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Prologue

While writing this thesis I gather information about my surroundings
through each of my senses. And while doing so, I combine and integrate
the information so that I can best perform this task. Alternating between
the key - pad and the screen, I look where certain characters are and if my
typing is correct. At the same time, my hands and wrists touch the sides
of my laptop helping me to place my fingers at the right keys. The mild
resistance of the keys I feel and the soft clicks I hear when I touch them
tell me that I have typed a character. I have been typing for some time now,
my laptop is beginning to feel warm, I hear the fan turning on, and I can
smell the electronics. In similar ways, we experience products through all
our senses almost continuously. In most cases, we can relate the information
we obtain through the different senses to each other. Furthermore, what
we perceive corresponds to expectations we have formed based on earlier
use of the product or experience with similar products. Consequently, we
sometimes hardly notice the sensory characteristics of the products we use.

But what happens when our expectations about the sensory characteristics
of a product are somehow disconfirmed? How would people react if the
information perceived through two or more senses conflicted? Will such a
product evoke a surprise reaction? Will the product be more appreciated
because it offers a new experience?r And how will the incongruent infor-
mation be used? Will the information obtained through one of the senses
dominate the other sensory information? Should designers avoid designing
sensory incongruity or can they use it to their benefit? This thesis bundles
independent articles (Chapters 2 — 7) that study various aspects of these
questions using different methods. Each of the articles was introduced and
discussed from the perspective of that particular study. Inevitably, this has
caused some ovetlap in the information provided in the different chap-

Sensory incongruity and surprise in product design

11



ters. Nonetheless, to frame our research, we introduce the main themes
that underlie each of our studies in Chapter 1. Furthermore, we discuss
the findings of the different studies in relation to each other in Chapter 8.
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Introduction

Multisensory design

Information from all the sensory modalities influences how someone experi-
ences a product. The sound of a product may tell a person something about
its quality, the colour may influence the product’s expression, its odor may
be perceived as pleasant or unpleasant, and so on. More and more people
understand how products that address each of the modalities can appeal to
users through all their senses. As an example, in 2004 Magnum introduced a
limited edition series of ice cream: Magnum 5 senses. Each of these five dif-
ferent ice creams was dedicated to one of the senses. The Magnum Sound,
for example, was filled with pieces of caramelised sugar that produced a
sound while the ice cream was eaten. Figure 1.1 shows the packages of the
Magnum five senses ice creams on which each of the senses was visualized.

Figure 1.1 Magnum 5 senses ice creams.

Sensory incongruity and surprise in product design
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As another example, some time ago, I received an invitation to the opening
of a new showroom of my Alfa Romeo dealer (see Figure 1.2). It invites me
to come and let my senses be stimulated. Subsequently, the invitation tells me
how each of my senses will be addressed: I can see, hear, smell and feel the
cars in the showroom and I can taste the drinks that will be served (and that
synchronize in color with the familiar Alfa-red). These are just two of the
many examples in product design and marketing (see also Lindstrom, 2005)
that illustrate the growing attention for the senses.

Prikkel uw zintuigen.

Figure 1.2 Invitation for the opening of a new Alfa Romeo showroom. The text on the left part of the
figure (front) reads ‘Stimulate your senses’, the text headings on the right part of the figure (inside) read:
‘See’, “Taste’, ‘Hear’, ‘Smell’ and ‘Feel’.

However, sensory impressions obtained through hearing, seeing, touching,
smelling and tasting do not always contribute to a desired end-experience
in an integrated way. Janlert and Stolterman (1997) emphasized that all the
senses add to the ‘character of things.” On the basis of the perceived physi-
cal characteristics, such as color, size, or shape, people can infer expressive
or personality characteristics of products, for example, the toughness or the
femininity of a product (Govers, Hekkert, & Schoormans, 2004). Design-
ers can manipulate a product’s expression to influence the experience of
a product (van Rompay, Hekkert, Saakes, & Russo, 2005). For example, a
slim-shaped stainless steel lemon juicer may be experienced as luxurious and
elegant while standing on the kitchen sink, but its loud and harsh sound may
diminish the experience of luxury when it is used. In such cases, it will be
hard to integrate the information from different senses into a coherent prod-
uct experience. Instead, the information from one of the senses may clash
with other sensory inputs and thereby have a major (undesirable) effect on
the product experience. Hence, designing sensory experiences can be aimed
at communicating a consistent message to all sensory channels, making this
message a stronger one.

14 | Introduction



Another, completely opposite approach, is designing a product in a way that
incongruent information is provided to different senses. Designers can use
this approach to surprise consumers, to make exploring the product more
challenging, and to let them discover something new. Whether they want to
communicate a consistent message through all sensory channels or prefer
to design for surprise, designers who intentionally try to create specific ex-
periences for their audiences are more likely to achieve the intended effects
when they think about and address each of the sensory modalities through
their design. For example, a designer could decide to design a lemon juicer
that communicates elegance through all the senses or he or she could decide
to offer an incongruous aspect in one of the senses. The studies presented
in this thesis will demonstrate that designers can benefit from designing for
multiple modalities.

Sensory incongruity

The different modalities bring different types of information that is com-
pared, combined, integrated and processed to finally form a coherent view
of the object that is perceived. Although people perceive different types of
sensory information through the different modalities, the information they
perceive is somehow related. People (think they) know how certain things
feel without actually touching them and they (think they) know how other
things smell without actually smelling them.

