emotion

The previous section covered a review of five seminal theories for emotional product design.
The first two theories (viz. Emotional Design and Appraisal theory) outlined in section 2.3 are
effective in lifting the layers of elementary cognitive and emotional processing that is carried out
inside the brain, whereas ‘Pleasure Model’, ‘Technology as Experience Framework’ and ‘Product
Personality Assignment’ are mainly related to categorization of consumer emotional experience
with the product. For better comprehension, table 2.1 given below describes the benefits and
drawbacks of the studied theories.

Table. 2.1: Benefits and Drawbacks of Five Theories of Product Emotion

Theory

Benefits Drawbacks

Emotional Design

Clarifies cognitive processing that
is carried out inside the brain at
different levels.

Unable to establish empirical
methods to evaluate emotional
responses validating the model.

Appraisal Theory

Explains the underlying process
of emotion generation through
appraisal.

It does not provide much empirical
confirmation verifying the
connection of design and emotional
responses.

Pleasure Model

Describes a systematic approach
to the issue of product pleasure
experience. Explains product
acceptance based on pleasure.

Not able to explain cognitive
information processing and multiple
dimensions of emotion.

Technology
as Experience
Framework

Explains consumer experience in
different phases of engagement
with technology.

Unable to explain emotion
generation process and the role of
human senses in each phase.
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Theory Benefits Drawbacks

Product Effectively relates visual design Not able to establish a link between
Personality of a product with individual personality attributes and product
Assignment personalities and emotions. preferences.

24 Measuring Emotion

Since emotions show a strong influence on consumers’ product choice and purchase decision
(Abraham 1999; Kunnanatt 2004), designers aim to develop designs that elicit consumers’
preferred product emotions to achieve a stronger consumer-product connection (Desmet 2002).
However, capturing and genuinely understanding consumers’ preferred product emotions is
extremely difficult as emotions evoked by a product are very complicated (Desmet 2003a).
Moreover, most consumers cannot articulate their experience of emotions. Therefore, previous
research in the emotional design domain has led to the introduction of several methods that focus
on measuring consumer emotional response to designs. Each of these methods requires specific
resources and generates a different type of data related to the consumer’s emotions. Hence, one
needs to be careful while choosing a method based on the context of the research undertaken. This
section of the thesis aims to review seminal methods used to assess emotions evoked by the design
of a product and propose criteria for selecting an appropriate one based on research settings in the

context of product design.

A few previous studies have also attempted to compare the existing Emotion Assessment Methods
(EAMSs). For example, in his work, Desmet (2003b) had performed a comparative analysis of
verbal and non-verbal EAMs and created a new method, PrEmo, incorporating the advantages of
existing EAMs. However, his work was mainly aimed at developing a new approach to emotion
assessment and had little information on the particulars of each of the existing EAMs. Similarly,
Isomursu et al. (2007) compared five EAMs—two existing and three self-created methods.
However, their study had a specific context focused on mobile applications in field settings.
Therefore, the study used a unique evaluation criterion that was context-specific. Moreover, the
study presented only the advantages and disadvantages of the compared methods but failed to
propose measures for choosing one EAM based on different research settings. A few other studies
(Calvo and D’Mello 2010; Zeng et al. 2009) mainly focused on physiological EAMs. None of
the studies mentioned above focused on developing criteria for selecting a suitable EAM in the
product design context. Therefore, the current work can be differentiated from the previous ones
in terms of its emphasis on comparing EAMs in the product design context to develop criteria for
selecting a suitable EAM.

A keyword search was conducted in academic databases such as Google Scholar and Scopus
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EEANTY

for peer-reviewed journals using search terms “assessment of emotion,” “product design,” and
“emotional response,” with limitations to subject areas of design, social sciences, and management.
The literature screening criteria were: (a) works written in the English language, (b) published
between January 2000 and December 2020, and (c) full-text availability. The initial search resulted
in the identification of 113 relevant studies. The criteria for the identification were the studies
related to the fields of product design and visual design of products. Furthermore, additional
papers from reference lists of the articles reviewed were also identified. A total of seventeen
methods—broadly categorized into (1) self-report methods and (2) physiological methods—is

selected for the review. Table 2.2 represents the shortlisted EAMs for review.

Table. 2.2: Shortlisted EAMSs for Review

Name of the Method Authors, Year Purpose fﬂtUd'eS 22z el
ethod
1. Self-Report Methods
Semantic Differential Osgood 1957 To capture emotions Footwear Design
(SD) Method evoked by objects, (Alcéntaraa et al.
events, ideas, etc. 2005), Automobile
Design (Warell
2008)
Semantic Environment | Killer 1975 To evaluate the overall Car Interiors
Description (SMB) impression of an (Karlsson,
Method environment. Aronsson, and
Svensson 2003),
Positive Affect and Watson, Clark, To measure the consumer | Aromas of
Negative Affect and Tellegen 1988 | emotional response to Phytonutrient
Schedule (PANAS) products on 20 items Supplements
describing emotions. (Kuesten et al.
2014)
Kansei Engineering Nagamachi 1995 | To identify Seat Design
(KE) “psychological feeling” | (Barone, Lombardo,
people have with objects, [and Tarantino
circumstances, or 2009), Sofa Design
environments (Yamada et al.
1999), Lift Truck
(Schutte, Schiitte,
and Eklund 2005)
Geneva Emotional Scherer 2005 To detect the intensity of | Classification of
Wheel (GEW) one or more emaotions. Emotion expression
on Robots (McGinn
and Kelly 2018)
Self-Assessment Bradley and Lang | To evaluate the pleasure, | Emotional Response
Manikin (SAM) 1994 arousal, and dominance | to colors (Suk &
connected in response to | Irtel, 2008)
an object or event.
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Name of the Method

Authors, Year

Purpose

Studies Based on the
Method

PrEmo Desmet 2002 To evaluate 14 emotional | Design for Wow
reactions to product (Desmet, Porcelijn,
appearances. and van Dijk

2007), Material and
Emotion (Crippa,
Rognoli, and Levi
2012)

Sensorial Quality Bonapace 2002 To establish a link Yacht Design

Assessment Method
(SEQUAM)

between the physical
characteristics of a
product and consumers’
sensorial responses to
them.

(Nicolantonio et al.
2016)

Sensual Evaluation
Instrument (SEI)

Isbister, HO60k, and
Laaksolahti 2006

To use sense of touch to
evaluate emotional state.

Development of a
trans-cultural self-
report measure
(Isbister et al. 2007)

Relative Subjective
Count (RSC)

Picard and Daily
2005

To compare the variance
in the apparent number of
interruptions to the actual
number of interruptions
for assessing the
emotional state.

Stress Monitoring
(R. W. Picard and
Liu 2007)

Cued Recall Debrief
(CRD)

Omodei and
McLennan 1994

To register information
regarding consumer
emotional experiences
without interrupting
consumer-product
interaction.

Users’ Affective
Experiences
(Bentley, Johnston,
and Baggo 2005)

2. Physiological Methods

Eectroencephalography
(EEG)

Britton et al. 2016

To evaluate valance and
arousal dimensions of
emotion by recording

Product Analysis
(Pedro et al. 2019)

brain signals.
Electrocardiography Internation Neural | To measure the heart Video-base Stimuli
(ECG) Network Society | activity to evaluate (Ménard et al. 2015)
2018 emotions.

Electromyogram
(EMG)

Bartlett et al. 2003

To measure muscle
activity to evaluate
emotions.

Automated Emotion
Recognition
(Dzedzickis,
Kaklauskas, and
Bucinskas 2020)
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Studies Based on the

Name of the Method Authors, Year Purpose Method
Galvanic Skin Critchley 2002 To measure skin Use of Image
Response (GSR) resistance to evaluate Stimuli in Emotion

arousal state of emotion. | Recognition
(Udovicic¢ et al.

2017)
Respiration Pattern Egger, Lay, and To measure one’s rate Music and Emotions
(RSP) Hanke 2019 of respiration and (Kim and André
respiration pattern to 2008)
assess emotional state.
Speech Recognition Banse and Scherer | To evaluate variations Neural Networks
(SR) 1996 in the vocal cues to in Emotion
know about the arousal Recognition
dimension of emotion. (Nicholson,

Takahashi, and
Nakatsu 1999)

2.5  Self-Report Methods

The methods in this category follow the “user-centered” design approach in which consumers are
utilized as a designing resource to get a better understanding of their needs, issues, and aspirations
(McDonagh-Philp and Lebbon 2000). The user-centered design approach includes standard
user research techniques such as in-depth interviews and focus groups. In interviews and focus
group techniques, consumers are asked to answer particular questions to discover their opinions,
concerns, and experiences. The consumers are probed to report their own behavior, intentions,
etc., directly, and their responses are taken as inputs for the design process. However, it has
been referred to in the literature that the emotional response to a product is not easy to articulate
(Izard 2009). Thus, interviews and focus group techniques may not be as effective in identifying
a consumer’s emotional needs. Therefore, researchers have adopted some more methods that aim
to investigate consumer emotions as expressed by them. These methods are further categorized
into (1) Verbal Self-report, (2) Pictorial Self-report, (3) Sensorial Self-report, and (4) Recall Self-
report.

2.5.1 Verbal Self-report

In this category of methods, the consumers are asked to self-report their emotional experience in
verbal terms, i.e., in the form of words and adjectives describing their emotional state.

2.5.1.1 Semantic Differential (SD) Method

Osgood’s semantic differential (SD) method is used to capture emotions evoked by objects,
events, ideas, etc. (Ploder and Eder 2015). The SD method consists of a questionnaire that asks
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participants to rate an entity on a multi-point rating scale. The scale has bipolar adjectives such as
happy-sad, desire-disgust, etc., at either end of it and a neutral zero point at the center. Alcantaraa
et al. (2005) employed the SD method for casual footwear perception study. In their study,
participants sit opposite the footwear without touching them, just like looking at a shop window.
The participants are then asked to fill in answers to a questionnaire on a five-point SD scale. Their
study showed that the SD method is suitable in assessing consumers’ perceptions of products.
However, Schifferstein (2010) argues that the SD method based on the verbal representation
of emotions involves language processing. Thus it is more likely that the method evaluates the
affective meaning of objects rather than emotions (Schifferstein 2010).

2.5.1.2 Semantic Environment Description (SMB) Method

The Semantic Environment Description Method (Semantisk Miljo Beskrivning in Swedish),
developed by Kiiller (1975), claims to evaluate the overall impression of an environment such as
a room, a building, or a landscape. The method is seen as an effective way to obtain quantitative
data on important “intangibles” such as consumer emotions. In this method, participants answer a
questionnaire on a semantic scale consisting of thirty-six adjectives. The adjectives are clustered
into eight factors: pleasantness, complexity, unity, enclosedness, social status, potency, affection,
and originality. Although the method is commonly used for the evaluation of environments, it
has been used by researchers to evaluate the overall impression of a vehicle interior (Karlsson,
Aronsson, and Svensson 2003). The study conducted by Karlsson, Aronsson, and Svensson
(2003) showed that the SMB method is easy to administer and flexible enough for cross-cultural
evaluations. While the result of the study has made a significant contribution, the SMB method
is regarded as a method for a specific purpose rather than a more comprehensive and universal

method.

2.5.1.3 Positive Affect and Negative Affect Schedule (PANAS)

Positive Affect and Negative Affect Schedule (PANAS) developed by Watson, Clark, and Tellegen
(1988) is a self-report questionnaire consisting of twenty words (ten positive and ten negative)
that are used to assess emotions. Consumers are asked to describe their state of emotion while
interacting with a product. They represent their emotional state by providing a rating on each of
the twenty words using a 5-point Likert scale. Kuesten et al. (2014) have employed PANAS to
measure consumer emotions associated with aromas of phytonutrient supplements. The study
shows PANAS to be an effective method in the measurement of consumer emotional response to
products. Moreover, the validity and reliability of PANAS have been tested (Watson, Clark, and
Tellegen 1988). Since PANAS is a self-report method, the outcome may get affected as people can
exaggerate or play down their emotions. Moreover, some studies have argued that the PANAS is
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very lengthy or that most of the words used in this method for describing emotions are redundant

(Thompson 2007).

Table. 2.3:  PANAS Words
Interested Irritable
Distressed Alert

Excited Ashamed
Upset Inspired
Strong Nervous
Guilty Determined
Scared Attentive
Hostile Jittery
Enthusiastic Active
Proud Afraid

2.5.1.4 Kansei Engineering (KE)

The concept of Kansei Engineering (KE) was established by Nagamachi (1995). According to
him, the word Kansei means the “psychological feeling” people have with objects, circumstances,
or environments. In KE, consumers are probed to convey their Kansei (psychological feeling)
in words on their interaction with a product. The collection of these words is called “Kansei
Words.” Further, these words are analyzed to determine a correlation between Kansei words
and product features. Any new design is evaluated against these established relations to identify
how close the tested product is to the ideal product. There are numerous studies such as seat
design (Barone, Lombardo, and Tarantino 2009), sofa design (YYamada et al., 1999), and forklift
truck (Schitte, Schutte, and Eklund 2005) that have implemented KE to identify and translate
consumers’ emotional needs for product design. However, most of the studies have used final
product images for evaluation rather than product concepts or actual products (Bongard-Blanchy,
Bouchard, and Aoussat 2013). Thus, KE has a limited scope of influencing the product design
during its development phase.

2.5.1.5 Geneva Emotional Wheel (GEW)

The Geneva Emotional Wheel, developed by Scherer (2005), is a theory-based emotional
experience self-report tool. In this, the participants are asked to report their emotional experience
by rating the intensity of one or more emotions out of twenty distinct emotions arranged in a
circular order. Moreover, the options of “no emotion felt” or “other emotion felt” are also provided.
McGinn abd Kelly (2018) applied the GEW method for measuring perceived emotion on a social
robot and found that the technique has great potential for evaluating emotion. The user-friendly
graphic design of the tool enables participants to quickly report the felt emotion (Scherer et al.
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2013). However, participants may find difficulty in rating the intensity of felt emotion (McGinn

and Kelly 2018).
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Figure. 2.4:

Geneva Emotional Wheel (Source: Scherer, 2005)

Other self-report methods like Conjoint Analysis, Quality Function Deployment, and the Kano

model focus on the consumers’ explicit needs and aspirations, which can be directly expressed

rather than the aspects that are implicit needs like emotional responses (Lokman 2010).

2.5.2 Pictorial Self-report

One of the main limitations of the Verbal Self-report methods is that the results of these methods are

totally dependent upon the participants’ ability to translate the experienced emotions into a verbal

rating. However, it might be difficult for some people because they may not relate their emotional

experience to the verbal rating scale mentioned in the method. Moreover, such methods are tough

to apply in the case of a certain population that is not linguistically sophisticated (Bradley and

Lang 1994). Therefore, to avoid the language dependency of the assessment methods, researchers

have developed self-report methods that utilize the pictorial representation of the emotions. These

methods are grouped in a category called Pictorial Self-report methods. The assessment methods

in this category use anthropomorphic visual cues to represent emotions instead of using words.

