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ABSTRACT

Researchers of emotion have long since established the
principle that emotions are indispensable for rational
decision making. In this article, we propose an Emotive
Interface Engineering methodology that addresses the
possibility of applying this to the design of human
computer interfaces. EIE establishes the interrelation
between the design factors and the emotions elicited by a
computer interface from the user’'s perspective. The
methodology was employed to evaluate existing cyber
banking interfaces. The results support the proposition that
certain design factors are more relevant than others for the
elicitation of certain emotions. Results also indicate that
computer interfaces elicit universally common feelings in a
majority of users.

KEYWORDS

emotive interface design, electronic commerce, informative
emotion, cyber banking.

INTRODUCTION

In the near future, electronic commerce systems may replace
the shopping malls of today as the preferred medium of
consumer purchases [7]. Electronic commerce has numerous
advantages over traditional physical mediums. Lower costs
for product and information delivery, customer service
enhancement and reduced time to market are only some of
the benefits of electronic commerce [2]. Many firms have
already implemented some form of home shopping system
in order to reap some of these benefits. However, the key to
the success of electronic commerce systems lies in a wide
adoption of such technologies by the consumer [2].

A major obstacle to the widespread diffusion of the
electronic medium liesin the discrepancy between the
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electronic commerce system interface and the traditional
shopping experience. Having satisfied their basic wants,
consumers now seek products and services that are
pleasing to their senses. This trend isreflected in the recent
development of kansei engineering, the application of
sensibility ergonomics to physical product development
[11,13]. Nowadays, shopping is a process of emotional
engagement and interaction with people, of looking at
people, meeting people as well as performing the actual
purchase[9]. A cyber shopping mall by this definition refers
to a store where one can emotionally interact with the
interface. In order to lure customers, electronic commerce
system interfaces must be able to create a cyber shopping
experience by eliciting the emotions felt in actual shopping.
Electronic commerce systems of today focus mostly on
reducing the cognitive burden placed on the user. However,
in order to create a cyber shopping experience for the
consumer, the interface to electronic commerce systems
must engage the user both emationally and cognitively [10].

This paper proposes a new design methodology of human
computer interfaces, Emotive Interface Engineering, in order
to achieve this end. Emotive Interface Engineering (EIE),
based largely on the kansei engineering approach [11,13] is
a design methodology that scientifically determines the
emotive effects of certain design factors in order to
incorporate this in the design of user interfaces. Until
recently, study of human computer interfaces has focused
on designing artifacts intended to help users overcome their
cognitive limitations to reach rational decisions, with little
regard for the emotive aspect of the interface [6,17]. EIE
adopts a balanced view of emotion and cognition. Its basic
assunption is that emotions can aid the user to make
rational judgments and choices[1, 18].

The purpose of this paper is to pave the way for the design
of emotion generating interfaces, that will enable the user to
engage in a truly cyber experience. After laying the
theoretical foundations for the emotive interface
engineering methodology, the proposed methodology will
be used to evaluate existing cyber banking interfaces.



EMOTIONS

The emotive interface engineering methodology was
formulated based on the following concepts of emotions,
their functions and emotion elicitation procedures.

Definition of Emotion

Emotion is a multifaceted phenomenon which encompasses
a diversity of processes, such as appraisal, facial
expressions, bodily responses, feeling states, action
tendencies, and coping strategies [16]. There are two views
of emotion  the basic category view which maintains that
emotions are constituted of afixed set of discrete categories
[8,16]; and the multidimensional view which proposes that
emotions are differentiated along no more than two to four
bipolar dimensions.

The Emotive Interface Engineering methodology is based
on the latter approach to the study of emotion. We extend
this approach further in postulating the existence of an
emotion space, based on the theory of the semantic space
[15]. The emotion space is defined to be a region of some
unknown dimensionality. Each emotional scale, defined by a
pair of polar (opposite in meaning) adjectives, is assumed to
represent a straight line function that passes through the
origin of this space, and a sample of such scales then
represents a multidimensional space. To define the emotion
space with maximum efficiency, the minimum number of
orthogonal dimensions or axes which exhausts the
dimensionality of the space needs to be determined. The
emotions that are identified as the orthogonal dimensions
may not be the basic emotions of joy, sadness, amusement,
interest, relief, sensory pleasure or anger [5], but domain
specific emotions that are especially important with relation
to the type of task, such as the feelings of trustworthiness
or sophistication when performing financial transactions.
Function of Emotion