This knowledge about sensory characteristics of objects may be due to per-
ceptual learning. Information about the objects that surround us and that we
experience continuously, is stored in cognitive schemas. Research suggests
that these schemas contain multisensory information (Neisser, 1976). Thus,
while they experience objects in the world, people learn to relate and integrate
different types of sensory information. It has also been argued that there are
innate neural connections between brain areas of the different modalities
(Marks, 1978). Maurer and Maurer (1988) discussed evidence for such innate
wiring and state that newborn babies do not appear to discriminate between
inputs from different sensory modalities. Maurer and Maurer suggested that
a lot of this sensory confusion is lost with maturation in most people. For
some, however, the confusion remains into maturity. For these people, called
syneasthetes, the interrelation of the senses is very obvious. They see, for ex-
ample, colors for sounds or numbers. Syneasthetic perception occurs when
stimulation of one modality leads to automatic, involuntary expetiences in
a second modality (Cytowic, 1989). Although only a small number of adults

Sensory incongruity and surprise in product design
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demonstrate synaesthesia, many people may still have residual connections
between input from different sensory modalities (Zellner and Kautz, 1990).
Merleau-Ponty (1962) has argued that synaesthetic perception is not a phe-
nomenon that occurs for some people only. In a way, he says, people all ex-
perience the interrelations between the senses, whether it be through learned
association or through some form of syneasthesia. For example, the form
of objects stands in a certain relation to their specific nature, and appeals to
all other senses as well as sight. The form of a fold in a cotton cloth shows
us the resilience or dryness of the fibre, as well as the coldness or warmth
of the material.

Someone who perceives a product does not necessarily use all senses at the
same time. Therefore, perceiving a product through one sense modality first
can create an expectation on what will be perceived through other sense mo-
dalities. If, upon perception through a second sense, this expectation is dis-
confirmed, the information from the two senses is incongruent. In this way,
12 forms of sensory incongruity can occur that are defined by two param-
cters, (1) the 4 senses that are used to perceive the product (vision, audition,
touch and smell) and (2) the order in which they are used (see Figure 1.3).
Because our research does not involve food products, we will not include the
sense of taste in our overview.

b - =
g e ZL
&
SECOND ™ L

x Visual - Olfactory | Auditory - Olfactory | Tacual - Olfactory

Olfactory - Visual }; Auditory - Visual Tactual - Visual
Olfactory - Auditory | Visual -Auditory x Tactual - Auditory
Figure 1.3 Matrix of sensory incongruity:
Visual — Olfactory, Visual — Auditory and Vi-
Olfactory - Tactual Visual - Tactual Auditory - Tactual i>‘- Sual _ Tactual 1nc0ngru1t}7 are mOSt felevant for

product design.

[ -—
IO I g

Some senses are more likely to be used first than others. The senses can be
divided into two groups: the distance senses, which are audition, vision and
olfaction, and the proximity senses, which are taste and touch. People are
capable of seeing, hearing and smelling objects from a distance, but to touch
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or taste something people have to be in physical contact with the object. The
perception of temperature forms an exception here, people can fee/ a heat
or cold source from a distance. However, it is more likely that a person will
perceive an object through vision, audition or olfaction first. Furthermore,
people have reported that a product’s appearance is often relatively more im-
portant than a product’s sound or scent (Schifferstein, 2006) and among the
three distance senses, vision will provide the most detailed information about
a product within the shortest time frame (Jones & O’Neil, 1985; Schifferstein
& Cleiren, 2005). In addition, people often do not perceive scents conscious-
ly or it may take them a while before they perceive a scent. Perceiving the
sound of an object first is most likely to occur when the object is hidden or
too far away to see. Therefore, the forms of sensory incongruity that start
with a visual impression seem to be the most relevant for product design.
These forms of sensory incongruity were studied in this thesis.

Surprise

Based on theoretical research on surprise, designer Silvia Grimaldi (2006)
presented a technique for the creation of surprising objects. Amongst others,
she created surprising products based on the incongruity between what an
object looks like and how it feels. The first step in Grimaldi’s design process
involves studying what is expected of objects. Secondly, the designer has
to find opposites of the expected characteristics and incorporate these into
the new design. The vases in Figure 1.4 created by Madieke Fleuren form
an example. These vases look like they are made of leather patches that are
stitched together, however, they are made of porcelain that mimics the char-
acteristics of the soft, supple material. Someone touching such a vase will
probably be surprised by the discrepancy between what he thought he would
teel and the actual experience. This may evoke curiosity about how the vase
is made, which could result in further exploration of the product.

Figure 1.4 Leather vases designed by
Madicke Fleuren.

Sensory incongruity and surprise in product design | 17
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Figure 1.5 shows the process of experiencing surprise through sensory in-
congruity. In short, a surprise-eliciting event follows four steps: first, an
event is experienced as exceeding some threshold value of unexpectedness;
second, a surprise experience occurs; third, ongoing activities and informa-
tion processing are interrupted and attention is focussed on the unexpected
event; finally, the unexpected event is analysed and evaluated and, if deemed
necessary, stored knowledge is updated and a more effortful, conscious, and
deliberate analysis of the unexpected event is initiated (Meyer, Niepel, Ru-
dolph, & Schutzwohl, 1991; Meyer, Reisenzein, & Schutzwohl, 1997; Stay-
man, Alden, & Smith, 1992).

perception
through first |
modality fecling of
’ surprisc

expectation evaluation of
about other

modalities

surprise

interruption of

on-going activities
perceived incongruity ¢

facial

schemas from
experience

perception
through second
modality

expression
exploratory

behaviour

spontancous
vocalisations

Figure 1.5 Sensory incongruity and surprise

We distinguish between a number of processes and actions in the ‘surprise
episode’. The ‘feeling of surprise’ refers to the subjective feeling of surprise.
A surprising event can be evaluated as pleasant or unpleasant (generally) or as
annoying, irritating, joyful, etc (more specifically). ‘Interruption of ongoing
activities” comprises a sudden stop of all activity, both mental and physical,
and a focusing on the surprising event. The ‘facial expression’ of surprise is
defined by three components: widening of the eyes, raising the eyebrows,
and opening of the mouth (Darwin, 1873; Ekman & Friesen, 1975). ‘Spon-
taneous vocalizations’ are vocalizations that reflect the unexpected nature
of the surprising event and that are made almost unconsciously, e.g., “Oh!”.
The ‘Evaluation of surprise’ is a subjective evaluation of what the surprising
event means to the person who is experiencing it. ‘Exploratory behavior’ re-
fers to actions that are used to gain information about the unexpected event
and to lower the heightened arousal level (Berlyne, 1966).

While the first four of these processes together form the manifestations of
a surprise reaction, the last two reflect cognitive and behavioral reactions to-

Introduction
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wards the surprise experience. The double-headed arrows within the surprise
episode in Figure 1.5 indicate that these processes and actions may alternate
or may occur simultaneously (Lewis, 2005; Scherer, 1982; Smith & Ellsworth,
1985). The outcome of the surprise episode is likely to affect the overall
evaluation of a surprising event.