Since the pictorial self-report methods are not word-based, the cognitive process of converting

emotional experience into linguistic terms is avoided (Isbister, H60k, and Laaksolahti 2006).

Moreover, these methods can be easily adapted for cross-cultural studies (Desmet 2003b).

2.5.2.1 Self-Assessment Manikin (SAM)
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The Self-Assessment Manikin (SAM) is an emotional response assessment method that uses a
non-verbal pictorial questionnaire. The SAM scale assesses three dimensions of the system of
emotion: pleasure, arousal, and dominance (Bradley and Lang 1994). SAM consists of three sets
of abstract cartoon characters representing the three dimensions. The first set ranges from smiling,
happy character to frowning, sad character for pleasure dimension; the second set of energized,
broad-eyed character to drowsy character for arousal dimension and the third set consisting of a
change in size (small to large) for dominance dimension. The participants are instructed to rate

their reactions to the stimuli on the cartoon character scale.
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Figure. 2.5: SAM Scale for Rating of Pleasure, Arousal, and Dominance Dimensions of the
Emotional System (Source: Bradley and Lang, 1994)

Suk and Irtel (2008) used the SAM rating scale to investigate the emotional response to color
stimuli. The use of the SAM scale for the study was seen to help explain the relationship between
color and emotions. As the method incorporates a non-verbal technique, it has advantages over
a verbal questionnaire, especially in the case of non-English-speaking participants. Moreover,
the method seems to be very quick to administer in different settings (Bynion and Feldner 2017).
However, this method is often not seen in product evaluation studies because of its inability to

measure distinct emotions.

2.5.2.2 PrEmo

Desmet’s (2002) “PrEmo” also is a non-verbal pictorial measuring method developed to evaluate
14 emotional reactions to product appearances. In this method, fourteen different emotional states

are represented by animated characters, and consumers rate the product appearance by selecting
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a particular figure. It is considered the most effective method of measuring emotional response to
the product appearance (Demir 2008). It can be used for the measurement of emotions toward new
designs and has been well-validated cross-culturally (Laurans and Desmet 2017). Furthermore,
the method does not require technical expertise to operate. It can also be used both as a quantitative
and a qualitative tool. In some studies, the method has been used to measure emotional response
to product interaction as well (Desmet, Porcelijn, and van Dijk 2007). Crippa, Rognoli, and Levi
(2012) have employed PrEmo to study the relations between materials and emotions in industrial
products.

Figure. 2.6:  Pictorial Illustrations in PrEmo (Source: Desmet, 2002)

Although the method is seen to be effective in crossing the language constraints, it seems to work
well only to identify intense negative emotions and not so effective in the case of determining
subtle variations between positive emotions (Schifferstein 2010).

2.5.3 Sensorial Self-Report

Consumers examine products through their senses, mainly by sight, touch, hearing, odor,
and taste. The process of evaluation is unconsciously happening during their interaction with
products. The sensory feedback received by consumers generates emotional responses that are
ultimately responsible for shaping purchase decisions. Thus, sensory feedback generated by the
characteristics of a product is an essential aspect of design. Therefore, researchers have developed
several methods that integrate sensory responses generated during consumer-product interaction
to evaluate emotions.

2.5.3.1 Sensorial Quality Assessment Method (SEQUAM)

SEQUAM was developed by Bonapace for FIAT auto with an aim to explore and analyze user-
product interactions and generate valuable data for design purposes. The main objective of this
method is to establish a link between the physical characteristics of a product and consumers’
sensorial responses to them. In this method, consumers evaluate the mock-ups and final product

in phases (like visual, tactile and use) and rate their experience using Likert scales. SEQUAM
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method has been used by Nicolantonio et al. (2016) for investigating visual pleasantness in interior
yacht design. The study showed that the use of SEQUAM provides precise data on users’ likes
and dislikes linked to the physical parts of the product. The findings of their research also offered
guidelines for designers to develop pleasurable products.

2.5.3.2 Sensual Evaluation Instrument (SEI)

Isbister, HO0k, and Laaksolahti (2006) developed the Sensual Evaluation Instrument (SEI), a self-
assessment method that involves the sense of touch for evaluating emotional state. SEI consists of
eight physical objects created, taking inspiration from the Disney flour sack, illustrating emotions
conveyed by an object. For convenience, the crafted items were assigned names as follows: spiky,
pseudopod, anteater, bubbly, stone, doubleball, ball, and barba papa.
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Figure. 2.7:  Disney Flour Sack, an Illustration of Emotions Conveyed by an Object (Left)
and the Sensual Evaluation Instrument Objects (Right) (Source: Isbister, H60k, and Laaksolahti,
2006)

In SEI experimental setup, the participants interact with a computer system. During their
interaction, they are asked to touch the shapes they consider to convey their emotional state.
Further, SEI is used to evaluate a computer game following the same process (Isbister et al. 2007).
The study revealed that SEI helps designers get a general sense of the emotional state of most
participants while playing the game. One of the main advantages of SEI is that it is a non-verbal
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method. Hence, it does not depend on the participants’ linguistic skills, and it can be easily used
for cross-cultural studies. However, SEI does not reveal any particular emotion experienced by a
participant. Also, the eight shapes required to conduct SEI cannot be self-made. Furthermore, SEI

primarily generates more open-ended qualitative data that needs careful interpretation.

2.5.4 Recall Self-Report

Unlike the emotion assessment methods discussed in the previous sections, Recall Self-report
is a memory-based self-report approach developed to avoid biases in a set of questionnaires or
predefined pictures inquiring about the emotional state during the consumer-product interaction.
In the Recall Self-report approach, consumers are not hindered for recording their emotional state
while interacting with a product. Instead, they are probed to report on their emotional state after

the consumer-product interaction is over.

2.5.4.1 Relative Subjective Count (RSC)

RSC is an indirect way of assessing consumers’ emotional state that compares the variance in the
apparent number of interruptions to the actual number of interruptions. This method was developed
by Picard and Daily (2005), taking inspiration from the study undertaken by Czerwinski, Horvitz,
and Cutrell (2001). In this study, consumers are asked to estimate the time they took to perform a
task. The overestimation or underestimation of the time elapsed is then utilized to decide whether
the consumers found the task enjoyable or frustrating. On similar lines, in RSC, a specific number
of interruptions are planned during a task, and the consumers are asked to estimate the number
of interruptions they experienced after the whole task is completed. The estimated number is
then compared with the actual number of interruptions. Picard and Liu (2007) proposed that if
the estimation is less than the actual number, the task was engaging, and the consumers were in
a positive emotional state during the task. On the other hand, if the estimation is more than the
actual number, the consumers found difficulties performing the task, and they were in a negative
emotional state. Though the RSC method is easy to execute, the outcome generated using this
method does not give a clear picture of the specific emotions experienced by a consumer.

2.5.4.2 Cued Recall Debrief (CRD)

Omodei and McLennan (1994) developed the Cued Recall Debrief (CRD) method. In CRD, a
video camera is used to record a consumer’s actions during his/her interaction with a product.
The camera is placed so that the recorded video shows the consumer’s point of view. For this
purpose, a head-mounted camera is used for dynamic tasks (like moving around while doing an
activity), and a screen capture technology is used for static tasks (like performing a computer-

based activity). The aim of capturing consumer’s point of view is that they can re-immerse fully
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when the video is replayed in front of them. As soon as the task is completed, the consumer sits
down with a debrief facilitator and watches the recorded video. The consumer is then probed
to freely articulate his/her thoughts and emotions that occurred during the process. Suppose the
facilitator observes any peculiar reactions performed by the consumer in the video; in that case,
he/she can pause the video and ask the consumer to elaborate on the thinking and feeling behind
those reactions. The facilitator may choose to pause or replay the video to allow the consumer
to comment on any specific moment during the process. CRD generates rich qualitative data
that must be analyzed carefully to get deeper insights into the overall psychological processes.
The main advantage of CRD is that it allows consumers to perform their actions in naturalistic
settings without any interruptions during their interaction with a product. However, the data
generated through the consumer’s articulation of experience needs to be interpreted carefully to
gain a greater understanding. Moreover, the outcome depends upon the expertise of the debrief
facilitator. Further, the ability to recall the thoughts behind actions performed may differ from
person to person.

2.6 Physiological Methods

Physiological methods are a way of assessing emotions by monitoring various human body
parameters and changes occurring in them. For the measurement of these parameters and their
changes, several biosensors are used. The data recorded by these biosensors are then analyzed to
interpret the emotional state of the consumer. One of the main advantages of using physiological
methods in assessing emotions is that the consumers do not have to interpret their emotional
experience. Moreover, the data required for the assessment of emotions can be recorded without
interrupting consumers during their product interaction. The physiological EAMs can be broadly
categorized into contact measurement methods and non-contact measurement methods.

2.6.1 Electroencephalography (EEG)

The electrical activities occurring due to the functioning of a human brain are recorded using the
EEG technique (Britton et al., 2016). In EEG, a device call electroencephalogram is placed on the
human scalp to record the brain signal generated in response to various stimuli. The recorded data
is then processed to evaluate the valance and arousal dimensions of emotion. Pedro et al. (2019)
utilized the EEG method to analyze consumers’ emotional responses to the presentation and use
of certain fashion products. Their study found the EEG method to be helpful for the evaluation of
emotions.

2.6.2 Electrocardiography (ECG)
The electrocardiography (ECG) method is used to measure heart activity in real-time (Haag
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et al. 2004). This heart activity can be used for emotion assessment as the heart is one of the
most important organs and central part of the human body system (Goshvarpour, Abbasi, and
Goshvarpour 2017). The equipment used for ECG is susceptible to noise and other factors such
as the movement of the subject during the procedure. Thus, ECG method can only be applied in
highly controlled environments. Moreover, ECG produces a huge amount of data that experts
must analyze carefully to decode it in emotional terms.

2.6.3 Electromyogram (EMG)

In an electromyogram (EMG), various sensors that measure muscle activity are attached to the
skin. Many times, the emotional response is expressed through facial muscle movements (Bartlett
et al. 2003). One can draw insights into a consumer’s emotional state by measuring these facial
activities. Therefore, in most of the EMG research, the focus is on the analysis of facial expressions.
The EMG measurement usually takes place in two stages: in the first stage, a baseline is defined,
and in the second stage, response to a stimulus is measured. The effect of the stimulus is calculated
as a ratio between baseline value and measured value. The main limitation of EMG is that it does
not detect low-intensity emotions. However, it is effective in the measurement of strong emotional
responses. Moreover, the EMG data analysis is relatively simpler compared to that of EEG and
ECG (Dzedzickis, Kaklauskas, and Bucinskas 2020).

2.6.4 Galvanic Skin Response (GSR)

The galvanic skin response (GSR) or electrodermal activity (EDA) is used to measure the resistance
of the skin. The electrical parameters of human skin vary according to the circumstances without
any conscious efforts (Udovicic et al. 2017). Research suggests that the sweat glands of palm skin
are sensitive to the change in an emotional state. The sweat glands secret moisture when they
become more active. The amount of salt varies due to sweat secretion, and the electrical resistance
of the skin varies (Critchley 2002). The skin electrical resistance increases during a relaxed state
while it decreases in arousal (Villarejo, Zapirain, and Zorrilla 2012). The main limitation of GSR
is the inability to measure the valance level of emotion. Therefore, GSR is often coupled with
another EAM to solve this issue (Dzedzickis, Kaklauskas, and Bucinskas 2020).

2.6.5 Respiration Pattern (RSP)

The velocity and depth of respiration of a human changes according to the experienced emotions.
Valuable data about the emotional state can be extracted by measuring one’s rate of respiration
and respiration pattern. Studies have shown that the respiration rate is around 20 times per minute
when in a calm state, while it becomes forty to fifty times per minute in excitement (Zhang et al.

2017). Research suggests that deep and rapid respiration often shows excitement, while shallow
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and rapid respiration shows tension or fear. Similarly, deep and slow respiration shows a relaxed
state, while shallow and slow respiration shows a negative or depressed state of emotion (Kim and
André 2008). Unlike EEG or ECG, the RSP method is a non-contact method of measurement as
the data can be recorded using a video or thermal camera.

2.6.6 Speech Recognition (SR)

Similar to the RSP method, the speech recognition method is also a non-contact measurement
method. The spoken language, depending upon the way of saying, conveys ample information
about one’s emotional state (Nicholson, Takahashi, and Nakatsu 1999). Thus, speech recognition
(SR) has a lot of potential in emotion assessment. In SR, variations in the vocal cues are analyzed
to know about the arousal dimension of emotion. The vocal cues are the pitch of voice and the rate
of speaking (Banse and Scherer 1996). Williams and Stevens (1972) suggested that loud pitch and
fast pace of speech are associated with positive arousal, while slow rate and low pitch are associated
with negative arousal. However, for evaluating the valance dimension of emotion, researchers still
have no agreement on the effectiveness of SR method (Liscombe 2007). Nicholson, Takahashi,
and Nakatsu (1999) used neural networks to analyze speech and assess emotions. The results
obtained in their study confirmed that emotion recognition in speech could be done effectively

using neural networks.

2.7  Taxonomy of the EAMs in Product Design

To summarize the review of seventeen EAMSs, we propose a taxonomy based on the way of

recording emotion-related information. The same is represented in Figure 2.8.

| Emotion Assessment Methods (EAMs) |

Self-report Mathods | Physiological Methods |

_.I Verbal Self-report I——. *  Semantic Differential (SD) L. * Electroencephzalography (EEG)

*  Semantic Environment Description [ SMB) *  Electrocardiography (ECG)

= Positive Affect and Negative Affect Schedule (PANAS) = Electromyogram (EMG)

*  Kanzei Engineering (KE) *  Galvanic Skin Response (GSR)
+  Geneva Emotional Wheel (GEW) *  Respiration Pattern (R5P)

«  Speech Recognition (SR)

—DI Pictorial Self-report I—D »  Self-Assessment Manikin (SAM)

PrEmo

—D| Sensorial Self-repont I——D = Sepsorial Quality Assessment Method (SEQUAM)

Sensual Evaluation Tnstrament (SET)

—p[ Recall Self-repont I_p +  Relative Subjective Count (RSC)

Cued Recall Debrief (CRD)

Figure. 2.8:  Taxonomy of the EAMSs in Product Design
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2.8 Criteria for Selecting a Suitable EAM

The criteria for selecting a suitable EAM were also identified by way of the review itself. For
instance, Laurans and Desmet (2017) stated that PrEmo is suitable for cross-cultural studies.
In another study, the SMB method was suggested to be helpful in generating quantitative data
(Kiiller, 1975). Therefore, the factors like “suitability for cross-cultural studies” and “usefulness
for generating quantitative data” decided to be some of the selection criteria. All the extracted
criteria were organized in the form of eight questions and the measures on which these questions
could be answered.