Although rational thought and emotion are often depicted
as locked in an eternal battle, there is typically more
cooperation than strife [11]. Recent research into the nature
of emotion shows ample evidence with regard to this
proposition. Neurobiological studies of frontal |obe patients
show that practical and social decision making is closely
related to the region of the brain connecting the emotional
and cognitive centers [4]. Relying solely on cognition
resultsin anever-ending cost-benefit analysis of numerous
and conflicting options. Emotions provide information asto
the emotional desirability of the options available, and
thereby reduce and limit reasoning to those that induce
positive feelings [1,18]. Thus, whether or not the emotion is
functional or dysfunctional depends on the information that
it provides to the accompanying affective exp erience [18].
The informative function of emotions is especialy relevant
in the design of human computer interfaces. The emotions
elicited by an interface encompass bodily feelings and other
non-affective sentiments. Studies indicate that such affects

can a so influence judgment and decision making in asimilar
manner [18].

In conclusion, the induction of emotions via user interfaces
to electronic commerce systems is not intended to
manipulate consumer behavior. On the contrary, emotive
interfaces can produce the double benefit of enhancing the
quality of the cyber shopping experience and triggering
informative emotions that can aid in decision making.
Emotion Elicitation Procedures

The scientific research of emotion depends on the reliability
of theemotion elicitation procedures used in the laboratory.
Research on the €licitation of emotions under laboratory
conditions indicate that stimuli can be constructed to elicit
certain target emotions [8]. A large variety of emotion
eliciting procedures have been used in these experiments,
not the least of which are the use of films [8, 16] and slides
[16].

Of the diverse methods available for elicitation of emotionin
the laboratory, films were found to be the most effective in
eliciting universally common target emotions among
different subjects [8]. This was attributed to the fact that
films have a relatively high degree of ecological validity, in
so far as emotions are often evoked by dynamic visual and
auditory stimuli that are externa to the individual [8]. Slides
aso have similar attributes. Computer interfaces can
basically be considered as a collection of slides that are
composed of diverse visuad and auditory stimuli.
Accordingly, human computer interfaces also have the
potential to elicit universally common emotionsin all users.
The Emotive Interface Engineering approach purports to
design a user interface that elicits certain emotions that will
aid the user in making rationally adept decisions.

Emotion Measurement Techniques

Study about the nature of emotions is not possible without
the means to measure the elicited emotions. Emotions are
displayed in a person’ s facial expression and voice tone,
and cause certain motor behaviors and physiologic
responses. However the most convenient measure of
emotion is the self report given by the person experiencing
the emotion. Facial expressions and self reports are more
commonly used as the measures of emotion under
laboratory conditions[8,12,18].

There are three types of self report measures of emotions,
the Differentiadl Emotions Scale (DES), the Semantic
Differential (SD) scale [15], and the free labeling method
[16]. The DES measures the intensity of an elicited emotion,
whereas the SD scale pairs polar emotion terms and
measures the intensity and direction of an emotion. Free
|abeling methods require that subjects simply jot down what
they arefeeling at the time of the experiment.

The Emotive Interface Engineering methodology proposed
in this paper employs the SD scale because it is based upon
a multidimensional approach to emotions. The SD scale is
most suitable for determining the main polar dimensions of



which the emotion space is composed. The following
section examines the Emotive Interface Engineering
methodology in more detail.

EMOTIVE INTERFACE ENGINEERING

The aim of Emotive Interface Engineering (EIE) isto develop
human computer interfaces that will enhance the quality of
the decisions made by the user, via elicitation of those
emotions that provide the information needed to interact
effectively with the system. This methodology is based on
the theory of emotional decisions [1,18], and the emotion
elicitation and measurement procedures of prior laboratory
research [8,16]. The concept of applying emotional other
than cognitive criteria to the design of man made artifacts
was derived from kansei engineering [11,13]. The design of
emotive interfaces is made possible by determining the
design factorsthat elicit the target emotions.