Emotion theorists have put forward different views on surprise. Some of the
researchers adopting a categorical approach to emotions regarded surprise as
one of the ‘basic emotions’ (Ekman and Friesen, 1971; 1zard, 1977; Plutchik,
1980). They distinguished surprise from other emotions based on its unique
manifestations (e.g., facial expression, and feeling of surprise). Russell (1980)
organized emotions on two dimensions, arousal and pleasantness. He classi-
fied surprise as an emotional state high in activation and neutral in valence,
i.e. neither unpleasant nor pleasant.

Another group of theorists have used appraisal theories to explain the dif-
ferences and similarities between emotions. They see emotions as the result
of an individual’s evaluation and interpretation (appraisal) of events in the
environment (Smith and Ellsworth, 1985; Scherer, 1987; Roseman and Ev-
dokas, 2004). Lazarus and Smith (1988) see true appraisal as the assessment
of the implications of events for an individual’s goal commitments. Most ap-
praisal models suggest that combinations of several different appraisal types
eventually cause an emotion. Surprise has been associated with appraisals of
unexpectedness, pleasantness, novelty, motive consistency, and complexity
(Smith and Ellsworth, 1985; Roseman et al., 1996; Reisenzein, 1999).

For our purposes, appraisal theory is valuable because it explains how emo-
tions can be elicited. For surprise elicited by products, Desmet (2002) de-
fined different appraisal patterns for pleasant surprise and unpleasant sur-
prise. Both appraisal patterns consist of the combination of an appraisal of
novelty (in terms of suddenness and unexpectedness) combined with one
of three other appraisal types (‘motive (in)compliance’, ‘(un)appealingness’,
and ‘(i)legitimacy’) and that determine whether the surprise will be experi-
enced as pleasant or unpleasant. The patterns of appraisals Desmet defines
to distinguish pleasant surprise from unpleasant surprise are similar to the
patterns he defines for the product emotions amusement and disappoint-
ment respectively.

The combinations of multiple appraisals Desmet defined for pleasant and
unpleasant surprise and the overlap with the appraisals he defined for amuse-

Sensory incongruity and surprise in product design
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ment and disappointment are in line with theories in which surprise is seen
as the first stage in a sequence of appraisals. The evaluation of the environ-
ment is a dynamic and continuous process. Events evaluated as relevant to
a person are evaluated further. In this way, emotions result from appraisal
structures rather than from single appraisals (Silvia, 2005a). Several research-
ers (Scherer, 1987; Meyer et al., 1997) have argued that when a sequence of
appraisals starts with appraising an event as unexpected, it will result in sur-
prise. Subsequently, the surprising event is further evaluated and a ‘second’
emotion is elicited. Silvia (2005b) suggests that interest can follow surprise
in such a sequence of appraisals, when an appraisal of novelty is followed by
an appraisal of coping potential. In Roseman’s model (Roseman et al., 1996)
of the appraisal determinants of emotions, surprise is the only emotion that
results from a single appraisal (unexpectedness), whereas all other emotions
result from combinations of appraisals. Scherer (1987, pp15) stated that sur-
prise is often only the precursor to other emotions.

Some authors have suggested that surprise is not an emotion. For instance,
Ortony et al. (1988) suggested that surprise is not an emotion because it
lacks hedonic value. However, because of its distinct manifestations (e.g., the
feeling of surprise and the facial expression of surprise) others view surprise
as an emotion. Of course, the answer to the question lies in the definition
of emotion, an extensive discussion (see Kleinginna and Kleinginna, 1981)
that we did not include here, because it does not seem particularly relevant
to designers.

This thesis

This thesis discusses what happens when people perceive incongruent in-
formation through different sensory modalities. In the previous paragraphs
we have outlined that product expression, product experience, and surprise
are all affected by perceiving incongruent sensory information. In various
experiments, we have investigated different parts of this process and how
designers can and do make use of sensory (in)congruity in product design.
To do so, we have used different techniques, varying from interviews with
designers to focus groups, to empirical tests. In our empirical studies, we
have in some cases presented people with products as they are available on
the market, but we have also sometimes adapted products and created our
own products with sensory incongruities.

Introduction



Chapters 2 — 7 can be read as independent studies. In chapter 2, we explore
the occurrence of surprise in product design and we analyze and discuss
strategies that designers seem to use to design surprising products. Chapters
3, 4 and 5 consist of three studies that describe experiments on different
types of sensory incongruity: visual — tactual incongruity, visual — auditory
incongruity and visual - olfactory incongruity. In these experiments, the ef-
fects of sensory incongruity on surprise, on product expression and on the
overall product experience and evaluation are examined. Surprise is often
described as a one-time experience. However, this one-time experience may
still have its effect on the long-term. For the experiment described in chapter
6, we created products with visual — tactual incongruities and we investigated
what happens to people upon repeated presentation of the same, initially
surprising product. We also present a two-stage model of surprise that links
surptise to other emotions. The experiment described in chapter 7 builds
on the studies described in chapters 3 — 6. In this experiment, we compared
products incorporating the different types of sensory incongruity, and we
studied part of the two-stage model: the relationship between surprise and
the emotions amusement and confusion. Furthermore, the development of
stimuli for this experiment serves as a case-study on how designers can cre-
ate sensory incongruities in products. Finally, Chapter 8 discusses the results
of the separate studies in relation to each other and the implications of our
findings for product designers.

Sensory incongruity and surprise in product design
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Surprise in product design

Introduction

Imagine yourself queuing for the cashier’s desk in a supermarket. Naturally,
you have picked the wrong line, the one that does not seem to move at all.
Soon, you get tired of waiting. Now, how would you feel if the cashier sud-
denly started to sing? Many of us would be surprised and, regardless of the
cashier’s singing abilities, feel amused. The preceding story is an example of
how a surprise can transform something very normal, and maybe even bor-
ing, into a more pleasant experience. Analogously, a surprise in a product can
overcome the habituation effect that is due to the fact that people encounter
many similar products everyday. Colin Martindale (1990) describes this effect
as ‘the gradual loss of interest in repeated stimuli’.