Table. 2.4: Identification Criteria

Sr.No. | Questions Measures
1 How does the EAM record the emotion- [+  Self-reported by the participant
related information? » Automated detection of participant’s
physiological parameters
2 What tools or instruments are required to [+ Verbal Questionnaire
record the emotion-related information? |< Pictorial representation of emotions
» Physical shapes representing
emotions
» Biosensors
3 What is the nature of the data that is * Qualitative Data
generated through the application of * Quantitative Data
EAM?
4 What type of products can be evaluated * Product Images
using the EAM? » Physical Products
 Interactive Products on computer/
mobile
5 What are the resources needed? » Pen and Paper
« Computer Software
» Special Equipment
6 When can we employ the EAM ina « During the task
study? » After the task
7 Is the material required to conduct the « Auvailable for free
study usingthe EAM __ ? e Self-made
« Purchased
8 Can the EAM be directly used in « Cross-cultural studies
particular circumstances like__? « Field Studies

All seventeen EAMs are compared based on the criteria mentioned in Table 2.4. The comparison
is represented in the form of a matrix in Figure 2.9.
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2.9  Ceativity and Assessment of Creativity

Based on the literature survey and the interview sessions with industry professionals (mentioned
in section 1.6.2.4), it was pretty clear that the process of designing has become more complex than
it used to be. The rapid pace of change of technology, innovations in materials, requirements of
sizes, shapes, and colors, modern manufacturing methods, quality requirements have all merged
and resulted in a multifold increase in the complexity of a designer’s job. Moreover, modern
consumers consider functionality and usability to be fundamentally existent in the product, and
their search has moved towards satisfaction of higher-order needs, i.e., emotional satisfaction.
Furthermore, the contemporary design industry (especially start-ups) relies heavily on designers’
creative idea generation skills. Although traditional design methods have always assisted designers
in dealing with practical situations and challenges, the complication of contemporary design
concerns is not paid sufficient attention to in these design methods. This situation provides fresh
opportunities to carry out fundamental design research to develop a novel design method that
assists designers in maximizing their creative performance and consider emotional aspects during
idea generation. In view of the research problem, it was felt relevant to review the researchers’

perspective of creativity and adopt the appropriate creativity assessment technique.

2.9.1 Creativity

In the most general sense, creativity is an act of generating something new using original and
unusual ideas. The phenomenon of creativity may produce intangible or tangible outcomes. A
few definitions from the literature describing creativity are reviewed to explore the researchers’

perspectives.

2.9.2 Definitions of Creativity

Torrance, also known as ‘Father of Modern Creativity’, defines creativity as “... the process of
sensing gaps or disturbing, missing elements; forming ideas or hypotheses concerning them; testing
these hypotheses; and communicating the results, possibly modifying and retesting hypotheses”
(1962). Torrance also developed a method for quantifying creativity, popularly known as the
Torrance Test of Creative Thinking (TTCT), in which creativity is given a score level based on

problem-solving ability.
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Communicating Results

Figure. 2.10: Creativity Process (Source: Torrance, 1962)

Amabile (1983) proposed a Componential Model of Creativity based on three main elements,
namely Expertise (domain-specific skills), Creative Thinking Skills (ability to approach a problem
imaginatively), and Task Motivates (inner desire to solve a problem). According to this model, an
individual’s creativity peak is reached when an individual with high domain expertise and high

creative thinking skills, working in a supportive environment, is internally motivated to solve a
problem.

Creative Thinking

Expertise Skill

Creativity .
Motivation

Figure. 2.11: The Three Components of Creativity (Source: Amabile, 1983)
According to Runco and Jaeger (2012), creativity consists of two vital parts, and any one part alone

is not adequate for creativity. These two essential parts are originality and effectiveness. Originality
is novel, unconventional, unique. Originality is essential but not sufficient for creativity. Original
things must be effective to be creative. Effectiveness is usefulness, appropriateness, successful in

producing desired results. Creativity

Orniginality Effectiveness

Figure. 2.12: Essential Elements of Creativity (Source: Runco and Jaeger, 2012)
From the above definitions, it can be stated that creativity is the capability to develop an outcome

that is novel (original), exemplary and useful (suitable for the context).
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2.10  Creativity Assessment

A technique known as the Consensual Assessment Technique (CAT), proposed by Amabile
(1982), has been called a ‘gold standard’ of creativity assessment in research (Carson,2006). The
CAT is considered to be a well-validated tool of creativity assessment, and creativity researchers
have widely used it. This technique is not connected to any specific theory of creativity; thus, its
validity does not depend upon the validity of any theory. Moreover, it is found that the CAT is
independent of gender and ethnicity biases (Baer & Mckool, 2009). The basic idea behind CAT is
that the evaluation of creativity of work is the joint estimate of experts in that domain.

2.10.1 Conducting CAT
The CAT is conducted in two basic feasible steps.
+ First, the subjects are asked to create a work.

« Then, domain experts are asked to judge the creativity of the work that the subjects have
created.

Unlike many other creativity assessment techniques that evaluate the traits or attributes associated
with creativity, the CAT looks directly at the creative outcome that the subjects have produced.
Further, the most reliable assessment of creativity of the produced work is the combined evaluation
of the experts in that field. The experts rate the work independently and are not influenced by other

experts evaluating the same work.

2.10.2 Selection of Experts

Amabile (1982, 1996) has recommended criteria for selecting judges for creativity assessment.
According to Amabile, judges for the assessment should be ‘knowledgeable’ individuals of the
domain in which subjects have produced their work. However, there is no specific mention of
length and type of domain expertise. In literature, various researchers have preferred experts with
varying work experience in the domain. For instance, a study conducted by Yuan and Lee (2014)
considered experts with at least eight years of experience in product design. In comparison, Daly
and colleagues (2016) considered experts with three years of experience in mechanical engineering
product design work. Thus, the question remains: how many years of experience in the field can be
considered as enough to get expertise? The answer to this is more importance should be given to
neutrality and unbiased judgment rather than length of experience (Hennessey, Amabile, Mueller;
2011). If required, little training or guidance could be given to the judges to calibrate their ratings
as reported in the study conducted by Friedrich and Mumford (2009), and judges should be asked
to rely on their expert sense of what is creative in the domain. Amabile (1996) also mentioned that

TH-3089_186105003 53



the judges should be asked to rate the items comparing them within a sample, rather than based on
all the available work in the domain. The judges should not be forced to explain their judgment.

2.10.3 Number of Experts

Amabile (1982) has mentioned the dilemma over determining an ideal number of judges for the
creativity assessment. In literature, some studies have considered as few as two experts (Daly
et al., 2016), while some other studies have gone up to 134 experts (Valgeirsdottir et al., 2015).
However, Cseh and Jeffries (2019) argued that increasing the number of judges above 10 increases
the risk of Type | error (false positive), and decreasing the number of judges below five would
likely cause both Type I and Type Il (false negative) error on inter-rather reliability. Kaufman et
al. (2008) also proposed that the ideal number of judges should be between 5 to 10.

2.10.4 Method of Presentation

If the experts are easily accessible and the number of items to be judged is less, then the creativity
assessment sessions can be easily organized. However, the experts are often situated at different
locations, and they have limited time due to their busy schedules. Moreover, if the number of
items to be judged is more, conducting evaluation sessions becomes tricky. In such circumstances,
new digital platforms can be utilized with a preliminary usability test. Furthermore, Amabile
(1996) suggested that the number of items to be judged should be in a range that does not cause
cognitive overload and can be managed in a limited time to avoid rater fatigue.

2.10.5 Rating Factors

Amabile (1982, 1996) had suggested assessing creativity based on two factors, originality and
appropriateness to the context. Some researchers have considered additional factors as criteria
for judging creativity in the literature. For example, Shah et al. (2003) consider novelty, variety,
quantity, and quality. Christiaans and Venselaar (2005) used technical execution and aesthetic
appeal as additional factors to be judged during the assessment of creativity. For the present
research, the following factors were considered as a measure of creativity. After reviewing several
research studies and understanding their suitability for the current context, these factors were
chosen.

2.10.5.1 Ideation Quality
The quality of ideas can be measured against the following four factors:

* Novelty: Shah et al. (2003) defined novelty as the unusualness or unexpectedness of an idea
when compared to other ideas. In other words, novelty gauges an idea’s obviousness, where
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non-obvious ideas are considered novel whereas obvious ideas are non-novel. Novel ideas
expand the design space and increase the odds of finding fresh, original designs. Thus, the
novelty in idea generation is significant.

« Appropriateness: It is nothing but the relevance of the idea in the given context. The idea will
be effective in producing desired results if it is suitable for the given situation. In the present
study, the appropriateness of an idea would be measured based on its aesthetic appeal as the

study primarily targets creativity in formal (related to shapes) idea generation.

« Elaboration: It is the ability to detail the idea and appropriately label it for clarity. It is measured
based on the amount of detailing done for each idea attribute.

» Surprise: It is the ability to create something that continues to capture the viewer’s eye each
time upon revising. An idea having a surprise factor may not be the most novel or original
idea, but it may be a combination of obvious ideas in an unexpected way.

2.10.5.2 Ideation Variety

Variety ratings are applicable to an entire group of ideas and not an individual idea. Thus, the
measure of variety can be considered for a whole ideation session.

» Variety: Variety is measured as the total number of different ideas created by a subject or a
group of subjects in an ideation session. For the current research, any two ideas were considered
distinct if they differ in their embodiment and details. The measure of variety indicates how
well the design space has been explored, and it is directly linked with the ability to restructure
the problem.

2.10.6 Rating Scale

Though Amabile (1982) explored a variety of rating scales, it appears that the studies favored a
five-point rating scale. In literature, creativity researchers have used rating scales ranging from
three to ten points; however, there is little or no justification for why one scale was preferred over
another. According to Preston and Colman (2000), the optimum rating scale should have between

five and seven points. The present research used a seven point rating scale.

2.11 Discussion and Findings

This chapter reviewed the fundamental terminologies in emotion research to understand and
develop a perspective exploring relationships between design, emotion, and consumer responses.
It involved reviewing and critically analyzing seminal studies, theories, and models previously
proposed in this domain (viz. Emotional Design, Appraisal Theory, Pleasure Model, Technology
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as Experience Framework, and Product Personality Assignment). Based on the review insights,
we enlisted the advantages and limitations of each of the reviewed theories.

The current chapter also presented a comprehensive review of seventeen emotion assessment
methods (EAMS). Each of these methods has its own pros and cons, which were also assimilated
in the present chapter through an extensive review of the existing literature. Furthermore, we have
developed criteria for comparing these methods on eight factors that are manifested in the form
of questions and their associated measures. One can examine an EAM on these identified eight
factors to choose the best method suited for the context of the undertaken research.

The review of literature on creativity and its assessment has evolved into Creativity Assessment
Guidelines (Appendix A) and Creativity Evaluation Sheet (Appendix B) provided to expert judges.
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Chapter 3. Shaping Emotions Framework

3.1 Introduction

Initially, problem-solving was typically considered a logical effort. However, over the past
few years, it appears that a purely logical and rational approach fails to understand the crux of
problem-solving. Creativity is crucial in problem-solving (Haggins, 1994). Haggins describes
the Creative Problem Solving (CPS) process as eight-stage activity: analysis of the environment,
recognizing a problem, making assumptions, generating alternatives, choosing among alternatives,
implementing the chosen solution, and control. Amabile (1983) proposed a five-step model of the
creative process shown in Figure 3.1.

Problem [ Task Response | Response

! P i . 5RO .
Presentation ' regraticn Generation Validation Creative Quicome

Figure. 3.1:  Model of Creative Process (Source: Amabile,1983)

» Problem or Task Presentation: Formulation of a specific problem statement.

» Preparation: Recalling information and solution approaches that appear significant to the
problem at hand.

* Response Generation: Production of alternative solutions are produced.
* Response Validation: Evaluation of alternative solutions.

» Outcome: Selection of a successful solution. No acceptable solution is found, or a conclusion
is drawn that a look back to a previous process step is necessary.

3.2 Shaping Emotions Framework

Inspired from the above model, we propose the shaping emotions framework, as shown in figure
3.2. Each modified element is explained in successive sections.

Expert Judgamant

Auspiamant of
Craativity and klea
Generation Ablcy

Problem | Task
Prasaniation

Response Response
Genaration alidation

Preparation Creative Outcome

Kaation Support Tool

Consumer Emotional
iterpratation of product
o

|

Emotive Form Design Tool based on Figunes.
of Spesch

Figure. 3.2:  Proposed Framework of Shaping Emotions
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3.2.1 Development of Ideation Support Tool

Prior research in idea generation methods has led to the introduction of several ideation tools
and techniques to assist designers in creating new product form ideas. The most widely known
and used method, brainstorming (Osborn, 1953), has been thoroughly studied by various design
researchers to understand its effectiveness in product form ideation. Although these studies shed
light on multiple issues, one inference that can be drawn from them is that the brainstorming
method cannot be directly applied for the emotive form ideation for at least three reasons. First,
brainstorming for problem-solving activity is designed to be conducted in a group session. Thus
the results of the brainstorming sessions hugely rely on the participants’ profile and moderator
action (Carvalho, 2009). Second, the brainstorming method is more of a general problem-
solving technique used in various fields, but it is not designed explicitly for the emotive form
generation context. Third, in a typical brainstorming session, participants use words to express
ideas, whereas designers rely on sketches to convey their thoughts. These factors indicate a need
to study and develop ideation methods for designers, specifically for the emotive form generation
context. However, before examining the existing body of knowledge on the specific context of
emotive form design, we set our objective of the literature review by laying out the following set
of questions.

* What are the existing methods of emotive form design?

» What are the general design principles for such ideation methods?

» What are the goals of and the requirements for these ideation methods?
* What are the pros and cons of these methods?

the following five prominent emotive form ideation methods: (1) Emotion Wheel Approach, (2)
Emotive Form Generation Studio Exercise, (3) EmotiveModeler CAD tool, (4) Clay Shaping
Exercise, and (5) Biomimicry were reviewed and the same are described in the next section.