EIE is conducted in three separate phases. The objective of
thefirst phase is to determine the primary dimensions of the
emotion space and develop a self report questionnaire
consisting of the emotive scales that best measure those
dimensions. The purpose of the second phase is to
determine the design factors of an interface from the user’ s
perspective. The goal of the final phase of Emotive Interface
Engineering is to establish the interrelation between the
emotional dimensions and the physical design factors of the
user interface.

Emotional Dimensions

Developing a set of emotive scales that can accurately
measure al the feelings that have especial meaning in the
design of a particular interface is the core of EIE. Emotive
scales are pairs of polar adjectives that describe feelings
relevant to the interface being evaluated [15]. The initial
sampling should include multiple terms for the same
emotion or feeling.

The compact set of emotive scales that will be used as a
measurement tool of the emotions elicited by the interfaces
needs to be determined through a pretest. The interfaces to
be used in this pretest should include at |east one type of all
the existent interfaces. Results of the pretest are used to
determine the rough structure of the emotion space. These
results are developed into the reduced self-report
questionnaire used to determine the structure of the
emotion space, i.e. the number of relevant dimensions. The
revised scales are used to evaluate a second, more
exhaustive sample of interfaces, after which multivariate
analyses are performed to determine the dimensions of the
emotion space.

Design Factors

The design factors of the interface are determined from a
user' s perspective. A user's perspective is important
because the user's perception of the interface will
consciously or unconsciously influence the emotions
evoked by that particular interface. The design factors from
the user’ s perspective can be determined through an open

guestion and answer session or a free recall test. The
design factors that are important from a designer’ s
perspective is also taken into account in the final selection
of the design factors of a particular interface.

Interrelation between Emotional and Design Factors
Multivariate analyses are performed to determine the
relationship between the design factors and the primary
dimensions of the emotion space. The ultimate purpose of
computing the interrelation is to design an interface that can
elicit certain target emotions.

EXPERIMENTS

In this study, the method of EIE outlined above was applied
to the evaluation of cyber banking interfaces. The study
focuses on cyber banking system interfaces due to the
relative universality of the emotions that can be elicited
whileinteracting with a system of itskind.

The goals of the experiments were threefold : First, to
determine the emotional factors that influence a user’ s
overall impression of a visua interface. Second, to
determine the design factors of a visual interface from the
user’ s perspective. Third, to establish the interrelation
between the emotional factors and design factors. Three
experiments were conducted to clarify the structure of the
emotion space and the effect of specific design factors
upon it.

Experiment 1

The purpose of the first experiment was to develop the self
report questionnaire to be used in measuring the emotions
elicited by cyber banking interfaces. The resulting
guestionnaire should consist of the differential scales that
best represent the dimensions of the emotion space for
cyber banking interfaces.

Materials and Procedure

Questionnaire. The self report scale used in this study was
that of semantic differentiation, based on the
multidimensional approach to emotion upon which the EIE
methodology is rooted [15]. Since the purpose of this first
experiment was to select the best differential scales for
emotion measurement, an exhaustive search was made of all
relevant pools of emotion terms for the initial sampling of
scales. Emotion terms were gathered from a variety of
sources varying from pamphlets of cyber banking services,
surveys of users and designers, dictionaries, and research
papers about electronic commerce and cyber banking
systems. Of these a total of 318 bipolar 7-point scales were
selected. The scales were selected to overlap as to the
emotion they measured.

Slide Material. The interfaces of eight different cyber
banking systems were selected as the experiment material
for this first experiment. The interfaces were selected to
ensure that all the different kinds of interfaces were
represented in this sample. They ranged from simple text
based inteffaces to three dimensional virtual reality
interfaces. The most representative screen of each interface



was prepared to be shown as static dlides, with the
exception of those interfaces in which the animation effects
constituted a major component of the interface. The final set
comprised of one text interface, five videotex interfaces
and two internet home pages. Figure 1 shows a sample of
the cyber banking interfaces used in the first experiment.
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Figure 1. Example Cyber Banking Interface
Procedure. The experiment was conducted in group
sessions of five to ten subjects. Three separate sessions
were conducted with atotal of 25 subjects. The subject pool
consisted of cyber banking system developers, bank
personnel, and cyber banking system users. Each session
lasted approximately 3 hours. The subjects were shown one
cyber banking interface at a time and asked to describe the
intensity and direction of the feelings elicited by that
interface on 7 point Likert scales. The subjects were
especially cautioned to mark :