A surprise reaction to a product can be beneficial to both a designer and a
user. The designer benefits from a surprise reaction because it can capture
attention to the product, leading to increased product recall and recognition,
and increased word-of-mouth (Derbaix & Vanhamme 2003, Lindgreen &
Vanhamme 2003). Or, as Jennifer Hudson (2004) puts it, the surprise ele-
ment “elevates a piece beyond the banal”. A surprise reaction has its origin
in encountering an unexpected event. The product user benefits from the
surptise, because it makes the product more interesting to interact with. In
addition, it requires updating, extending or revising the knowledge the expec-
tation was based on. This implies that a user can learn something new about
a product or product aspect.

Sensory incongruity and surprise in product design
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Designers already use various strategies to design surprises in their products.
Making use of contrast, mixing design styles or functions, using new materi-
als or new shapes, and using humor are just a few of these. The lamp ‘Porca
Miserial” designed by Ingo Maurer that is shown in the left part of Figure 2.1
consists of broken pieces of expensive porcelain tableware, making it a lamp
with a unique shape. The idea that another product had to be destroyed to
make this lamp may inflict feelings of puzzlement and amusement on some-
one who sees this lamp. The perfume ‘Flowerbomb’ (right part of Figure
2.1) designed by fashion designers Victor & Rolf is another example. The
bottle is shaped like a hand grenade and it holds a sweet smelling, soft pink
liquid. By combining conflicting elements in their perfume bottle, Victor &
Rolf have succeeded in creating a perfume that attracts attention amidst the
dozens of perfumes that line the walls of perfumeries.

Figure 2.1 Lamp ‘Porca Miserial’ de-
signed by Ingo Maurer. Photo: Tom
Vack. Perfume ‘Flowerbomb’ designed
by Victor & Rolf.

Surprise is also used in product marketing as a positive quality of products
or brands. Kia, a South-Korean car manufacturer, even uses surprise as the
brand’s major pay-off: ’Kia, the power to surprise’. Furthermore, Swatch, the
famous Swiss watch manufacturer, claims that their brand is ‘always surpris-
ing’ (Figure 2.2).

This chapter will outline the use of surprise in contemporary design. Based
on an analysis of a set of surprising products and on discussions with the de-
signers of some of these products, we will give insight into how and why de-
signers create surprising products and what the effects of creating surprises
are. We noticed that designers often make use of visual — tactual incongrui-
ties to create surprising products. For example, an analysis of designs in five
issues of The International Design Yearbooks (Morrison, Horsham & Hud-
son 1999, Maurer & Andrew 2000, de Lucchi & Hudson 2001, Lovegrove &
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Hudson 2002, Rashid 2003) showed that 1-6 % of these designs incorporate
some form of visual — tactual incongruity. Therefore, we decided to focus
our discussion of surprise in product design on this type of products.

The Power to Surprisem THE Roor
g ) ; Figure 2.2 Logo of Kia with
“ . pay-off: “The power to surptise’.
f’ Advertisement of Swatch with
- claim ‘Always surprising’.

Visual - tactual incongruities and surprise

Visual — tactual incongruities occur when people perceive incongruent infor-
mation through vision and touch. Some object properties can be expetienced
through both vision and touch. People can, for example, both see and feel a
texture or a shape. However, the information the two modalities provide is
not always the same. Sometimes, you feel something different from what you
(thought you) saw. If you feel something unexpected, you will be surprised.
We studied 101 products with visual — tactual incongruities (63 found in the
IDYs and 38 found at design fairs, on the Internet, and in shops) and dis-
tinguished two types of surprising products that have different mechanisms
underlying the surprise reaction. We defined these two types of surprising
products as ‘Visible Novelty’ (VN) and ‘Hidden Novelty’ (HN). The distinc-
tion between the two surprise types is based on the initial sensory expecta-
tions the user forms.

Expectations can be based on different sources of information. Oliver and
Winer (1987) mention three sources for expectations as conceptualised by
Tolman (1932): ‘memories of actual experiences, perceptions of current
stimuli, and inferences drawn from related experiences such as trial of other
objects. With respect to expectations about how a product will feel, taste,
smell or sound this implies that a person’s visual impression of a product,
his/her previous experiences with that product, or expetiences with similar
products can be the basis for the expectation.

Sensory incongruity and surprise in product design
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An expectation involves uncertainty (Oliver & Winer 1987), which depends
on the source of the expectation. When the expectation is based on a mem-
ory of an actual experience, the level of uncertainty is likely to be lower than
when it is based on inferences drawn from related experiences. In the latter
case, the perceiver cannot be sure that the current experience is fully compa-
rable to the related experiences and will thus be more uncertain about what
to expect.

The sources for expectations and their uncertainty differ between the two
surprise types. The VN surprise type consists of products that seem unfamil-
iar to the perceiver. Consequently, the perceiver is not able to form an expec-
tation based on previous experiences with the product. The perceiver forms
an expectation about how the product will feel based on resemblances with
other products in, for example, shape or material. A high degree of uncer-
tainty will accompany this expectation. A surprise is experienced whenever
the uncertain expectation is disconfirmed. A VN product can, for example,
be made out of a new material that the perceiver vaguely associates with a
material he/she knows. An expectation could then be based on experiences
with the known material, but the new material can have very different tactual
properties.

The HN surprise type includes products that seem familiar to the perceiver,
but have unexpected tactual properties. In this case, the expectation about
how the product feels is based on previous experiences with a similar prod-
uct. The perceiver is quite certain about his/her expectation. A surprise is
elicited, because the apparent familiarity is evidently proven wrong by touch-
ing the product, disconfirming the expectation: the visual perception is mis-
leading or the product has hidden characteristics that prohibit the perceiver
from forming a correct expectation. An example of a HN product is a plastic
bowl that looks like a crystal bowl. Upon secing this product, the perceiver
thinks that the product will be heavy. When the product is touched and lift-
ed, however, the perceiver is surprised about the much lower weight of the
bowl.