3.2.1.1 Emotion Wheel Approach

The emotion wheel approach proposed by Curralo (2017) adopts Robert Plutchik’s theory of
primary emotions. The emotion wheel (figure 3.3) presented by Plutchik (1991) divides human
emotions into eight basic or primary categories. These eight primary emotions are joy, trust, fear,
surprise, sadness, disgust, anger, and anticipation. All other emotions experienced by humans are
combinations of these primary emotions. Curralo (2017), in his study, makes use of the secondary
emotions described in the emotion wheel. In this method, design students are randomly assigned

one of the secondary emotions.
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Figure. 3.3:  Plutchik’s Wheel of Emotion (Source: Plutchik, 1991)
Later, the students are asked to sketch their product concepts based on the assigned emotion

and express it through product features. Some of the concepts developed by design students
using this method are shown in figure 2. The method proposed by Curralo is easy to use, and
it helps stimulate the initial thought process regarding emotive form ideation. However, the
forms generated using this method are a too direct and literal representation of assigned emotion.
Moreover, the application of this method did not produce completely new ideas.
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(b) (e) (f)

(d)

(h)

Figure. 3.4:  Chair Form Concepts Developed using Curralo’s Approach (a) Aggressiveness
Chair; (b) Awe Chair; (c) Love Chair; (d) Optimism Chair; () Contempt Chair; (f) Disappoint-
ment Chair; (g) Remorse Chair; (h) Submission Chair (Source: Curralo, 2017)

3.2.1.2 Emotive Form Generation Studio Exercise

This method is a part of an introductory course in product form and aesthetics conducted in IDC
School of Design, IIT Bombay (Chakravarthy, 2014). In this method, students are asked to select
an emotion of their choice and then collect imagery representing the chosen emotion. Later they
are asked to extract elements from the images that are responsible for generating the selected
emotion. These elements are then explored into clay models, and the final form is made in PU
foam. This method is quite similar to the traditional way of generating product form ideas. As the
method involves making physical models of form, tangible interaction with the product forms
is possible during the form development process. However, the form outcome depends on the
designer’s ability to extract elements from the inspiration image. Moreover, a designer adopting

this method needs to possess model-making skills as well.

(d)

Figure. 3.5:  Studio Exercise Method Steps (a) Inspiration Image, (b) Clay Explorations, (c)
PU Foam Explorations, (d) Final Form (Source: Chakravarthy, 2014)
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3.2.1.3 EmotiveModeler CAD tool

The EmotiveModeler CAD tool developed by Mothersill (2014) makes use of 3D modeling
software in form ideation. In this method, designers can manipulate the intensity of emotion
words on the scale created by the researcher. The CAD tool quickly generates 3D forms based
upon the selected emotion intensity. The method is easy to use and quite helpful in developing
a lot of form variations quickly. However, the generated forms are dependent upon the software
coding previously done by the researcher, and there is little scope for changing this set of rules
based on the context. Moreover, form ideas can be created for only a limited set of products
predefined in the tool. Further, the method does not test the creativity of a designer.
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Figure. 3.6:  Bottle Form Generated using EmotiveModeler (left) and Software Interface
(right) (Source: Motersill, 2014)

3.2.1.4 Clay Shaping Exercise

Clay shaping exercise was proposed by Melcer and Isbister (2016) to generate emotive forms.
In this method, Russell’s circumplex model (figure 5) of emotion is adopted. The participants
are allowed to choose any one emotion, and then they are asked to create a clay shape depicting
the selected emotion. They are asked to think aloud while performing the task describing their
thoughts, actions, and feelings. In this method, the tactile manipulation of form is possible.
However, participants need to have clay model-making skills. In the study conducted by Melcer
and Isbister, it was found that Participants pointed out mismatch between their intended form and
what had come out at the end of the exercise.
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Figure. 3.7:  Russell’s Circumplex Model (left) and Results of Clay Shaping Exercise (right).
(Source: Melcer and Isbister, 2016)

3.2.1.5 Biomimicry

Biomimicry is a method of mimicking forms, colors, and behaviors from natural life (Janine, 1997)
to enhance product quality. Wu and Chen (2015) investigated the emotions elicited in consumers by
biomimetic products. The study conducted by Wu and Chen (2015) utilized kitchenware items for
the investigation. The kitchenware item forms were modified to create stimuli incorporating three
types of biomimetic features, namely, plant features, human contours, and human facial features.
Each stimulus had a different level of biomimetic form features ranging from least concrete to
very concrete. The study adopted Mehrabian and Russell’s (1974) emotional assessment paradigm

(pleasure and arousal dimensions) to inspect the consumers’ emotions.

Degree of concrete level Type of Biomimicry

Plants Human contours Humanoid Faces

Ll
Very abstract

L2

Abstract

L3
Concrete

L4
Very concrete

Figure. 3.8:  Stimuli incorporating plant features, human contours, or human facial features.
(Source: Wu and Chen, 2015)
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The study revealed that the use of biomimicry is an effective way of influencing consumers’
emotions. Moreover, the study showed that the emotions elicited in consumers by concrete
bimimetic features are greater than those evoked by less concrete features. While the study can
help designers to develop emotive product forms using biomimicry, it does not guide designers in
choosing appropriate inspiration for form ideation. Instead, the designers have complete freedom
of randomly selecting any inspiration from natural life. The random selection of inspiration for
generating emotive form may result in an unintentional transfer of form features that elicit negative
emotions in consumers.

The review of these existing emotive form generation methods revealed that a new ideation
method is needed, which assists designers in emotive form generation. Therefore, in the current
study, we develop an emotive form ideation technique for product designers. While developing
the new method, the following design considerations were taken into account: (1) the new method
should be easy to comprehend, (2) it should be easy to use, (3) it should provide a structure way
of form ideation, and (4) it should not produce results dependent on additional skills like model-
making, knowledge of 3D software.

3.2.2  Several Seminal Idea Generation Techniques with their advantages and limitations

Idea generation involves creating a wide range of alternatives, out of which a few can be chosen
later on to develop a potential solution. Several tools for creative idea generation have been
described in the literature. Haggins presents 70 creativity tools for the same. Kumar (2013),
Amabile (1983), Mycoated website have also described more than 50 tools to generate ideas
creatively. Out of these tools, the most commonly used and popular tools listed below have been
considered to further analyze and compare.

Table. 3.1:  Popularly used Creativity Tools for Generating Ideas

Stage of Creativity Process Creativity Tools

Generating ldeas Brainstorming, Mind Mapping, Analogies,
Attribute Listing, Morphological Analysis,
Visual Stimuli, SCAMPER

3.2.2.1 Brainstorming

One of the most widely used design methods for idea generation is brainstorming. Osborn (1953)
coined the term ‘brainstorming’ for a problem-solving activity done in a group. Generally, a
brainstorming session is conducted in a small group of people from diverse areas. In brainstorming,
a pool of creative ideas is generated by every group member simultaneously to solve a particular
problem. This helps to create a large number of ideas quickly. However, Diehl and Strobe (1987),
through their study, found that the number of ideas generated in a group brainstorming is far less
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than that of an individual working separately. According to Kohn and Smith (2011), the drop in
efficiency of group brainstorming is since members may get fixated on the ideas proposed by
others in their group. Moreover, individuals may also perceive that the ideas presented by others
are superior to their own ideas.

3.2.2.2 Mind Mapping

The Mind Mapping method was first published in 1974 by Tony Buzan and used in 1950 by Allan
M. Collin. In this technique, a spider diagram is created representing the connections of topics
and sub-topics, a preferred fundamental objective to make an ordered visual representation. The
connections represent the associations and affinities of various ideas, areas with the central theme
and help to establish new links between them. This technique is a systematic and highly structured
approach to creative problem solving, which serves to obtain patterns and recognize hidden
opportunities in order to find solutions. However, the literature (Dorst & Cross, 2001) suggests
that design problems are often highly unstructured and poorly defined in the initial stages. Thus
mind mapping might be more suitable for clearly defined, highly structured problems.

3.2.2.3 Analogies

An analogy is a comparison of two dissimilar things that are shown to have some similarities. In
analogy technique, generally, an item in a familiar domain of understanding is compared with a
problem situation. This association can be a powerful way to create out-of-the-box ideas. However,
designers may not always have appropriate and well-structured prior knowledge of a certain thing
associated with the problem situation.

3.2.2.4 Attribute Listing

Attribute Listing is a technique in which the attributes or characteristics of an object, problem,
or task are systematically listed down. Further, each listed attribute or a group of attributes is
analyzed so that they can be modified and combined in as many ways as possible. Finally, the
developed ideas are reviewed, insights are generated for the best possible solution, and suggested
alternatives. To summarise, attribute listing is a technique that might be suitable for suggesting
improvements or enhancements in the objects or situations to solve a problem.

3.2.2.5 Morphological Analysis

Zwicky (1969) developed the method of morphological analysis. In this method, a product or
service to be transformed is selected. Further, a matrix consists of features or attributes of the
chosen product or service on one axis and changes in words such as verbs, adjectives, adverbs,

etc., on the other axis. A third axis may also be created with some other relevant vital parameters.
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Finally, one or more factors on the feature axis are analyzed against the change words and key
parameters axes to develop new ideas. The key is to choose elements in such a way that novel
insights are discovered in the problem area. Using this method, a number of ideas can be generated
in a quick time. Moreover, the process can be done either individually or in a group. However, it is
argued that the approach in this technique is too structured, which hampers free, creative thinking.
Furthermore, there are no specific guidelines for combining the factors on one axis with those on
other axes. Also, these combinations are based on pure judgment, thus prone to errors and weak
outcomes.

3.2.2.6 Visual Stimuli

Several studies in design have highlighted the importance of the use of visual stimuli in creative
idea generation (Hanington, 2003; Muller, 1989; Tovey, 1992). Casakin (2005) and Malaga
(2000), in their research, have found out that the use of a collection of images could help to tackle
loosely defined problems and stimulate creative ideation. The visual stimuli technique involves
forming associations between available images and problem situations. This process triggers the
designer’s creative thought process and proposes new rich possibilities by putting images and
ideas together that are usually unrelated. This tool seems to have the potential to be used for the
present study. The only challenge seems to be asking subjects to gather images and make them

aware of visual relations through association.

3.2.2.7 SCAMPER

SCAMPER is an idea generation technique that stimulates designers’ creative thinking by asking
them to look at the given product or problem situation through seven different provocative lenses.
These seven lenses are Substitute, Combine, Adapt, Modify, Put to another use, Eliminate, Reverse.
In this technique, first, a product, service, or problem situation to be improved is taken as a starting
point. Then, the designers are asked to go down the list of seven lenses and think about questions
regarding each of them. The questions could be as follows:

» Substitute: What else? Different material? Different process? Different features?
» Combine: Unite objectives? Ideas? Uses? Resources?

» Adapt: Other ideas for inspiration? Another purpose?

« Modify: Change shape? Material? Look?

» Put to another use: New use? Somewhere else?

« Eliminate: Remove parts? Features? Rules?
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* Reverse: Opposite? Upside down? Swap? Change order?

It is argued that this technique has a limited and narrow focus on specific words of the acronym.
Moreover, using this method, only incremental improvements or enhancements might be possible
in the existing product or problem situation and might not be helpful to move beyond obvious
ideas.

Table. 3.2:  Summary of Creative Ideation Tools (advantages and limitations)

Creativity Tool Advantages Limitations
Brainstorming Widely known technique Group brainstorming might

i be less efficient than the
It can be used in a group as

o individual one
well as individually

Collaborative fixation
Can generate a large number

of ideas in a short span Less number of original and

variety of ideas
Mind Mapping Creates a visual overview of a | Highly structured technique

complex problem situation ) .
It can be time-consuming to

One can quickly obtain create a good mind map

atterns, organize information ‘
4 9 It may be challenging to apply

and focus on the essential
for a completely new area

things in a problem area . . .
with no prior information

Analogies A powerful way to create Needs appropriate prior

novel ideas knowledge of one of the

: . things with which the problem
May generate interesting

- situation is supposed to be
insights that would have never PP

i i shown similarly with
occurred in typical ideation

Attribute Listing A complex problem situation | It might only suggest

is broken down into parts moderately incremental

. . improvements in the existing
It might be easier to analyze

. situation
and explore the problem in

parts and subparts
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Creativity Tool

Advantages

Limitations

Morphological Analysis

A large number of ideas can
be generated in a quick time

It can be done either in a

group or individually

Too structured approach

May hamper free, creative
thinking

Prone to errors as it is based

on pure judgment

Visual Stimuli It can be handy to tackle Might face difficulty in
loosely defined problems associating problem situations
.. with images

Produces novel, original,
variety of ideas
Can create a fundamental shift
in perspective
Disrupts the system

SCAMPER Ideation may lead towards an | Too narrow focus on a limited

entirely new direction set of words related to the

T acronym
Flexibility in usage y

Highly structured approach

Only incremental
improvements in the existing

situation

To sum up, all the creative idea generation tools examined here are significantly useful for the
ideation process. However, none of them can be termed as an ultimate solution. Each one has
several pros and cons. Considering the focus of the current study on improving the creative
performance of young designers during ideation and design students and novice designers as
potential users of the tool in their ideation stage and create ideas that appeal to consumers at the
emotional level, the analogy technique seems to be more promising to suit the current research.
This tool might need to be modified or combined to form a new tool that can serve the purpose of
the present study.

3.2.2.8 Design-by-Analogy

An analogy is generally defined as the “illustration of an idea using another familiar idea that is
similar or parallel to it in some significant features’ (World of the Body, 2003; Literary Dictionary,

2004). Design-by-analogy is seen as a promising tool for developing innovative design (Leclercq
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& Heylighen, 2002; Christensen & Schunn, 2007; Linsey et al., 2009), especially during the
ideation phase, where new design ideas take shape. Linsey et al. (2009) claimed that analogy
is a comparison between two domains that generate new connections and encourage building
fresh insights. Designers can tap this to produce creative designs. The design of the VW Beetle
automobile form and George Mestral’s invention of Velcro are some of the most cited examples
of Design-by-analogy.

Source Target Source Target
Domain Domain Domain Domain

.

Design of VW Beetle automobile Design of Velcro

Figure. 3.9:  Examples of Design-by-Analogy

The design community has already realized the power of design-by-analogy, and various methods
have been developed to use analogy within the design process. Some of the examples of such
methods include Synectics (Gordon, 1961) — use of four types of analogies to solve problems:
personal (be the problem), direct (functional or natural), symbolic and fantasy analogy; inspiration
from nature (French, 1988); Biomimetic Concept Generation (Hacco & Shu, 2002) — methods
utilizing biological phenomenon for concept generation; the WorldTree method — (Linsey et al.,
2008) — a search for hypernym and troponym for analogies; the Functional and Flow basis (Hirtz
et al., 2002) — similar and dissimilar product function and process exploration. These methods
have been used with some success. Limitations of each method are listed in the table below.