your first impressions, the immediate ‘ feelings

about the interfaces shown...
on the 7 point scales as shown in figure 2.
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Figure 2. Emotive Differential Scale
The interfaces were shown on a 43 inch color monitor. The
subjects were required © mark 318 scaes for 8 dlides,
amounting to a total of 2544 judgments that needed to be
made. The subjects were given five minutes after each dide
to relax and empty their minds of the previous slide so asto
avoid carrying over the feelings from the previous interface
to the evaluation of the next slide. The order of the
interfaces was counter-balanced for each of the three group
sessions so asto prevent an ordering effect.
Results and Discussion
Each slot on the 7 point scale was assigned a number from 1
to 7 starting from the left. A total of 200 observations (8
interfaces x 25 subjects) were coded according to the
assigned numbers. The variables in this data set were the
318 emotive differential scales. The variables were clustered
in order to group the closely related scales. Cluster analysis

was used because the important emotional factors related to
the evaluation of the interfaces of cyber banking systemsis
not known apriori.

The two methods of cluster analysis employed in this study
were complete cluster analysis and Ward' s cluster analysis.
The results of the cluster analysis procedures were used to
weed out the unnecessary emotive scales. A total of fifteen
clusters were determined through complete cluster analysis
of which five were discarded due to significant
discrepancies with the results of Ward’ s cluster analysis. A
group of experts in cyber banking systems selected the
emotive differential scales that were most appropriate for
measuring the feelings elicited by interaction with cyber
banking interfaces from the remaining 10 clusters. Forty
bipolar emotive differential scales were selected to be
included in the final self report questionnaire. The final set
of emotive differential scales are shown in table 2. Although
the initial set consisted of various basic emotion terms,
most of these were filtered out as a result of the first
experiment. The remaining terms shown in table 2 are
representative of the non-basic, domain specific terms of
the emotions that are most important in interacting with
cyber banking systems.

Experiment 2

The second experiment was conducted to ascertain the
physical design factors of a cyber banking system interface
fromauser’ sperspective.

Materials and Procedure

Slide Material. Twenty six cyber banking interfaces were
selected for the second experiment. An extensive search
was made of the existing cyber banking interfaces to ensure
that al the different designs were accounted for in the final
dlide samples. The final set of cyber banking interface
stimuli consisted of 2 text interfaces, 13 videotex and 10
internet interfaces.

Procedure. The experiment was conducted in two phasesin
order to determine the important design factors from the
user’ s perspective. The first phase consisted of afreerecall
test in which the subjects were asked to describe the
feelings elicited by the twenty six cyber banking interfaces
on the differential scales. The instructions for this task were
the same as in the first experiment. The free recall test was
conducted at random intervals for a selected few interfaces.
After the subjects had finished marking the self reported
guestionnaires, the interfaces were hidden from view, and
the subjects were asked to draw what they could remember
of the interface. The experiment was conducted in two
group sessions of thirty subjects in total. The subjects
consisted of users, designers and managers of various age
groups.

The second phase of the experiment was conducted at the
end of the first phase. The subjects were given the 26
interfaces in random order and asked to group them based
on similar aspects. After the subjects finished grouping the



interfaces, the experimenter asked the subjects to explain
the criteria employed in grouping the interfaces [3]. These
criteria were translated into the corresponding design
factors.

Results and Discussion

Figure 3 shows a sample of the subject’ s drawing in the free
recall test. The drawing is that of the cyber banking
interface shown in figure 1.
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Figure 3. Extracting the Design Factors

The drawings indicate that the subjects tended to relate
more easily to figures that represented the interior of an
actual bank building. They also tended to remember familiar
figures of people, animals and other artifacts of everyday
life with more ease.

Results of the second phase of the experiment were used to
supplement the results of the first phase. The subjects
grouped cyber banking interfaces based on similar physical
design traits. The explanations provided by the subjects,
together with the drawings from the first phase made it
possible to extract the following design factors from a
user’ sperspective.