Design strategies

Designers seem to create products in the HN and VN type by making use
of several different design strategies. We identified six different design strat-
egies (DS): ‘new material with unknown characteristics’, ‘new material that
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looks like familiar material’, ‘new appearance for known product or material,
‘combination with transparent material’, ‘hidden material characteristics’, and
‘visual illusion’.

In all six strategies, a combination of two opposites is used: something new
is used (‘Newness’) and a reference to something familiar is made (‘Familiar-
ity’). The combination of new and familiar elements is likely to result in sur-
prise. The familiar element of the product forms the basis for an expectation
about other elements. Subsequently, the new element will disconfirm this
expectation. New and/or familiar elements can be used in the visual domain
in the appearance of the product (e.g., in shape, material, or type of product),
and/or in the tactual domain in the material properties of the product (e.g.,
in weight, flexibility, or balance).

The newness of a product s likely to be relative. According to Berlyne (1971),
it is highly unlikely that someone encounters an absolutely novel stimulus,
a stimulus unlike anything that individual has met before. Probably, what
someone perceives as new, will consist of previously experienced elements
in a different combination, or will resemble familiar stimuli. This is what
Berlyne describes as relative novelty. Hekkert et al. (2003) found that peo-
ple prefer products with an optimal combination of typicality and novelty.
Their findings are consistent with the design principle called MAYA (most
advanced, yet acceptable) by designer Raymond Loewy (1951). Analogously,
people will prefer products that have a combination of both familiar (i.e.,
typical) and new (i.e., novel) elements.

The next sections discuss how these two elements are present in each design
strategy. In addition, we present examples of products that could have been
designed following that strategy. The design strategies can result in the two
different types of surprising products discussed. Four strategies can lead to
a product in the VN type. One of these strategies can also lead to a product
in the HN type and the two other strategies can only lead to a product in the
HN type. Figure 2.3 illustrates the relationship between the six design strate-
gies, newness and familiarity, and the two types of surprising products.

Sensory incongruity and surprise in product design
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New material with unknown characteristics

Appearance
product type, shape,
texture, color

New material that looks like familiar material Visible
Novelty

New appearance for known product or material

Newness

Combination with transparent material Hidden

Material properties Novelty
flexibility, weight,

texture, temperature

Hidden material characteristics

Visual illusion

Figure 2.3 Relationships between design strategies, their underlying dimensions and resulting types of

surprising products.

Design Strategies 1 and 2: New materials

New materials are likely to have new and unknown characteristics that can
lead to new visual and/or tactual experiences. According to Ezio Manzini
(1989) more and more surprising products have gradually occurred on the
market due to a ‘loss of recognition’ since the introduction of plastics. Many
new plastic materials possess unknown material characteristics. Upon seeing
these materials, people experience uncertainty about their feel characteristics
because they do not know them. Upon touching the materials they might be
surprised by their feel. For example, the much lighter weight of many plastics
combined with their strength relative to previously known materials like steel
and wood surprised many people when plastics were first introduced.

The development of smart(er) materials also offer wide opportunities for
designers to explore new sensory experiences (Verbiicken 2003). An example
of the use of a smart material is a water kettle made out of a thermochromic
material that changes colour when its temperature rises. Through this materi-
al, the kettle ‘warns’ the user when it is hot. Several companies and institutes,
such as Material Connexxion, Materia and Innovatheque assist designers in
their search for new and innovative materials.

When observing a new material, a perceiver will form a feel expectation
based on resemblances with familiar materials. When the new material looks
exactly like a known material, these expectations can be certain. If not, they
will be uncertain. These two cases yield very different design approaches and
are, therefore, discussed as two separate design strategies.

28 | Surprise in product design



Design Strategy 1: New material with unknown characteristics

The foam developed for Prada depicted on the left in Figure 2.4 is a structure
with large holes, which make it look like it is flexible. However, when seen in
a large construction, it also resembles hard plastic because it seems to hold a
certain weight. Someone who sees this foam may not be certain about how
it feels. The same holds for the cloth depicted on the right in Figure 2.4: it
looks like flexible plastic but reflects the light slightly differently, leading to
an uncertain expectation. In reality, the cloth has feel characteristics different
from plastic: it feels soft, very similar to silk. A new material with unknown
characteristics will lead to a product in the VN type, because someone who
sees the material is uncertain about how it will feel.

Figure 2.4 Examples of products
corresponding with DS1, new ma-
terial with unknown characteristics.
Foam for Prada, designed by OMA.
Polyamide/ viscose cloth, designer

unknown.

Design Strategy 2: New material that looks like familiar material

If someone sees a new material and is, nevertheless, certain about how it will
teel, he or she can be surprised upon touching the product. Apparently, he
or she had incorrectly identified the new material as a familiar material and
is surprised that this material feels different. Designers often deliberately use
this effect when they create a generally well-known product out of another
material. This design strategy always leads to products in the HN type. After
all, for a surprise to occur the product must look exactly like a familiar prod-
uct. Examples of products that are in correspondence with this strategy can

be found in Figure 2.5.

The vase on the left looks like a crystal vase. Its shape and the decorations
on the surface are highly similar to those used for traditional crystal vases.
However, this vase is made out of plastic, which results in entirely different
teel characteristics: this vase is much lighter than the crystal vase it resembles.
The lamp on the right looks like it is made out of matt glass. Again, it re-
sembles typical glass lamps in shape and surface texture. This lamp is actually
made out of flexible polyurethane rubber and it feels much more flexible
than a lamp made out of glass.

Sensory incongruity and surprise in product design
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Figure 2.5 Examples of products
corresponding with DS2, new ma-
terial that looks like familiar mate-
rial. Polycarbonate vase, designer un-
known. Lamp ’Flexlamp’, designed by
Sam Hecht.

Design Strategy 3:

New appearance for known product or material

Using a new appearance for a familiar product or material can lead to an un-
certain, incorrect feel expectation. If the new appearance resembles another
well-known product or material, a designer creates a deliberate reference to a
familiar thing, Since the new appearance is immediately visible, this leads to
an uncertain feel expectation and thus to a VN type product.

The tiles on the left in Figure 2.6 are made out of ceramics like most tiles.
However, using a new shape (resembling the shape of a softer material) for
this product results in the uncertain expectation that these tiles may feel soft.
The tiles actually feel hard, like other ceramic tiles.