Table. 3.3:  Methods for Design-by-Analogy and their limitations

Method Working Limitations
Synectics (Gordon, 1961) use of four types of analogies | Much effort is required to
to solve problems keep the focus of the group

discussion on the task at hand
personal (be the problem), 1SS >

. . to get the desired outcome
direct (functional or natural), g

symbolic, and fantasy analogy

Performed in groups
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Method Working Limitations
Inspiration ~ from  nature | methods utilize biological restrictive sometimes as

(French, 1988) phenomenon, examples from | inspirations are drawn only

L nature for concept generation | from the natural world
Biomimetic Concept

Generation (Hacco & Shu,

2002)
the WorldTree method (Linsey | a search for hypernym and Difficulty in finding the

et al., 2008) troponym for analogies correct category and
generalized verb describing

the form/function
Functional and Flow basis | creating abstracted functional | Related more to the

(Hirtz etal., 2002) models of concepts and functionality rather than form
comparing the similarities

between their functionality

Moreover, it has been found that analogous design sometimes has a restrictive effect in idea
generation (less number of different ideas are generated) (Smith et al., 1993), and even unintentional
transfer of negative design features may occur (Janson & Smith, 1991). Therefore, it is essential
to choose analogies wisely in order to avoid hindering effects in innovative design ideation. All
the above methods keep the designer in charge of selecting analogies that may not always be
beneficial as finding relevant analogies is often difficult. Instead of selecting analogies randomly,
we propose a method to systematically select analogies. The proposed method takes inspiration
from Figures of Speech in the English language.

3.2.3 Proposed Emotive Form Design Tool using the Principle of Design-by-Analogy

Osborn (1953) suggested that the innovative solution emerges on breaking out of a conventional
pattern, either perceptual or cognitive, which unlocks the way for a broader range of alternatives.
The mind works on a pattern that leads to solving a problem under the influence of prior knowledge
and may affect creativity. Therefore, we propose a unique method of ideating product forms that
uses figures of speech in the English language. Though there are several Figures of Speech in
English, it was found that only six of those irony, hyperbole, zoomorphic, chiasmus, alliteration,
and simile, could be associated with product forms. The same is explained below with examples.

Table. 3.4:  Use of Design-by-Analogy to Develop a New Form Ideation Method

Source Domain Target Domain
Figures of Speech in English Product Form Design
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Source Domain Target Domain
Irony Examples of Existing products for each Figure

Hyperbole of Speech
Zoomorphism

Chiasmus
Alliteration
Simile

The selected six Figures of Speech are conceptualized in a way to fit into the context of product
form design. The idea is to keep the essence of each Figure of Speech intact while molding it for

use in the form design context

Table. 3.5:  Figures of Speech in English and their Meaning in the Current Context

Figures of Speech Contextual Meaning

Irony Form Incongruity

Hyperbole Form Exaggeration

Zoomorphism Animal/human-like Form

Chiasmus Reverse Form

Alliteration Form Repetition

Simile Comparison of common characteristics (related
to form/function)

3.2.3.1 lIrony — Form Incongruity

Contextual Definition: Inconsistency between what is anticipated or envisioned and what really

happens in terms of form.

e 4
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(;;) (b) (c)

Figure. 3.10: Irony Examples (a) Cyclehoop Car-shaped Bike Rack, (b) Plopp Stool, (c) Toga
Chair

In example (a), parking is meant for bicycles; however, it has been intentionally given a form of

a car. Similarly, in example (b), Plopp Stool, the form gives an impression of inflatable material,

but it is actually made up of steel. In example (c), Toga Chair, it appears as if a cloth is hanging on

a wooden chair frame; however, one can actually sit on that chair.
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3.2.3.2 Hyperbole — Form Exaggeration

Contextual Definition: Recognizable and intended exaggeration of an object beyond its typical

form.

(a) (b) (c)

Figure. 3.11: Hyperbole Examples (a) Spring Stool, (b) Pepelkus Outdoor Cigarette Recepta-
cle, (c) Pencil Lamp

Here, everyday mundane objects are internationally exaggerated beyond their standard form. In

example (a), Spring Stool, the forms of screw, nut, and spring are excessively amplified. Similarly,

form exaggeration is the principle in examples (b) and (c).

3.2.3.3 Zoomorphism — Animal/human-like Form

Contextual Definition: Giving an object animal/human-like formal qualities or traits.

(a) (b)

Figure. 3.12:  Zoomorphism Examples (a) Firephant, (b) Kastor Sharpener, (c) WooBi Lamp
In all the three examples (a), (b), and (c), shown in figure 3.12, the forms are inspired by animal
or human forms. In example (a), Firephant, the form of a fire extinguisher, is inspired by form

of an elephant. In example (b), Kastor Sharpner, the form is driven from form of a bever animal.
Similarly, in eample (c), WooBi Lamp, form of children playing in the rain, has an influence on

the lamp design.

3.2.3.4 Chiasmus — Reverse Form

TH-3089_186105003 71



Contextual Definition: Formal features are arranged in reverse/upside down/inside out.

(a) (b) (c)

Figure. 3.13: Chiasmus Examples (a) UnBrella, (b) Garbage Watch, (c) Inside Out Champagne
Glasses

In example (a), UnBrella, the structure of a typical umbrella is reversed. Similarly, in example (b),
Garbage Watch, the internals of a wristwatch are intentionally made visible. In example (c), the

Champagne Glasses are designed as inside out.

3.2.3.5 Alliteration — Form Repetition

Contextual Definition: Repeating the same or similar form module to create the whole object.

(a) (b)

Figure. 3.14: Alliteration Examples (a) Chaise Lounge, (b) Love Me Love Me Not Table, (c)
Sparks Pendant Lighting System

In all alliteration examples shown in figure 3.14, one or two same elements are repeated multiple
times to arrive at the overall product form. In example (a), the cylindrical seat cushion part and the
vertical support are the common elemtns that are repeted multiple times. In example (b), the petal
is shaped feature is repeated to form a table. Similarly, in example (c), a tree branch-like structure

Is created by repeating conical lights.

3.2.3.6 Simile — Comparison of common characteristics (related to form/function)

Contextual Definition: Comparing forms of two objects which have one or more common

characteristics.
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Figure. 3.15: Simile Examples (a) Digital Hourglass Watch, (b) Wineglass Chair, (c) Samurai
Umbrella

(a) (b) (c)

In example (a), the common characteristic is the measurement of time. The form of a typical sand
clock is given to a digital wristwatch based on this common characteristic. In example (b), the
principle is holding something stably, holding a drink in a wine glass, and holding a person on a
piece of furniture. In example (c), the common theme between the two products is protection—
Samurai Sword for protection against enemies and umbrella for the protection against rain.

ALLITERATION

Repeating same or
similar form
module to create
the whole object

Chaise Lounge Love me love me not
Table

® ® ®

Figure. 3.16: Alliteration Card
The emotive form design method devised using Figures of Speech in English is developed in a card-

based tool called Figures of Speech (FoS) Card Tool (Appendix-E). The reason behind making it
a card tool is that the card tools are simple to understand and easy to manipulate. Physical cards
make the design process visible and less abstract (Lucero & Arrasvuori, 2013; Lafreniere, Dayton,
& Muller, 1999). Moreover, they serve as a tool to communicate while designing in ateam. In FoS
Card Tool, there are six cards, one for each selected figure of speech. The cards are color-coded
so that they can be easily distinguished from each other. Further, each card has four parts (shown
in figure 3.16). Part (1) has the figure of speech and its contextual definition. The following parts
(2), (3), and (4) have images of existing products that fit into the contextual meaning of the figure
of speech. Moreover, the names of each product are written below its image. Though there are
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several types of card-based tools used in product design, none of the existing ones focus on
emotive form ideation. Furthermore, none of the existing card-based tools use figures of speech

in product form ideation.

3.3 Design for Interest

The present study explores possibilities to design product forms that evoke consumer ‘interest’, a
specific positive emotion. The emotion ‘interest’ has been decided to be appropriate for the current
study based on the following rationale:

« Several seminal studies in emotion psychology (Plutchik, 1980; Schere, 2005) argued that
‘interest’ has all the attributes to be characterized as an emotion.

+ Interest emotion is often observed during product experience (Desmet, 2002).
» Interest motivates people to try out new, unfamiliar things (Silvia, 2008).

+ Interest motivates engagement (Renninger et al., 2015), and our ultimate aim is also to initiate

consumer-product engagement through product form.

The study investigates prior work from emotion psychology to discuss the conditions for eliciting
interest and conceptualize and operationalize ‘interest” emotion so that a clear, concise definition
of ‘interest’ is formed for the current context of product design.

Conceptualization and Operationalization of Interest Emotion

The literature is reviewed to seek answers to the following queries:
*  What is the ‘interest’ emotion?

+ What makes something ‘interesting’?

Several research studies describe interest as a primary emotion (Izard, 2007; Silvia, 2008; Tomkin,
1962). According to Izard (1977), interest is often experienced by humans in day-to-day life. The
interest emotion drives curiosity, exploration, and discovery (Silvia, 2012). Interest motivates
people to engage in things that are new, unique or unknown. Although sometimes unfamiliar things
can be terrifying; people experience them to learn something new. The simple fact of knowing or
learning a new thing gives them pleasure. Furthermore, the effect of interest is engagement and
exploration. People will explore and think about the new and intriguing thing, be it an interesting

object, person, or idea.

The definition of interest emotion evolved through the literature for the current context as ‘an
emotional state when you encounter something new and fascinating that you do not understand
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immediately. You engage with that interesting object, spend more time in understanding and

processing it.’

Research studies claim that the characteristics of novelty, complexity, unfamiliarity and
unexpected nature of things are some of the key contributors to evoke interest (Berlyne, 1960;
Hidi & Renninger, 2006; Silvia, 2008). Silvia (2005) proposed that the interest emotion has
two key attributes: novelty-complexity and coping potential. Novelty complexity deals with the
new, unexpected, complex, mysterious, and hard nature of the stimuli, whereas coping-potential
Is associated with the sufficient knowledge and skill one possesses to deal or operate with the
stimuli. Silvia’s approach was adopted for the current study as it explains the underlying principles
of interest emotion. However, the current study does not involve any physical interaction with
the stimuli. Thus, the component of coping-potential is not applicable in the present context. In
another study, Hasio and Chen (2006), demonstrated that the fundamental dimensions of emotional
response to product shapes include trend factor (T), complexity factor (C), and potency factor (P).
The complexity factor in this study by Hasio and Chen (2006) is similar to the novelty-complexity
dimension discussed by Silvia (2005). Moreover, the potency factor (P) is similar to the coping-
potential mentioned by Silvia. Therefore, the third factor that is trend factor (T) or trendiness is
considered to be relevant attribute for the current research context. Trendiness is the degree of
determining whether the form is traditional or modern. Thus, the key attributes constituting in
eliciting interest through product form are Novelty (N), Complexity (C), and Trendiness (T). Our
intent is to investigate these three factors representing interest.

The studies investigating the relationship between product form and emotional response have used
variety of emotional assessment methods (EAMS) for a wide range of products and assessment
conditions. The current study uses ‘the comparison matrix for identification of useful EAM based
on research context’ (Vaidya & Kalita, 2021) to identify a suitable method. Semantic Differential
(SD) method is found to be relevant for the current study on the basis of the comparison matrix.
The SD method consists of a questionnaire that asks participants to rate an entity on a multi-
point rating scale. The scale has bipolar adjectives at either end of it. Many studies have used SD
method for their own set of adjective pairs based on the research requirements. The adjective pairs
used for the current study for each indicator are as mentioned in the table 3.6.

Table. 3.6: Indicators and Associated Adjective Pairs
Indicator Adjective Pair
Novelty Typical-Unique
Complexity Simple-Complex
Trendiness Traditional-Modern

A set of experiments were planned to validate the proposed shaping emotions framework with a
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fourth-year undergraduate class and a first-year post-graduate class of product design. The design
of experiments for testing the framework and validation through statistical analysis is presented
in Chapter 4.

3.4  Discussion and Findings

The FoS card tool developed in the current study and described in this chapter is a structured
approach for emotive product form ideation. The proposed tool is devised based on the principle
of Design-by-Analogy, in which the source of inspiration (source domain) is six Figures of Speech
in English and the target domain is the product form design. The developed technique is a card-
based tool representing the contextual meaning of each of the six Figures of Speech and existing
product design examples associated with them. The FoS cards work as a source of inspiration
representing textual and visual cues for emotive form ideation.
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Chapter 4. Validation of the Proposed Framework

4.1 Introduction

This chapter aims to present the results of the statistical analysis of the quantitative data gathered
from this research. First, the data was analyzed for the treatment and design-specific agreement
between the consumers’ ratings and the designer’s ratings for the interest emotion attributes of
Novelty, Complexity, and Trendiness. This was done to answer the third research question and test
the hypothesis that claims there is no significant effect of the Figures of Speech (FoS) card tool on
the congruity of interest attributes’ rating of a concept by consumers and the same by the designer.
Secondly, the data were analyzed for the effect of the intervention on idea generation ability and
creativity of designers. This was done to answer research questions 1 and 2.

4.2  Planning of Experiments

A set of experiments was planned to answer the third research question associated with the treatment
and design-specific agreement between the consumers’ rating and the designer’s ratings for the
interest emotion attributes of Novelty, Complexity, and Trendiness. Two experiment sessions
(session duration 3hours each) were planned as part of the research experiments, with a gap of
4 weeks between the sessions. In the first experiment session, the participants ideated without
the support of the FoS card tool (Treatment 1), while in the second experiment session, the same
participants ideated with the FoS card tool (Treatment 1). In both the experiment sessions, the
participants were asked to design form of a portable/Bluetooth speaker that would evoke interest
emotion in the consumers. The rationale behind the choice of a portable/Bluetooth speaker as a
test product is explained in the subsequent section.

One hundred seven students from the Department of Design, IIT Guwahati, and National
Institute of Design, MP participated in the experiment session (75 students from the fourth-year
undergraduate class of Bachelor of Design and 32 students from the first-year postgraduate class
of Master of Design). The final concepts generated during both the experiment sessions were
screened in two stages. A team of three research scholars at 11T Guwahati screened the concepts
based on the criteria mentioned below.

In the first stage, the concepts were screened using inclusion criteria: (a) participated and
developed concepts in both the sessions, (b) complete concept sketch, (c) interest attribute rating
on the concept sketch. In the second stage of screening, each concept is shortlisted based on the
criteria: (a) Originality — the concept is different from existing, (b) Workability — the concept can
move from ideation to prototype, (c) Elaboration - level of detail, and (d) Relevance — the concept
relevant to the current research context.
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The team of three research scholars discussed each concept and screened it using the criteria
mentioned above, and 28 concepts (from 14 participants) remained after the screening.

The same 28 concepts were then converted into 3D CAD models and rendered in grayscale.
The rendered images were then shown to 34 consumers in an online survey. Consumers then
rated each concept on the interest emotion attributes of Novelty, Complexity, and Trendiness on a
seven-point semantic differential scale. The purpose of converting sketches into CAD models was

to avoid bias in the consumer rating due to the sketching quality. These 28 concept sketches along

with the associated 3D rendered model, are included in Appendix — D.
.

Figure. 4.1:  Ideation Session with Design Students
To answer research questions 1 and 2, five experts then rated the same 28 concepts for creativity

and idea generation ability assessment. The factors considered for this rating are mentioned in
Appendix — A and the details of expert evaluators are mentioned in Appendix - C.