Table 1. Design Factors of Cyber Banking Interfaces- A
User’ s Perspective

Design Factor Category
Format Bar, Clipart ...
Title Graphics Included, Not Included
Position Top, ...
Main Fgrmat 3 Dimensional,... :
Clipart Size Over Yitotal screen size, ...
Motion None, Simple animation...
Content Numbers & text in a box,...
Menu Form Square,...
Size Over 1/16
Color Tone Cool shades...
Main color Pastel Colors...
Color Background White covering over %....
Brightness High.....
Symmetry Stability of color tones....

Experiment 3

The purpose of the final experiment was to determine the
dimensionality of the emotion space, and the interrelation

between the emotive dimensions and design factors of a
cyber banking interface.

Materials and Procedure

Questionnaire. The self report questionnaire used was
identical in format to that of the first experiment. The
questionnaire consisted of the forty representative emotive
differential scales selected from the results of the first
experiment.

Slide Material. Twelve cyber banking interfaces were
selected from the twenty six stimuli used in the second
experiment. The criteria applied in selecting the interfaces
was that of the fourteen design factors obtained from the
results of the second experiment. The minimum number of
interfaces covering al possible combinations of the design
factors was selected. The final set of stimuli consisted of
two text based interfaces, four videotex based interfaces
and six internet based interfaces.

Procedure. The procedure employed was identical to that of
the first experiment. Three separate sessions of 123 subjects
was conducted. The subjects consisted of thirty four
designers and other cyber banking system experts, sixty
one undergraduate students and twenty eight MBA
students. The ages of the subjects ranged from the late
teensinto the early forties, comprising all potential users of
cyber banking systems. The interfaces were projected onto
a 43 inch screen using a color beam projector. The subjects
were given approximately five minutes to mark the intensity
and direction of the feelings evoked by each interface. The
order of the interfaces was randomly generated for each
session in order to eliminate ordering effects. Each subject
had to provide judgments for each of the 480 items (40
emotive differential scalesx 12 cyber banking interfaces) on
the self report questionnaire.

Results and Discussion

Structure of the Emotion Space. A maximum likelihood
factor analysis, using promax rotation, was performed
across al subjects and cyber banking interfaces. The factor
analyses were thus computed on 1417 observations (12
interfacesx 123 respondents, with 59 observations
eliminated due to missing values). The seven factor solution
accounting for 80.6% of the variance was retained (other
factors accounted for less than 10% of the variance). The
emotive differential scales have been reordered in
descending order of factor loadings for each consecutive
factor. The highest loading scales for the first factor were
those that measured the attractiveness- unattractiveness of
the cyber banking interfaces. The second factor reflects the
symmetry - asymmetry of the interfaces, whereas the third
factor is adimension for the sophistication - or lack thereof
of the interfaces. The forth factor reflects an emotion that
can be crucial for effective user interaction with cyber
banking interfaces — trustworthiness -
untrustworthiness. Factors 5, 6 and 7 each reflect
awkwardness, elegance and simplicity respectively. Each of



these factors reflects one of the emotions that can influence
the effective interaction with cyber banking system
interfaces. The emotive scales that pertain to each factor
group were selected based on the factor loadings.

Interrelation between Emotive and Design Factors. In

order to determine the interrelation between the emotions
and the design factors of the cyber banking interfaces, the
factor scores were computed for each of the 1417
observations. The redundancy of the emotive differential

scales thus being reduced, the analysis was performed to
determine the relationship between the main emotional
responses represented by the seven factors and the
fourteen design factors. Analysis of variance (ANOVA)

was conducted with the factor scores as dependent
variables, and the design factors as independent variables.

The purpose of these analyses was to determine which

design factors are responsible for causing a particular
emotion. Regression analysis would have been more
appropriate for this purpose. However, the independent

variables al being nominal variables, interpreting the
regression analysis proved to be complex, even with the use
of dummy variables.

The first test of ANOVA was conducted to determine

whether or not the elicitation of emotions was influenced by
differences in the design factors. The results in Table 2
indicate that the main effect of the design factors on each of
the seven emotive dimensions are statistically significant. In
other words, the intensity and direction of the emotions
elicited by a particular interface is differentiated by the

value of each of the design factors.

Further ANOVA tests were conducted to determine exactly
which design factor was most significant in the elicitation of
particular emotions. Due to space limitations, in this paper

we will present the detailed analysis for only one of the
seven factors — factor 4, which reflects the
trustworthiness - untrustworthiness of cyber banking
interfaces. This is due to the importance of this particular

emotion in the design of cyber banking interfaces.