Alternative or new production techniques can also be used to create new
shapes for known materials. The lamp on the right in Figure 2.6 is made
using a 3D printing technique, creating a new shape for a lamp and for the
material, polyamide. The lamp looks like it is made out of cloth or paper and
may be expected to feel light and flexible. However, it feels solid, heavy and
not flexible.

Figure 2.6 Examples of products corresponding with DS3, new shape or product for known mate-
rial. Tiles “Tactiles’, designed by Baukje Trenning, produced by Koninklijke Tichelaar Makkum. Lamp
Konko’, designed by Willeke Evenhuis & Alex Gabriel.
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Design Strategy 4: Combination with transparent material

A new combination of a familiar material with an (also familiar) transpar-
ent material can produce conflicting information about feel characteristics,
leading to an uncertain feel expectation. A combination with a transparent
material can, therefore, lead to a product in the VN type.

The benches on the left in Figure 2.7 are made of a combination of soft
foamy cushions and a hard plastic cover. The cushions are associated with
softness, leading to the expectation that the cover is soft too, and that the
cushions will be felt when sitting down. However, the hard cover makes the
bank feel completely rigid.

The natural acrylics range of Pyrasied Xtreme Acrylic (Zijlstra 2005) is an-
other example of a new combination of materials. In this range of acrylics,
natural materials are combined with transparent plastic (see picture on the
right in Figure 2.7). Someone who sees this material may not be sure whether
or not the natural material, in this case bamboo, can be felt. In reality, only a
smooth plastic surface can be felt.

e

Figure 2.7 Examples of products corresponding with DS4, new combination of materials. Tables ‘Apple’,
designed by Ilaria Marelli. Courtesy of designer. Natural Actylic, designed by Pyrasied Xtreme Acrylic.

Design Strategy 5: Hidden material characteristics

Some of the materials used in a product may be hidden. By hiding these
materials, relevant feel characteristics cannot be observed. The feel expecta-
tion is based only on the visible materials, thus leading to an incorrect feel
expectation. This expectation can be either uncertain or certain, depending
on how familiar the product looks. Consequently, this strategy can lead to
either a product in the VN type (see first example) or in the HN type (see
second example).
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The chair on the left in Figure 2.8 looks like it is made out of paper, which is
uncommon for a chair. This appearance may lead to the uncertain expecta-
tion that this chair is very light. However, beneath the paper there is wood, a
much heavier and more rigid material.

The bench on the right in Figure 2.8 is from Bisazza’s ‘Soft Mosaic Collec-
tion’. The bench looks like it is made out of glass tiles. Someone who sees
this bench will probably be certain that it feels hard and rigid. However, be-
neath the small tiles, there is a soft foam-type underlay. The bench, therefore,

yields when sat upon.

Figure 2.8 Examples of products corresponding with DS5, hidden material characteristics. Chair ‘Bas-
tian’, designed by Robert Wettstein. Bench from Bisazza’s ‘Soft Mosaic Collection’, designed by Jurgen
Mayer.

Design Strategy 6: Visual illusion

Visual illusions can be used to form a misleading appearance. Artists have
used visual illusions like trompe l'oeils for a long time. Applied in product
design, similar techniques can lead to certain, but false feel expectations.

The cupboard on the left in Figure 2.9 has a printed laminate that makes it
look like there is a cove in the cupboard, which in reality does not exist. The
glass bowls on the right in Figure 2.9, named ‘Solid, solid+liquid and liquid’
look like they are all hollow shapes when viewed from above. However, some
of the bowls actually have an almost flat upper surface.

It must be noted that a visual illusion is often solvable by using vision only,

mostly by changing viewing position. However, when a visual illusion is
solved by touching the product, a visual — tactual incongruity is perceived.
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%
Figure 2.9 Examples of products corresponding with DS6, visual illusion. Cupboard “Yourside’, de-

signed by Markus Benesch (Money for Milan). Bowls ‘Solid, solid+liquid and liquid’, designed by Mo-
nique Borsboom.

Surprise as a design strategy

Considering the frequent use of visual — tactual incongruities in product
design and the variety of strategies that designers seem to use to create them,
one might conclude that designers think of creating surprises as an effective
strategy to create interesting and original products. However, from discus-
sions designers, some of whom designed products we used to illustrate the
design strategies, we learned that this was not always the case. The surprises
they had created were sometimes only the by-product of other aims, like
searching for new experiences, using new materials or techniques, or creat-
ing conflict within a product. This illustrates that designers were not always
aware that they were creating surprises.

We would like to stress that understanding the mechanism of surprise and
being aware of the impact a surprising product may have is useful for design-
ers. After all, if designers understand how a surprise can be brought about,
they will be able both to avoid surprise when they do not want to evoke them
and to effectively use surprises to their benefit in other cases. This is impor-
tant because using surprise as a strategy to create interesting and original
products may not always have the desired effect. Although most designers
who make use of surprise think that people appreciate the surprises their
products evoke, by its nature, using surprise can be dangerous too. Besides
evoking pleasant and/or new experiences, unexpected events can also lead to
disappointment and users may even feel misled or fooled upon experiencing
a surprise. In addition, some designers remarked that they were disappointed
because the surprise seemed to distract potential users from another message
they wanted the product to communicate. Furthermore, although discover-
ing a surprise in a product may initially be experienced as pleasant, the effect
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of this surprise may be negligible or even unpleasant in the long term.

So far, knowledge about people’s reactions (both on the short and the long
term) to surprising products is limited. In general, in marketing research,
surprise was found to be positively related to satisfaction with the product
(Vanhamme & Snelders 2001). More specifically, our research on surprising
products suggests differences in people’s reactions to VN and HN products
(Ludden, Schifferstein & Hekkert 2009). People tended to use more explor-
atory behavior while interacting with VN products, possibly because they
enjoyed exploring these products or because they wanted to discover the
exact material properties of these products. It is possible that they needed
more time in order to understand the origins of their surprise reaction. On
the other hand, for HN products, it seems that the experienced surprise
upon touching the product is immediately understood and further explora-
tion or cognitive effort is unnecessary. This may partly explain why people
experienced VN products as more interesting than HN products.