4.3 Choice of Test Product

Industrial design encompasses many product categories like furniture, home appliances, toys,
automobiles, and so on. We decided to focus on mass mass-produced, small electronic devices
and home appliances in the current study. An online survey was conducted among Indian youth
(age 18 to 29) (Youth in India, 2017) to determine the most used or most purchased electronic
devices/home appliances by Indian Youth. In the survey, 86 participants from 11 major cities in
India recorded their responses. The responses were collected on a list of the 20 most commonly

used electronic devices mentioned in the table.

Table. 4.1: Most commonly used electronic devices

Electric Iron Electric Kettle
Table Lamp Trimmer

Mixer Grinder Microwave Oven
Bluetooth Speaker Room Heater
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Hair Dryer Table Fan
Water Purifier Coffee Maker
Digital Camera Air Purifier
Pen Drive Hand Blender
Water Heater Pop-up Toaster
Laptop Television

The analysis of the survey data showed that the following three are the most used or most purchased
electronic devices/home appliances by Indian Youth.

» Pen Drive
» Laptop

« Bluetooth Speaker

Out of the three devices mentioned above, Bluetooth Speaker appears to be the object where the
exercise of form design would show exciting results. Therefore, Bluetooth Speaker was decided

to be the choice of the test product.
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Figure. 4.3: 3D CAD renders of Bluetooth Speaker Concept Sketches

4.4  Hypotheses

Based on research gap 1, the authors formulated a hypothesis that has been broken into six working

hypotheses. These were:
Hypothesis:

In the context of product form design, the use of the Figures of Speech (FoS) card tool might
significantly affect the congruity of interest emotion attributes’ rating of a concept by the designer

and consumers.

Working Hypothesis 1:
Null Hypothesis 1 (H,):

There is no significant difference between the ratings of consumers and ratings of the designer on
the Novelty attribute for a design concept in Treatment T1.

Alternate Hypothesis 1 (H,,):
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There is a significant difference between ratings of consumers and ratings of the designer on the
Novelty attribute for a design concept in Treatment T1.

Working Hypothesis 2:
Null Hypothesis 2 (H2):

There is no significant difference between ratings of consumers and ratings of the designer on the
Novelty attribute for a design concept in Treatment T2.

Alternate Hypothesis 2 (H,,):

There is a significant difference between ratings of consumers and ratings of the designer on the
Novelty attribute for a design concept in Treatment T2.

Working Hypothesis 3:
Null Hypothesis 3 (Hs):

There is no significant difference between ratings of consumers and ratings of the designer on the
Complexity attribute for a design concept in Treatment T1.

Alternate Hypothesis 3 (H,,):

There is a significant difference between ratings of consumers and ratings of the designer on the
Complexity attribute for a design concept in Treatment T1.

Working Hypothesis 4:
Null Hypothesis 4 (Ha):

There is no significant difference between ratings of consumers and ratings of the designer on the
Complexity attribute for a design concept in Treatment T2.

Alternate Hypothesis 4 (H,,):

There is a significant difference between ratings of consumers and ratings of the designer on the
Complexity attribute for a design concept in Treatment T2.
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Working Hypothesis 5:
Null Hypothesis 5 (H,):

There is no significant difference between ratings of consumers and ratings of the designer on the
Trendiness attribute for a design concept in Treatment T1.

Alternate Hypothesis 5 (H,,):

There is a significant difference between ratings of consumers and ratings of the designer on the
Trendiness attribute for a design concept in Treatments T1.

Working Hypothesis 6:
Null Hypothesis 6 (He):

There is no significant difference between ratings of consumers and ratings of the designer on the
Trendiness attribute for a design concept in Treatment T2.

Alternate Hypothesis 6 (H,,):

There is a significant difference between ratings of consumers and ratings of the designer on the
Trendiness attribute for a design concept in Treatment T2.

45  Experiment Design

The experimental design consisted of two treatments: Treatment 1- Ideation session without the
support of ideation tool (FoS card tool), and Treatment 2- Ideation session with the support of
ideation tool (FoS card tool). The entire experimental design is explained in Figure 4.3.

4.5.1 Sampling and demographics

A total of 37 people (consumers) participated in the study. However, in an initial plausibility check,
three data sets had to be removed because the entries appeared inconsistent and untrustworthy.
The mean age of the remaining group (N=34) was 24.5 years (SD=2.03 years). 20 men (58.8%),
14 women (41.2%) participated.
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Figure. 4.4:  Visual Representation of the Experiment Design
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4.6 Hypothesis Testing

4.6.1 Testing of Working Hypotheses

Before choosing the statistical test to test the hypotheses, normality tests were done on the

data values. It is seen in table 4.2 and 4.3 that the data are significantly not similar to normally

distributed data.

Table. 4.2:  One-Sample Kolmogorov-Smirnov Test for Normality for Attribute Ratings in T1
Novelty T1 Complexity T1 | Trendiness_T1

N 476 476 476

Normal Mean 5.03 3.75 4.73

Parameters Std. Deviation 171 1.88 1.73

Most Extreme Absolute 0.20 0.16 0.18

Differences Positive 0.12 0.16 0.11

Negative -0.20 -0.13 -0.18

Kolmogorov-Smirnov Z 4.43 3.60 3.83

Asymp. Sig. (2-tailed) 0.001 0.001 0.001

Table.4.3:  Shapiro-Wilk Test for Normality for Attribute Ratings in T1
Shapiro-Wilk Test
Statistic df Sig.
Novelty T1 0.88 476 0.001
Comlpexity_T1 0.92 476 0.001
Trendiness_T1 091 476 0.001

Table. 4.4:  One-Sample Kolmogorov-Smirnov Test for Normality for Attribute Ratings in T2
Novelty T2 Complexity T2 | Trendiness T2

N 476 476 476

Normal Mean 5.47 4.06 4.76

Parameters Std. Deviation 1.62 1.88 1.71

Most Extreme Absolute 0.26 0.15 0.16

Differences Positive 0.17 0.15 0.10

Negative -0.26 -0.13 -0.16

Kolmogorov-Smirnov Z 5.74 3.23 3.51

Asymp. Sig. (2-tailed) 0.001 0.001 0.001

Table. 4.5:

Shapiro-Wilk Test for Normality for Attribute Ratings in T2
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Shapiro-Wilk Test

Statistic df Sig.
Novelty T2 0.82 476 0.001
Comlpexity T2 0.93 476 0.001
Trendiness_T2 0.92 476 0.001

Since the results of the normality tests indicate that the data is not normally distributed, a non-

parametric test is used for testing the hypotheses. The Wilcoxon Signed-Rank test, a non-parametric

equivalent of the one sample t-test, is used to test the hypotheses.

The working hypothesis 1 testing is presented below using Wilcoxon Signed Rank Test for Design
Concept 1 (D,C,) for the Novelty attribute.

Table. 4.7: Mean and Std. Deviation of Novelty Rating on the Design Concept 1 in T1
N | Mean | S.E. Mean | Std Dev | Variance | Minimum [ Maximum
Age 34 | 24.56 0.35 2.03 4.13 21.00 29.00
Gender 34 | 141 0.09 0.50 0.25 Male Female
Consumer_Novelty T1 |34 | 553 0.18 1.05 1.11 3.00 7.00
Table. 4.8: Ranks
N Mean Rank Sum of Ranks
Consumer_Novelty T1- Negative Ranks| 27 14.00 378.00
Ties| 7
Total| 34
Table. 4.9:  Test Statistics
Consumer_Novelty T1 - Interpretation Decision
Designer_Novelty T1
Z -4.62
p-value (2-tailed) 0.001 Significant Reject Null
Hypothesis

Since p-value=0.001 < 0.05, we reject H1 for D1Ci.

At the 5% level, there is enough evidence to support the claim that there is a significant difference

between ratings of consumers and ratings of the designer on the Novelty attribute for the design

concept 1 in Treatment T1.

Similarly, statistical analysis was conducted for design-specific agreement between consumers’
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rating and designers’ rating for Novelty attribute for all the design concepts in T1 and T2.

Table. 4.10:  The Wilcoxon Signed Rank Test for Novelty Rating in T1

Treatment Design Consumers’ rating Designers’ p-value
Concept rating
Mean SD
T1 D.C, 5.53 1.05 7.00 <0.05
DL, 4.15 1.65 2.00 <0.05
D.C, 5.47 1.64 3.00 <0.05
D,C, 5.18 1.40 7.00 <0.05
D.C, 3.82 1.73 5.00 <0.05
D.C, 5.82 0.94 4.00 <0.05
D.C, 3.56 1.50 1.00 <0.05
D,C, 6.74 0.75 4.00 <0.05
D,C, 3.71 1.73 6.00 <0.05
Dby 5.59 1.39 2.00 0.207
D¢ 4.26 1.88 6.00 <0.05
DL, 5.85 1.28 6.00 0.840
D¢ 6.00 0.98 4.00 <0.05
DL, 4.68 1.61 6.00 <0.05

At the 5% level, there is enough evidence to support the claim that there is a significant difference
between ratings of consumers and ratings of the designer on the Novelty attribute for 12 design
concepts out of 14 design concepts, in Treatment T1. In the current sample, 85.7% times there is
a significant difference between ratings of consumers and ratings of the designer on the Novelty

attribute. Thus, Null Hypothesis 1 (H1) is rejected and Alternate Hypothesis (H,,) is accepted.

Table. 4.11:  The Wilcoxon Signed Rank Test for Novelty Rating in T2

Treatment Design Consumers’ rating Designers’ p-value
Concept rating
Mean SD
T2 D.C, 3.94 1.81 4.00 0.826
D,C, 4.62 1.54 5.00 0.168
D.C, 6.21 1.15 6.00 0.063
D,C, 4.06 1.82 4.00 0.936
D.C, 6.03 0.83 5.00 <0.05
D.C, 6.03 1.47 6.00 0.290
D.C, 571 1.27 1.00 <0.05
D,C, 6.06 1.19 6.00 0.095
D.C, 5.74 1.19 3.00 0.257
DL, 6.65 0.65 7.00 <0.05
D,C, 579 1.45 6.00 0.781

TH-3089_186105003 86



DL, 5.97 1.00 3.00 0.061
DL, 5.09 1.64 5.00 0.706
D,C, 4.68 1.70 5.00 0.344

At the 5% level, there is enough evidence to support the claim that there is no significant difference
between ratings of consumers and ratings of the designer on the Novelty attribute for 11 design
concepts out of 14 design concepts, in Treatment T2. In the current sample, 78.5% times there is
no significant difference between ratings of consumers and ratings of the designer on the Novelty
attribute. Thus, we failed to reject Null Hypothesis 2 (H2).

Similarly, statistical analysis was conducted for design-specific agreement between consumers’
rating and designers’ rating for Complexity attribute for all the design concepts in T1 and T2.

Table. 4.12:  The Wilcoxon Signed Rank Test for Complexity Rating in T1

Treatment Design Consumers’ rating Designers’ p-value
Concept rating
Mean SD
T1 D.C, 2.82 1.47 5.00 <0.05
DL, 2.74 1.19 5.00 <0.05
D,C, 5.35 1.57 2.00 <0.05
D,C, 2.59 1.35 2.00 0.014
D.C, 3.15 1.56 2.00 <0.05
D.C, 4.79 1.68 2.00 <0.05
D.C, 3.94 1.76 2.00 <0.05
D,C, 5.47 178 2.00 <0.05
D,C, 2.82 1.38 1.00 <0.05
Doty 4.88 1.37 2.00 <0.05
D¢ 2.29 1.34 1.00 <0.05
DL 4.15 171 2.00 <0.05
DL 5.09 1.58 3.00 <0.05
D¢ 2.35 1.20 7.00 <0.05

At the 5% level, there is enough evidence to support the claim that there is a significant difference
between ratings of consumers and ratings of the designer on the Complexity attribute for 12
design concepts out of 14 design concepts, in Treatment T1. In the current sample, 85.7% times
there is a significant difference between ratings of consumers and ratings of the designer on the
Complexity attribute. Thus, Null Hypothesis 3 (Hs) is rejected and Alternate Hypothesis (H,,)
Is accepted.

Table. 4.13:  The Wilcoxon Signed Rank Test for Complexity Rating in T2
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Treatment Design Consumers’ rating Designers’ p-value
Concept rating
Mean SD
T2 D.C, 2.82 1.22 3.00 0.317
DL, 2.26 1.02 2.00 0.141
D,C, 5.15 1.69 5.00 0.552
D,C, 241 1.48 2.00 0.115
D.C, 3.97 1.59 4.00 0.956
D.C, 4.88 1.57 5.00 0.560
D.C, 3.79 1.67 3.00 <0.05
D,C, 6.09 1.38 6.00 0.231
D,C, 4.06 1.87 4.00 0.693
Do, 5.24 1.79 5.00 0.061
D¢, 3.85 1.65 4.00 0.718
D, 4.24 1.81 4.00 0.444
D, 4.21 155 4.00 0.457
DL, 3.82 171 4.00 0.660

At the 5% level, there is enough evidence to support the claim that there is no significant difference
between ratings of consumers and ratings of the designer on the Complexity attribute for 13
design concepts out of 14 design concepts, in Treatment T2. In the current sample, 92.8% times
there is no significant difference between ratings of consumers and ratings of the designer on the
Complexity attribute. Thus, we failed to reject Null Hypothesis 4 (Ha).

Similarly, statistical analysis was conducted for design-specific agreement between consumers’
rating and designers’ rating for Trendiness attribute for all the design concepts in T1 and T2.

Table. 4.14:  The Wilcoxon Signed Rank Test for Trendiness Rating in T1

Treatment Design Consumers’ rating Designers’ p-value
Concept rating
Mean SD
T1 D,C, 5.12 1.01 6.00 <0.05
D,C, 4.29 155 6.00 <0.05
D.C, 3.26 1.75 2.00 <0.05
D,C, 5.29 114 6.00 <0.05
D.C, 3.59 0.26 6.00 <0.05
D.C, 6.26 0.79 4.00 <0.05
D.C, 2.85 1.35 4.00 <0.05
D,C, 6.41 0.86 5.00 <0.05
D,C, 3.50 1.66 6.00 <0.05
D,y 4.94 1.76 2.00 <0.05
D, 4.82 1.70 6.00 <0.05
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DL, 5.71 1.14 4.00 <0.05
D¢, 5.24 1.52 3.00 <0.05
D,C 5.12 1.37 7.00 <0.05

At the 5% level, there is enough evidence to support the claim that there is a significant difference
between ratings of consumers and ratings of the designer on the Trendiness attribute for 14 design
concepts out of 14 design concepts, in Treatment T1. In the current sample, 100% times there is a
significant difference between ratings of consumers and ratings of the designer on the Trendiness
attribute. Thus, Null Hypothesis 5 (Hs) is rejected and Alternate Hypothesis (H,,) is accepted.