Table 2. ANOVA - Design Factor Main Effect

trustworthiness experienced from a particular cyber banking
interface.

Table 3. ANOVA - Main Effect of Clipart and Background
Color Layout on Trustworthiness

Desig Main Clipart Color
n . Mo- : Backg | Brigh | Symm
Factor | Form | Size tion Tone Main round | tness | etry
213.
F 0 148.2 17.0 401.7 2141 1905 | 78.7 277.6
.000
P 1 .0001 | .0001 || .0001 .0001 .0001 | .0001 | .0001
. Homo
Desig Yo many
n 3D screen | anima _?OOI Pastel | None | Low gene
Factor | (-41)| size | -tions || 'O | (-.15) | (-21) | (-19) | OUS
(--28) Color
(mean) (-.26) | (-.17) (.15)

Attra | Sym | Sophi | Trust Awk- e Simpl

ctive- m- stica | wor- ward ance | i-cit

ness etry -tion thy 9 Y
F 9999 9999 9999
Value 9 124.5 9 189.9 | 99.9 2098 9

P>F [ .0001 | .0001 [ .0001 | .0001 | .0001 | .0001 | .0001

Factor 4 - Trustworthiness. The design factors that were
most important in deciding the trustworthiness -
untrustworthiness of cyber banking interfaces was
identified to be those related to the main clipart inserted in
the interface, and the color layout of the overall
background. This was determined based on the amount of
variance explained of the dependent variable in the first
ANOVA test. The following table displays the main effect
of each of the eight design factors on the extent of

The results indicate that each of the eight design factors
has a significant effect on the elicitation of the feeling of
trustworthiness. The last row in the table indicates the
value of the design factor that is most effective in eliciting
the feeling of security. The values in parentheses are the
mean factor scores for the respective design. The results
indicate that a cyber banking interface that will enhance the
user’ sfeeling of trust in the security of the transaction must
be designed using three dimensional, dynamic clipart. Its
background should be a moderate pastel tone color, without
using avast number of colorsin the background.

The effective use of colors and the selection of the
appropriate clipart will influence the feelings that are
aroused in the user, thusinfluencing the effectiveness of, or
the very desire to conduct financial transactions through
the cyber banking system. The results of this ANOVA test
reveal that each of the design factors relating to the use of
clipart and color have a separate effect upon the
trustworthiness of an interface. However, they provide little
insight as to the optimal combination of design factors for
maximum elicitation of trustworthiness.

GENERAL DISCUSSION

The central question addressed by this paper was that of
the possibility of designing emotive interfaces which can
involve the users emotionally and thus enhance the quality
of the decisions made while interacting with that computer
system. A new design methodology for human computer
interfaces was proposed. Emotive Interface Engineering
applies the theory of emotions and the role of emotions in
problem solving to the development of interfaces that can
aid the user by eliciting emotions or other non affective
feelings that aid decision making through the information
provided.

The results indicate that it is possible to design user
interfaces that will appeal to universally common emotions
in all human beings. The high values of the ANOVA effects
relating to the interface manipulation indicate that there was
little individual variation in the quality of emotion brought
forth by the cyber banking interfaces. Prior research in
emotion elicitation using films have determined that there




are no inter cultural differences in the particular type of
emotions elicited [8]. This makes it possible to extend the
findings of this paper to other cultures.
The results of the present study have interesting
implications for the future of human computer interaction.
They demonstrate that it is possible to elicit target emotions
in amajority of individuals, thus making it possible to
design emotive interfaces for widespread use. This makes it
possible to establish connections between the physical
design factors and emotions elicited by the interface,
thereby enabling an explicit method of dealing with the
emotional aspect of user interfaces. Interfaces thus
designed will be sure to appea to the individual user’ s
emotions and make the experience of interacting with the
computer system, whether it be to shop, to perform atask or
to play a game, a true virtual experience, a mimesis of the
actual world.
Further research is currently under way along this line to
develop a standard of cyber banking interfaces. The present
study merely applied the Emotive Interface Engineering
methodology to the evaluation of existing cyber banking
interfaces. In future studies, the design factors identified in
this study will be actually incorporated into the design of a
standard emotive interface for cyber banking systems.
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