Apparently, using different design strategies can lead to surprises that are ap-
preciated differently. It should be noted that it is also possible to use a combi-
nation of design strategies in one product. For example, the bench in Figure
2.10 seems to comprise elements from DS 5, hidden material characteristics
and DS 3, new material that looks like familiar material. The bench is made
out of polystyrene, which is covered in knitted cloth and then vacuumed and
hardened with wax. As a result, the polystyrene is completely hidden. The
combination of materials with the new shape makes the bench look like it is

made out of a familiar soft material, like foam rubber. In reality, the bench

Y

feels hard.

Figure 2.10 Bench ‘Shrunken furniture’, designed by

Bertjan Pot.
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The type of product in which a surprise is created also seems to influence
people’s appreciation of the surprise (Ludden, Schifferstein & Hekkert 2000).
In products with a complicated functionality that requires full attention from
the user, a surprise will probably not be appreciated. However, in products
that people can use without any cognitive effort, for example a vase, a sur-
prise may be welcomed by the user.

Further research into people’s appreciation of surprises in products has to
provide more definitive conclusions on how and when surprise can effec-
tively be used as a design strategy. This research has to be aimed at provid-
ing detailed knowledge into what causes a positive or negative surprise. For
example, the relative pleasantness of the expected and the actual feel char-
acteristics, as well as the product attribute the surprise is experienced in (e.g.,
weight, flexibility), may both affect the evaluation of the surprise. Future
research in these directions can help in understanding how to use surprise in
product design more effectively.
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Visual - tactual incongruity

Introduction

We perceive the world around us and the objects in it with all our senses.
When we perceive objects through vision and touch, in some cases we can
use both senses to perceive the same property of an object. We can, for
example, both see and feel a surface or a shape. However, the information
the two modalities provide is not always the same. Sometimes we feel some-
thing different from what we (thought we) saw. Artists have been using the
different information vision and touch can provide for centuries in creat-
ing trompe oeils. Upon perceiving a trompe I’ oeil, an observer may want
to touch the suggested three dimensional shapes, which subsequently may
result in a surprise reaction, because the perceived shapes are actually a two
dimensional surface. Possibly, this discovery may cause the observer to feel
disappointed, because the suggested shapes are not real. However, the ob-
server may just as well experience admiration, because the artist succeeded in
making the 3D shapes look realistic. This example illustrates just two of the
possible outcomes of a surprise reaction.

Currently, more and more product designers experiment with designing
products that provide incongruent information to vision and touch. Creating
such products enables these designers to evoke interest for their products,
and to let people experience something new (Ludden, Schifferstein, & Hek-
kert, 2007). Chapter 2 shows examples of such products.

Sensory incongruity and surprise in product design
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Several authors have studied in what respect the information perceived
through vision and touch differs. For instance, researchers have investigated
which modality is more accurate in perceiving certain object characteristics
such as shape and texture (Ballesteros, Millar, & Reales, 1998; Heller, 1992;
Lederman, Thorne, & Jones, 1986; Ludden et al., 2007; Rock & Victor, 1964).
Others have studied how and when information from vision and touch is
integrated (Gepshtein & Banks, 2003; Heller, 1982; Jones & O’Neil, 1985;
Martino & Marks, 2000; Spence, 2002). In some of the work dealing with vi-
sual — tactual incongruities a conflict between visual and tactual information
was experimentally created by having participants look at objects through
optical elements (Rock & Victor, 1964) or by presenting them with virtual
stimuli (Ernst & Banks, 2002). Other researchers used simplified physical
stimuli such as raised dot or line patterns (Ballesteros et al., 1998; Lederman
et al.,, 1986) and samples of abrasive papers (Heller, 1982). Using these sim-
ple and/or artificial stimuli has an advantage in that they ate easy to control
and manipulate. A disadvantage is that it can be difficult to extrapolate the
findings to real-life objects (Berlyne, 1971), such as products. Furthermore,
in spite of the attention investigators have paid to the differences between
and the integration of visual and tactual information, people’s emotional
reactions to perceiving incongruent information through vision and touch
have hardly been studied.

We expect that people will feel surprised when they expetience incongru-
ent information. From design research we know that surprise is mentioned
by participants as an emotion elicited by products (Desmet, 2002; Richins,
1997). The surprise people experience will most likely influence their behav-
iot, their reactions towards the product and their evaluation of the product.
Therefore, knowledge about what people experience when they perceive dif-
ferences between visual and tactual information in products is valuable for
designers.

Perceptual incongruity

To understand what happens when a person perceives incongruity, we have
to define what perceptual incongruity is and we have to understand how it
is produced. When someone perceives an object, perception through vision
mostly precedes touch, because visual perception is possible from a greater
distance than tactual perception. Furthermore, upon seeing an object, an
expectation will be formed about how the product will feel.

Visual - tactual incongruity



Expectations can be based on different sources of information. Oliver and
Winer (1987) mention three sources for expectations as conceptualised by
Tolman (1932): memories of actual experiences, perceptions of current
stimuli, and inferences drawn from related experiences such as trial of other
objects. Accordingly, expectations about how a product will feel, taste, smell
ot sound may be based on someone’s visual impression of a product, on his/
her previous experiences with that product, or on experiences with similar
products. This indicates that the familiarity of a product is of importance in
the creation of an expectation. Consequently, Oliver and Winer state that an
expectation involves uncertainty. The uncertainty about a following percep-
tion is likely to depend on the source of the expectation. When the expecta-
tion is based on a memory of an actual experience, the level of uncertainty is
likely to be lower than when it is based on inferences drawn from related ex-
periences. In the latter case, the perceiver cannot be sure that the current ex-
perience is fully comparable to the related experiences and thus will be more
uncertain about what to expect. The preceding indicates that the familiarity
of a product influences the certainty of the expectation that is formed about
the product’s tactual characteristics. When the product looks familiar, this
expectation will be more certain than when the product looks unfamiliar.