Table. 4.15:  The Wilcoxon Signed Rank Test for Trendiness Rating in T2

Treatment Design Consumers’ rating Designers’ p-value
Concept rating
Mean SD
T2 D.C, 412 1.77 6.00 0.704
DL, 3.91 1.46 6.00 0.647
D.C, 5.79 0.91 2.00 0.183
D,C, 3.74 1.80 6.00 0.526
D.C, 4.82 1.34 6.00 0.510
D.C, 6.26 0.79 4.00 <0.05
D.C, 4.41 1.50 4.00 <0.05
D,C, 6.71 0.46 5.00 0.122
D,C, 3.88 1.67 6.00 0.609
D&, 6.21 0.81 2.00 0.063
D,,C, 4.12 1.92 6.00 0.721
D,,C, 4.62 1.23 4.00 0.089
D¢, 4,50 1.48 3.00 0.081
DL, 3.82 1.85 7.00 0.558

At the 5% level, there is enough evidence to support the claim that there is no significant difference
between ratings of consumers and ratings of the designer on the Trendiness attribute for 12 design
concepts out of 14 design concepts, in Treatment T2. In the current sample, 85.7% times there is no
significant difference between ratings of consumers and ratings of the designer on the Trendiness
attribute. Thus, we failed to reject Null Hypothesis 6 (Hs).

Based on the empirical evidence, it can be concluded that, in the context of product form design,
the use of the Figures of Speech (FoS) card tool significantly affects the congruity of interest
emotion attributes’ rating by the designer and consumers. Thus, it can be inferred that the

concepts generated using the FoS card tool exhibit a better emotional continuity.

4.7 Product-Consumer Interaction Scenarios Prior to the Product Purchase
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Designers devote a substantial period of time to conceive and develop their designs. In contrast, they
have a concise window of opportunity to convey their design intention to the consumers through
their product. With the prevalence of e-commerce, product sales take place in non-traditional
ways, and consumers interact with products in varied purchase scenarios (Vergara et al., 2011). In
this regard, the consumer interaction with a product in the context of ‘before the product purchase’
can be classified into three categories: product representation (image, website, brochure), hands-
off (visual interaction with the physical product), and hands-on (multisensory interaction with the

physical product). The same classification is mentioned in figure 4.4 with an example of eyewear.

|

L\
@ @ @ 0 9

Product Representation Hands-off Hands-on
(image, website, brochure) {Visual Interaction with (Multisensory Interaction
the Physical Product) with the Physical Product)

Figure. 4.4:  Product-Consumer Interaction Scenarios Prior to the Product Purchase

As explained in the section ‘Fundamental Product Design Elements and Emotions’, the focus of
current research is on the visual design of the product and associated initial emotional response;
thus, the ‘product representation” scenario in figure 4.10 was considered for initial investigation.
Further, a few of the design concepts developed by design students are made into physical
prototypes (figure 4.5) to investigate the ‘hands-off” scenario in figure 4.4. 1t was performed to
investigate if there was any significant change in the congruity of interest emotion attributes’

rating of a concept by the designer and consumers.

For this study, 20 design concepts developed by 10 designers were chosen based on the possibility
of getting them prototyped. These 20 design concepts (10 in T1 and 10 in T2) were shown to the
same 34 consumers after a gap of 4 weeks. Consumers then rated each concept on the interest
emotion attributes of Novelty, Complexity, and Trendiness on a seven-point semantic differential
scale. The quantitative data obtained is then analyzed to test the hypothesis.
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Figure. 4.5:  Concept Sketches, 3D CAD renders, and Physical Prototypes
Based on the empirical evidence, it can be concluded that even when the consumer interaction

with a product in the context of ‘before the product purchase’ has been changed from
‘product representation’ to ‘hands-off’, there is no significant change in the interest attribute
ratings.
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4.8  Creativity and Idea Generation Ability

Based on research gap 2, it is possible to formulate one more hypothesis that has been further
broken down into two working hypotheses.

Hypothesis: In the context of product form design, the use of the Figures of Speech (FoS) card

tool might significantly affect the designers’ creativity and idea generation ability.
Working Hypothesis 7:
Null Hypothesis (H.):

There is no significant effect of the use of the Figures of Speech (FoS) card tool on the designers’
creativity.

Alternate Hypothesis (H,,):

There is a significant effect of the use of the Figures of Speech (FoS) card tool on the designers’
creativity.

Working Hypothesis 8:
Null Hypothesis (Hs):

There is no significant effect of the use of the Figures of Speech (FoS) card tool on the designers’
idea generation ability.

Alternate Hypothesis (H,,):

There is a significant effect of the use of the Figures of Speech (FoS) card tool on the designers’
idea generation ability.

Testing the Working Hypothesis 7

To test the above-mentioned hypotheses, the 28 design concepts generated by the design students
in T1 and T2 were given to expert evaluators. The experts rated the concepts on the creativity
assessment rating factors mentioned in the Creativity Assessment Guidelines (Appendix-A). The
rating scale is mentioned in Creativity Evaluation Sheet (Appendix-B). The number of experts
was five, as per the discussion mentioned in section 2.10.3. The expert selection criteria were
decided as the expert should have a minimum of 6 years of experience in the design industry/

academia. The particulars of the expert evaluators are mentioned in Details of Expert Evaluators
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(Appendix-C).

Since the number of expert evaluators was five, the data was assumed to be not normally distributed,
and a non-parametric test was used for testing the hypotheses. The Wilcoxon Signed-Rank Test, a
non-parametric equivalent of the related sample t-test, is used to test the hypotheses. Tables 4.16
shows the mean values of the creativity assessment ratings by expert evaluators in T1 and T2.
Statistical analysis was conducted for each of the factors.

Table. 4.16: Mean Values of the Creativity Assessment Ratings by Expert Evaluators in T1 and

T2
Treatment T1
Design Concept Novelty Appropriateness Elaboration Surprise
D.C, 3.60 4.40 3.40 4,00
DACH 2.40 3.80 2.80 2.60
D,C, 5.60 3.20 6.00 6.20
D,C, 4.80 4.20 3.00 5.00
D.C, 4.40 3.80 2.60 3.80
D,C, 2.40 4.40 1.80 3.40
D.C, 4.40 5.80 5.60 4.40
D,C, 6.00 4.00 2.40 5.40
D,C, 4.60 3.80 1.80 3.80
Dby 4.40 5.80 5.60 4.40
Dby 4.80 3.40 2.60 5.20
Dby 5.20 5.60 3.80 5.00
Dby 6.20 3.80 4.80 6.20
DL, 3.40 3.60 3.80 3.20
Treatment T2
Design Concept Novelty Appropriateness Elaboration Surprise
D,C, 6.00 5.40 4.40 6.40
DL, 3.80 4.60 3.40 5.40
D.C, 6.60 5.40 6.20 6.60
D,C, 6.20 5.00 5.40 5.80
D.C, 6.20 4.60 4,20 6.20
D.C, 5.40 4.40 3.60 6.00
D.C, 5.20 4.60 5.00 4.80
D,C, 4.80 6.80 5.40 4.60
D,C, 5.80 5.60 4.80 5.00
D¢, 5.20 5.20 5.00 5.20
D,,C, 6.00 5.20 4.20 6.40
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DL, 5.00 4.40 4.40 4.80
DL, 4.60 5.20 5.60 4.20
D,,C, 5.20 5.60 4.20 5.80
Table. 4.17:  The Wilcoxon Signed Rank Test for Novelty Rating
Ranks
N Mean Rank Sum of Ranks
Novelty T1 - Novelty T2 Negative Ranks| 11 7.68 84.50
Positive Ranks 3 6.83 20.20
Ties 0
Total| 14
Test Statistics
Novelty T1 - Novelty T2
Z -2.01
p-value (2-tailed) 0.044

p-value=0.044 < 0.05

Table. 4.18:  The Wilcoxon Signed Rank Test for Appropriateness Rating
Ranks
N | Mean Rank Sum of Ranks
Appropriateness_T1 - Negative Ranks| 10 7.70 77.00
Appropriateness_T2 Positive Ranks| 3 4.67 14.00
Ties| 1

Total| 14

Test Statistics
Appropriateness_T1 - Appropriateness_T2

z -2.20
p-value (2-tailed) 0.028

p-value=0.028 < 0.05

Table. 4.21:  The Wilcoxon Signed Rank Test for Elaboration Rating
Ranks
N Mean Rank Sum of Ranks
Elaboration_T1 - Elaboration_T2 | Negative Ranks| 12 8.17 98.00
Positive Ranks 2 3.50 7.00
Ties| O
Total| 14
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Test Statistics

Elaboration_T1 - Elaboration_T2
z -2.86
p-value (2-tailed) 0.004

p-value=0.004 < 0.05

Table. 4.22:  The Wilcoxon Signed Rank Test for Surprise Rating

Ranks
N | Mean Rank Sum of Ranks
Surprise_T1 - Surprise_T2 Negative Ranks| 11 8.09 89.00
Positive Ranks| 3 5.33 16.00
Ties| O
Total| 14
Test Statistics
Surprise_T1 - Surprise_T2
Z -2.29
p-value (2-tailed) 0.022

p-value=0.022 < 0.05

Since for all four creativity assessment rating factors, the p-value is <0.05, we reject the null
hypothesis Hz and conclude that using the Figures of Speech (FoS) card significantly affects

the designers’ creativity.

Testing the Working Hypothesis 8

The mean value of the rating given on the variety factor by the expert evaluators in T1 and T2 is
compared in Figure 4.6.

It is quite evident from the graph that the rating on the variety factor has increased from 4.8 to 6.
Therefore, it can be concluded that the use of the FoS card tool has a positive effect on the number
of different ideas created by the group of design students in an ideation session. Thus, we reject
the Null Hypothesis Hg and conclude that the use of the Figures of Speech (FoS) card tool has
a significant effect on the designers’ idea generation ability.

4.9 Discussion and Findings

The experiments show that the application of the FoS card methodology causes students to pay
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Figure. 4.6:  Variety Facor Rating in T1 and T2
more attention to the form elements and use them to communicate desired emotion. The tool
also develops a deeper understanding of the form-emotion relation and ignites a thought process
distinct from an established cognitive thinking pattern. The data analysis results show a significant
change in the interest attribute ratings by the consumers when the design concepts are generated
using the FoS card tool. The results demonstrate that there is better emotional continuity when
the students use the FoS card tool during the ideation session. It is also found that there is no
significant change in the interest attribute rating by the consumers when the interaction is changed

from ‘product representation’ to ‘hands-off’.
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Chapter 5. Conclusion, Limitations and Future Scope of Work

5.1 Introduction

The present chapter briefly discusses the novelties (key contributions) of the present thesis. This
chapter also includes how research objectives have been fulfilled and how hypotheses have been
tested. This chapter also lists the novelties of present research in terms of methodology and
knowledge-base. This chapter ends with limitations, future scopes, and an overall conclusion of
the present thesis work.

5.2  Novelties (key contributions) of the Present Thesis

» In the present research, we conducted an integrative review of articles relevant to the topic
of design and emotion. Through the critical analysis of these articles, four main themes or
categories emerged: 1. The Terminology used in Emotion Research, 2. Consumer Emotions
and their relation with the other factors in the ‘before product purchase’ scenario, 3. Theories
of Product Emotion, and 4. Assessment of Emotion. The integration of valuable insights drawn
from the review of the first two categories has resulted in developing a conceptual framework
of consumer emotional response before product purchase (Figure 1.5). A key contribution
of this study is that the insights gained from the review of the available literature provide an
overview of the range of product design factors that are most likely to influence the consumer
emotional response to products in the pre-purchase context. Consequently, the proposed
framework is an important guideline on how these factors link with each other. Moreover, the
framework shows there are direct, indirect, or both (direct and indirect) relationships between
specific factors with consumer emotions. For example, the Environmental Factors directly
impact consumer emotions, while the factors in the Judgement Criteria cluster have direct
and indirect influences on consumer emotions. The study also describes the application of the
proposed framework citing several relevant research examples from the domain of design and
emotion. A design team can gain valuable insights by consciously categorizing the context-
specific design intents based on the cluster and factors discussed in the framework. Moreover,
the framework presented is an effective means for suggesting promising future research
directions to conduct studies based on specific parts and contributing factors of the framework,
which are unexplored previously, and investigate their role in influencing consumer emotions.

« This current study proposes a framework for identifying research opportunities (Figure
1.11) describing the key stages and their attributes. The proposed pedagogical framework
encourages design research students to perform the task of identification of research gap in
a much more structured way. Moreover, it is observed during our study that the framework
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(Figure 1.11) also assists in dealing with the enormous amount of data gathered by organizing
it into research relevant areas and thereby reducing the confusion of deciding on which area to
focus. This systematic approach in identifying the research gap serves to set the initial point
of reference for the research and form the logical basis for it. Thus, the direction of research is
evident in the preliminary stages, which helps to refrain from a shift in research focus at later

stages.

» Interdisciplinary teamwork is becoming the standard in every field as it offers an opportunity
to formulate a more comprehensive understanding of an issue that any single discipline
may be unable to provide. Designers are increasingly integrated into such interdisciplinary
teams because of their creative abilities and skills to humanize technology by thinking
beyond functional needs. However, it was observed during the study, the functioning of an
interdisciplinary team often turns out to be ineffective due to conflicting working styles and
behaviours of the members. In this regard, Belbin’s project team model provided insights for
building a team with a balance of the team and functional roles. Further, it assisted in assigning
appropriate stage leads at different stages of the proposed research opportunity framework.
Most importantly, it illustrated how the variations in the team and functional roles could be

utilized constructively in an interdisciplinary team.

» The review of seventeen EAMSs, conducted in the present study, resulted in a taxonomy based
on the way of recording emotion-related information. Furthermore, a criteria for comparing
these methods on eight factors that are manifested in the form of questions and their associated
measures has also been developed. One can examine an EAM on these identified eight factors
to choose the best method suited for the context of the undertaken research.

» The FoS card tool developed in the current study is a source of inspiration representing textual
and visual cues for emotive form ideation. The application of the FoS card methodology
causes students to pay more attention to the form elements and use them to communicate
desired emotion. The tool also develops a deeper understanding of the form-emotion relation
and ignites a thought process distinct from an established cognitive thinking pattern. The
proposed tool is a systematic pedagogical approach rather than an intuitive ideation approach.
It is an innovation toolbox developed out of a need to create a broader range of emotive form
ideas. It combines activities of choosing the FoS inspiration card, analysis and synthesis of
form elements represented in that card, establishing a relation between the form elements and

the emotion to be communicated.

» The shaping emotions framework (Figure 3.2) developed during the present study can be used

by design students and practitioners in the early stage of the design process to create a pool of
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emotive form ideas. The framework is an emotive design approach that helps generate a wider
range of form design alternatives during the ideation stage and boosts their creativity skills in
the context of the product emotions and form design. Moreover, it aids in determining whether
design ideas elicit intended product emotions.