See Figure 1.5 for a representation of the process of seeing an object, form-
ing an expectation about how it feels, touching it and perceiving incongruity.
Because an expectation is disconfirmed in this process, the perceived incon-
gruity can lead to surprise, as Figure 1.5 shows. This figure also represents an
overview of the processes involved in surprise reactions evoked by products
with visual — tactual incongruities. In this chapter, we do not intend to test all
these different relationships empirically. We will test and discuss the relation-
ship between perceived visual — tactual incongruity and the various manifes-
tations of surprise. Furthermore, we will test and discuss the effects of the
certainty of the expectation on the manifestations of the surprise reaction.

Measuring surprise

Given the different spontaneous reactions that can occur during a surprise
episode, this opens up the possibility to measure surprise using various types
of methods. However, there has been some debate on which would be the
best method to measure surprise.

Vanhamme (2000) concluded that verbal reports and facial expressions
were the most appropriate variables for use in research on surprise. How-
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ever, Reisenzein (2000) and colleagues (Reisenzein, Bérdgen, & Holtbernd,
2000) caution against using facial expressions as indicators of surprise and
explored other indicators, such as the analysis of vocal expressions, as well.
Furthermore, several researchers have suggested that the relationship be-
tween emotion and facial expressions simply is not fixed (Kappas, 2002) and
that we should not expect emotions to ‘produce a corresponding set of facial
signals’ (Russell, Bachorowski, & Fernandez-Dols, 2003).

Another way to measure a surprise reaction may be through the analysis
of exploratory behavior because people can use exploratory procedures to
find out what the specific properties of a product are (Lederman & Klatzky,
1987). In addition, various self-report measures may be obtained from the
participants, e.g. on surprise intensity and pleasantness.

Because it is yet unclear how surprise is measured best, we will explore and
compare multiple measures of surprise in our experiments.

Types of surprising products

From an analysis of contemporary design (Ludden et al., 2007), we distin-
guished two types of surprising products, “Visible Novelty’ (VN) and ‘Hid-
den Novelty” (HN). Both evoke a surprise reaction, even though the mecha-
nisms that underlie these reactions are different.

Products in the VN type do not seem familiar to the perceiver; their nov-
elty is noticed immediately. Because the perceiver cannot form an accurate
expectation about how the product will feel based on previous experiences
with similar products, this expectation is uncertain. Eventually, upon touch-
ing the product, the uncertain expectation may be disconfirmed, resulting in
a surprise reaction. In the HN type, the novelty is hidden and the product
seems familiar to the perceiver. This results in a high degree of certainty
about expectations on how the product will feel. However, upon touching
the product, the product feels different from what was expected, resulting in
surprise.

Due to the differences in familiarity/certainty that undetlie the expectations
formed, user responses to the different types of surprising products may
differ. For example, products of the VN type may evoke more curiosity, be-
cause an uncertain expectation is formed. These products may also be appre-
ciated more, because they offer the opportunity to explore and to discover
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something new. On the other hand, products in the HN type may result in a
stronger surptise reaction, because users were quite certain about their initial
expectation. However, they may also evoke disappointment, because the user
felt misled or fooled.

The present studies

In two experiments we investigated user responses to VN and HN products
and compared these to user responses to products without visual — tactual
incongruities. First, we checked the assumptions made in defining the types
of surprising products and tested whether selected products belonged to the
types we selected them for. Nine products were selected as stimuli for our ex-
periments. In Experiment 1, users’ reactions to the surprising products were
explored. Because of the many and sometimes conflicting points of view on
measuring surprise, we used different measures of surprise reactions: subjec-
tive self reports, observation of exploratory behavior and analysis of vocal
expressions. Experiment 2 used an additional measure of surprise, observa-
tion of facial expression, to study the surprise evoked by a subset of 6 prod-
ucts. Together, the two experiments provided insight into people’s reactions
to products with visual — tactual incongruities, as well as a comparison of the
methods that can be used to measure surprise.

Experiment 1: types of surprising products, ex -
ploratory behavior and vocal expressions

In experiment 1, we used three ways of measuring surprise (self reports,
observing exploratory behavior, and assessing vocal expressions) to explore
the differences in the evaluation of various types of surprising products pre-
sented in a naturalistic user-product interaction setting;

Method

Participants

Sixty undergraduate students (36 male and 24 female, aged 17-27, mean 22.3)
in Industrial Design Engineering participated in the study. Participants were
paid for their participation.

Stimuli

Three products were chosen from six different categories (vase, lamp, table-
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cloth, bench, tile and cup), yielding a selection of 18 different products (Lud-
den, Schifferstein, & Hekkert, 2004). Within each category, a HN product
and a VN product were compared to a third type without visual — tactual
incongruities, a ‘No Novelty’ (NN) product. Using these three types (VN,
HN and NN) enabled us to test effects of perceptual incongruity (compar-
ing VN and HN to NN) and effects of differences in familiarity/certainty
(comparing VN to HN) on surprise.

We first tested whether the selected stimuli belonged to the type we selected
them for. In this stimulus selection procedure the 18 stimuli were evaluated
in two conditions, a ‘See’-condition and a ‘See and feel’-condition. Unless
indicated otherwise, all responses were recorded on 9-point scales with scale
end points ‘do not agree at all’ and ‘agree completely’. We used multiple items
per variable to obtain more reliable responses (e.g,, Churchill, 1979). In the
‘See’-condition, participants looked at the products and subsequently evalu-
ated them on Familiarity and Certainty. Familiarity was measured using three
items: ‘I have seen this (product) before,” “This (product) looks familiar,” and
‘I know many things that resemble this (product).” Certainty was measured
using three items; including ‘I am certain about how the (product) feels’ and
‘I am curious about how the (product) feels.” The third question (‘How cer-
tain are you that you answered the question about the product’s material
correctly?” on a scale with end points ‘very uncertain’ and ‘very certain’) was
directly related to a question where participants could select the material
of the product from a list of 11 options. In the ‘See and feel’-condition,
participants looked at the products, touched them, and subsequently evalu-
ated them on Certainty and Surprise. Certainty was now measured using two
items: “When I saw it, I was certain about how the (product) would feel” and
‘When I saw it, I was curious about how the (product) would feel” Three
items measured Surprise: “The (product) felt exactly as I expected when I saw
it ‘I am amazed about how the (product) feels’ and T am surprised about
how the (product) feels.

A