5.3  Fulfillment of the Objectives and Testing of Hypotheses

Obj 1. To create an emotive design approach that helps generate a wider range of form design
alternatives during the ideation stage.

The ratings of expert evaluators on the variety factor, a measure of assessment of ideation
variety, were significantly higher in the ideation session T2. It shows that the shaping emotions
framework helped design students generate a more comprehensive range of ideas that differ in

their embodiment and details. Thus, objective 1 of the research was fulfilled.

Obj 2. To evolve a product form design tool/method for product designers that boosts their
creativity skills in the context of the product emotions and form design.

The ratings of expert evaluators on all four factors considered for creativity assessment showed
a significantly higher value in the design ideas generated in T2. It shows that the FoS card tool
helped to boost the creativity of participants in terms of product form generation. Thus, objective
2 of the research was fulfilled.

Obj 3. To develop a framework to identify the designer’s intended product emotion and to

determine whether design ideas elicit intended product emotions.

The interest emotion attribute survey was conducted to determine the extent of congruity between
designers’ ratings and consumers’ ratings. Data pertaining to the ratings of novelty, complexity,
and trendiness attributes showed a significant effect of the use of the FoS card tool on the congruity
between the ratings. The application of the Shaping Emotions Framework helped designers to
comprehend whether their intended product emotions were realized by the consumers. Thus,

objective 3 of the research was fulfilled.

The two hypotheses given below were broken into eight working hypotheses and tested using the
Wilcoxon Signed Rank Test.

+ In the context of product form design, the use of the Figures of Speech (FoS) card tool might
significantly affect the congruity of interest emotion attributes’ rating of a concept by the

designer and consumers.
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* Inthe context of product form design, the use of the Figures of Speech (FoS) card tool might

significantly affect the designers’ creativity and idea generation ability.

The hypothesis testing was elaborately explained in Chapter 4 of the thesis.

5.4 Limitations and Recommendations for Further Research

* Inthe study, the subject of analysis is limited to product design and emotion. However, a much
more coherent and critical analysis is needed to generalize the current findings to be applied
to other design disciplines like architectural design and graphic design.

« Furthermore, the onceptual framework of consumer emotional response before product
purchase (Figure 1.5) does not accommodate certain factors such as consumer characteristics
like gender, cultural background, and personality traits. The limitations of this study provide
some direction for future research. For example, a quantitative study could be undertaken to
confirm the relation between the choice of product material and the corresponding consumer
emotional response when the same set of materials are examined with different senses.
The numerical data obtained through such a study would allow a detailed understanding at
the elemental level of the framework. Furthermore, the relevance of the framework could
be investigated considering products in different market segments to allow a broader
generalization of the findings. Similarly, determining the hierarchy of all the elements in a
cluster that affects pre-purchase emotional response would provide more knowledge of the
nature of the relationship existing among them. Finally, the study increases our understanding
of the relationship between Emotion and Design, and designers can effectively utilize it to

discover further opportunities for new product conception.

» The current FoS card tool consists of six figures of speech in the English language. The tool can
be further expanded to accommodate more figures of speech after confirming their suitability
to the product form design context. Moreover, each figure of speech card consists of three
existing examples of product design that fit into the contextual definition. In the future, more
such suitable examples can be included to make the tool more comprehensive.

» At present, the FoS card tool is in the form of six physical inspiration cards. In the future,
the same card tool can be extended to a digital medium such as a website or a mobile phone
application. This digital tool can provide a platform to quickly visualize more number
inspirational images for each Figure of Speech. Moreover, it can allow uploading generated
ideas to facilitate group ideation and collaboration.

» The current study investigates a scenario where the first-time visual interaction of a user with

the product, i.e., when users see the product for the first time through the visual sense. The idea
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here was to evoke interest in users when they see the product for the first time. The present
investigation only looks at the possibilities of eliciting interest through product form. In the
future, the other fundamental elements of design, such as color, material, etc., can be explored
to elicit interest. Moreover, the entire research can move beyond only visual sense, and other
senses like touch, hearing, smell, and taste can also be examined to evoke various positive
emotions.

+ Auvailable literature on emotional design does not address the case of consumer behavior when
dissimilar emotional responses are elicited through two different senses. For instance, when
a consumer interacts with a product, the visual sense evokes a positive emotional response,
while the hearing sense evokes a negative emotional response. When multiple senses (e.g.,
vision and hearing) elicit an incongruent emotional response to a product, what is consumer
behavior? It will also be interesting to determine which emotional response (positive or

negative) dominates in such cases.

* The Conceptual framework (Figure 1.5) also reveals that emotions do not appear “out of
nowhere” as the simple by-product of a given stimulus. Instead, they are influenced by previous
emotional states, or pre-existing individual traits, past experience, and other contextual factors
like advertising. Therefore, a designer working with emotions should be able to identify and
measure emotional profiles or pre-existing individual/contextual characteristics that can
influence the effectiveness of emotion-based product design. Identifying these ‘emotional
profiles’ would help designers develop products with long-lasting emotional benefits. Thus,
research question for future work would be: What are users’ emotional profiles that can
influence emotion-based products or services to allow designers to promote lasting emotional
benefits?

55 Conclusion

The role of emotions in the field of product design has grown exponentially in the past several
years. Since emotions play a crucial role in attracting attention and impacting decision-making,
design based on emotions can make a valuable contribution to creating a comprehensive user
experience. Although designers and researchers have recognized the importance of emotions in
the design of a product, the task of realizing the emotional impact a design has on the consumer is
quite challenging. For this reason, the present thesis provided a comprehensive understanding of
the terms used in emotions research, human emotions and their association with design, analysis
of seminal theories of product emotion, existing emotive product form ideation methods, and
Emotions Assessment Methods (EAMS). This extensive review helped to create a knowledge base
for the emerging field of emotion and design. The understanding developed from this foundation
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study has resulted in developing a ‘Conceptual Framework for Consumer Emotional Response
before Product Purchase’. This framework formed a basis for proposing the concept of ‘emotional

continuity’ and ‘Shaping Emotion Framework’.

The application of the Shaping Emotion Framework developed in the present work showed the
generation of a wider range of creative and emotive product form ideas. The framework also
helped identify whether the generated ideas are emotionally continuous. The Figures of Speech
(FoS) card tool, one of the parts of the Shaping Emotion framework, is an effective approach to
emotive form generation. Moreover, the tool helped to trigger fresh ideas for product form when
the designers face a mental block. The comparative analysis of Emotion Assessment Methods
(EAMs) performed as a part of current work helps to identify critical criteria to be considered
for the application od each method. The comparison matrix of EAMs guides novice researchers
in deciding the most suitable EAM for an individual’s research context. In addition to this, the
‘Research Opportunity Identification Process’ formulated and followed in the current work is a
unique way to discover research gaps. It is a structured approach that categorizes a large amount
of data in research-relevant areas. Most importantly, it illustrated how the variations in the team

and functional roles could be utilized constructively in an interdisciplinary team.

In conclusion, the present thesis work significantly contributes to the knowledge-base, and
emotive product form design methodology in the context of product design and emotion. The
research method and material used in the present research could be replicated in other similar
cases of product form development. The methodology used in the present thesis might be adopted
directly by researchers, design practitioners, and design students to create product forms that elicit
intended emotive responses.
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7 Appendices

Appendix - A. Creativity Assessment Guidelines
Provided to Evaluators
Instructions

When it comes to evaluating creativity of product ideation, following mentioned factors can be
considered.

Ideation Quality
The quality of ideas can be measured against the following four factors:

1. Novelty: Novelty is the unusualness or unexpectedness of an idea when compared to other
ideas. In other words, novelty is gauging the obviousness of an idea, where non-obvious ideas are
considered novel, whereas obvious ideas are non-novel.

(Is the idea uncommon? Does it differ from the expected outcome?)

2. Appropriateness: The idea will be effective in producing desired results if it is suitable for the
given situation. In the present study, the appropriateness of an idea would be measured based
on its aesthetic appeal as the study primarily targets creativity in formal (related to shapes) idea
generation.

(Is the idea relevant to the given context?)

3. Elaboration: It is the ability to detail the idea and appropriately label it for clarity. It is measured
based on the amount of detailing done for each attribute of the idea.

(Is the idea detailed out enough for clarity?)

4. Surprise: It is the ability to create something that continues to capture the viewer’s eye each
time upon revising. An idea having a surprise factor may not be the most novel or original idea,
but it may be a combination of obvious ideas in an unexpected way.

(Will the idea surprise you upon revisiting it?)

Ideation Variety
Quantity and variety ratings are applicable to an entire group of ideas and not an individual idea.

5. Variety: Variety is measured as the total number of different ideas created by a subject or a group
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of subjects in an ideation session. For the current study, any two ideas are considered different if
they differ in their embodiment and details.

Note:

Please avoid any bias during the evaluation. Do not judge ideas based on the quality of sketching/
presentation. Provide honest ratings considering each idea the same even if it is messy or clear,
organized or disorganized, etc.
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Appendix - B. Creativity Evaluation Sheet

How likely is that the given idea possesses following creativity attributes?

Extremely  Unlikely More  Neutral More Likely  Extremely
Unlikely or Less or Less Likely
Unlikely likely
Novelty O 1] 1] 1] 1] 1] 1]
1 2 3 4 5 6 7
Appropri-
Pprop - - - - - - -
ateness
1 2 3 4 5 6 7
Elaboration ] L] L] L] L] L] L]
1 2 3 4 5 6 7
Surprise L] L] L] - L] L -
1 2 3 4 5 6 7
Variety 1] ] ] ] ] 1 1
1 2 3 4 5 6 7
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Appendix - C. Details of Expert Evaluators

Name Age Gender | Educational | Current Total Experience
(years) Qualification | Organization in Design Indus-
Name and try/Academia
Location (years)

Patric John 31 M M.Des. College of 6
Architecture

Trivandrum

Ashish Kumar Singh | 36 M Ph.D. National Institute 7
of Fashion
Technology
Bhopal

Samrat Chatterjee 33 M M.Des. TATA Steel, 8
Mumbai

Abhishek Anand 31 M MBA National Institute 9
of Fashion
Technology
Bhopal

Pankaj Kuli 32 M M.Des. Titan Company 7
Ltd.
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Appendix - D. Sketches to 3D CAD Renders and Physical Prototypes of Bluetooth Speaker
Concepts

CHIRSMUS
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Appendix - E. Figures of Speech (FoS) Card Tool

IRONY o
=
Incongruity ( \‘&
between what is .

expected or
intended and what
actually occurs in
terms of form

Car Shaped Parking Plopp Steel Stool Toga Chair
for Bicycle

HYPERBOLE

Obvious and
intentional
exaggeration of an
object beyond its
normal form

Pepeikus Outdoor Drew The Pencil

Spring Stool Ashtray Lamp

ZOOMORPHISM

Giving an object
animal like formal
qualities or traits

Firephant Kastor Sharpener Woo-bi Lamp
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down/inside out

F |
CHIASMUS ' a2
Formal features are AR A%
structured in = : e
reverse/upside i

[ 1]

Inside Out

UnBRELLA Garbage Watch Champagne Glasses

ALLITERATION

Repeating same or
similar form
module to create
the whole object

90909

o —————

Chaise Lounge Love me love me not Sparks Pendant
Table Lighting System

SIMILE

Comparing forms
of two objects
which have one or
more common
characteristics

Sandtime Digital

Watch Merlot Chair Samurai Umbrella
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Appendix - F. Overall Emotive Form Design Approach using Shaping Emotion
Framework and Detailed Protocol of Experiments

Overall Emotive Form Design Approach using Shaping Emotion Framework

Und Define Ideate Measure Leamn Build
Do you have a Have you validated Have you discovered new This couk! be a good moment Have you completed several Have you tested weather Have you validated Great! Make prototype
clearly defined the underlying useful insights from the fo share your findings! ideation rounds and created your ideas resonate with creativity of your ideas and test again
task/problem? problem? research? many new ideas? the consumers? from experts?
- Y Yes Y Yes Yes Yes
: = B<——8<——1H®&
No No No No, let's ideate! No No
Opportunity Identification Context Specific Action Go back to step 1 Alm Is to create product forms
) that appeal to the consumers a Emotion Assessment Consensual Assessment
Gather your team and map Discaver what you didnt at emotional level Method (EAM) Technique (CAT)
omdltngposubh notice before by probing
QPO rehe for iy People workdag in the fleld Moasure the emotions peoplo evaluation of creativity of a
o have towards new designs by work from the experts in
Q Emotive Form Design Tool selecting suitable EAM using that domain
7N\ making use of Figures of Speech Comparison Matrix
Explore Ty Expert Opinicn i
" — = (Professional Perspective) a ;  Choose typs of product relevent Capture feadback from
Y emaotion that fits your need your user testing
(Emotional discontinuity
: Come up with new form ideas identification)
Categorise Field Visit & making use of Figures of Speech
e Tool (Ground realty check) :
An instrument 1o assist
'yw in findng rolovart Irony Get back to ideation board
pcoieie : Hyperbole if the ideas appear to have
QO T op—— Y Zoomorphic an emotional disconnect
(Ordine /Offine ) Chias:
Additional actions and mus
Ada Alliteration
Simide

TH-3089_186105003

137



Detailed protocol of experiments

Problem/Task i Response Response
Presentation >> STepeniion >> Generation >»> Validation
¢ Introducing participants to * Panicipants gather
the emotional design information that appears ) ) ) ) )
Experiment | i, significant to the problem at *  Production of alternative *  Evaluation of alternative
(without ideation . hand. solutions using the decided solutions and coming up
support tool) * Defining the problem ideation method. with one final concept.
i statement and choosing the *  Deciding on the ideation
product for form ideation. method.
Gap of
minimum 4
weeks
*  Revisiting the key concepts e
of emotional design, *  Assigning one or more FoS
v 3 cards to each participant for
Experiment 2 S oducing Eos el ok the ideation process. ¢ Production of alternative « Evaluation of alternative
(with FoS card * Revisiting the same problem «  Panticipants to gather more solutions using the assigned solutions and coming up
tool) statement of experiment 1. number of product examples FoS cards. with one final concept.

Choosing the same product
of experiment | for form
ideation.

(if required) related to the
FoS card assigned.
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>»

Creative Outcome Evaluation

* Stage |
Concept Screening Critena

(a) participation and concept
development in both the
experimental sessions.

(b) complete concept sketch.

(c) interest attribute rating on
the final concept sketches of’

both the sessions. Shontlisted
> Concept
3 s‘agc 2 Sketches
Concept Shortlisting Criteria

(a) Originality - the concept is
different from existing

(b) Workability - the concept
can move from ideation to
prototype

(¢) Elaboration - level of detail,
Relevance - the concept
relevant to the current
research context

Expert Judgement using
Consensual Assessment
Technique (CAT)

3IDCAD
Models

Physical | {~

Consumer
Emotional
Response Rating

on Interest emotion

attributes

Prototype
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