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Abstract

The need to design products that engage several senses has being increasingly recognised by design and
marketing professionals. Many works analyse the impact of sensory stimuli on the hedonic, cognitive, and
emotional responses of consumers, as well as on their satisfaction and intention to purchase. However, there
is much less information about the utilitarian dimension related to a sensory non-reflective analysis of the
tangible elements of the experience, the sequential role played by different senses, and their relative
importance. This work analyses the sensorial dimension of consumer interactions in shops. Consumers
were filmed in two ceramic tile shops and their behaviour was analysed according to a previously validated
checklist. Sequence of actions, their frequency of occurrence, and the duration of inspections were recorded,
and consumers were classified according to their sensory exploration strategies. Results show that
inspection patterns are intentional but shifting throughout the interaction. Considering the whole sequence,
vision is the dominant sense followed by touch. However, sensory dominance varies throughout the
sequence. The dominance differences appear between all senses and within the senses of vision, touch and
audition. Cluster analysis classified consumers into two groups, those who were more interactive and those

who were visual and passive evaluators. These results are very important for understanding consumer



interaction patterns, which senses are involved (including their importance and hierarchy), and which
sensory properties of tiles are evaluated during the shopping experience. Moreover, this information is
crucial for setting design guidelines to improve sensory interactions and bridge sensory demands with

product features.
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1. Introduction

The need to design by engaging several senses so that they deliver a specific perpetual
experience to the consumer is being increasingly recognised by professionals involved in
the development of new products and services (e.g., Haverkamp, 2014; Scott and Uncles,
2018). Several studies show that the greater the number of senses involved, the richer the
final user—product interaction, and this in turn affects the final product evaluations and
resulting aesthetic pleasure (e.g., Krishna et al., 2010; Vilches-Montero et al., 2018). This
fact has led to an unusual boom in research focused on sensory engineering in multiple
sectors. The design and marketing literature contains many works dealing with the impact
that sensory stimuli have on consumer perception and behaviour. Researchers started with
analyses of the effects of single senses (e.g., Bellizzi et al., 1983; Spangenberg et al.,
1996; Yalch and Spangenberg, 1990). The focus then evolved towards the analysis of

cross-modal interactions among pairs of sensory perceptions (e.g., Etzi et al., 2016;
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Maggioni et al., 2015; Tu et al., 2016; Wright et al., 2017; Xue et al., 2016), and an
increasing number of works are appearing that consider three or more senses (Alcantara-
Alcover et al., 2014; Elder and Krishna, 2010; Vilches-Montero et al., 2018). Thus, it can
be said that multisensory design and marketing are now an emerging focus of study
(Haverkamp, 2014) that newly cognitive neuroscience contributions can support by
providing reliable rules for stimulating consumer senses in a congruent manner (Gallace

and Spence, 2014).

In the context of shopping experiences, a considerable number of works have been
published analysing the impact of store ambience on the hedonic, cognitive, and
emotional response of consumers, as well as in their perceived value, satisfaction,
willingness to buy, and behavioural intentions (e.g., Aboubaker Ettis, 2017; Helmefalk
and Hultén, 2017; Tantanatewin and Inkarojrit, 2018; Turley and Milliman, 2000).
However, to date there is much less information about the utilitarian dimension related to
the sensory non-reflective (without cognitive mediation) analysis of the tangible elements
of the experience (Ines and Herbert, 2016). This dimension relates to the
visceral/sensorial level of user experience proposed by Norman (2004), as well as direct
physical pleasure (Jordan, 2000), given that both deal with immediate sensations
triggered by physical product features. Likewise, sensory and utilitarian dimensions are
related to two of the four experiential components defined by Giaccardi and Karana
(2015): sensory and performative. The former has to do with the perception of sensory
stimuli and the latter with the evaluation of what the material enables users to do. Herein
the performative component will be considered as the utilitarian dimension. Together
with the cognitive and emotional dimensions, these components enable designing a
‘materials experience” — defined as the experiences that people have with and through

interaction with a certain material (Karana et al., 2008). It can be said that sensorial and



utilitarian analysis enhances the study of consumer—product interaction in terms of the
utilitarian, knowledge, and stimulation components of the perceived value of products
(Aurier et al., 2004). Given the lack of studies dealing with the role played by senses in
the consumer’s information-gathering process (Bloch et al., 1989), the goal of this work
is to analyse the sensory dimension of user experience by assessing the multisensory
interaction occurring between consumers and products during the shopping process for
ceramic tiles. Such analysis of the shopping experience could help designers better
understand the effects of the stimuli caused by the tangible attributes of the product, not
only in generating a pleasant visual appearance in general, but also to ensure that the
information received by the other senses is coherent and contributes to providing greater

aesthetic pleasure (Ludden and Rompay, 2015).

It is important to note that consumers gather sensory information in sequences
(e.g., Biswas et al., 2014; Helmefalk, 2019; Macpherson, 2011). However, to the
knowledge of the authors, no studies that analyse the role played by the sequence in which
the different sensory modalities occurred during consumer—product interactions exist.
Sequence learning, here understood as sequential behaviour, is an inherent human ability
because it is an integrated part of conscious and nonconscious learning. Recent works
show that these learning abilities depend on sensory modalities and stimulus-specific
constraints in a given domain (Milne et al., 2018). In certain tasks information from one
modality can influence learning in another (Onnis and Thiessen, 2013; Seitz et al., 2007).
In this sense, the sequence of actions performed during consumer—ceramic tile
interactions are going to be recorded in order to gain insight about how multisensory cues
provided by ceramic tiles are processed in shops. The objective is to evaluate exploration
sensory patterns of consumer—product interactions to assess the relevant physical

properties of the tiles from a multisensory perspective, providing designers with insights



to manage multimodal stimuli. The analysis in this work will consist of direct inspections
and actual behavioural measurements made in the presence of the product that the
consumer is considering purchasing. This approach enables investigating interactions
during shopping experiences while simultaneously considering all the sensory modalities
— and so overcoming the limitations of non-realistic studies in which evaluations are
made by independently analysing sensory modalities as pointed out by Fujisaki et al.
(2015). Gallace and Spence (2014) noted that there is practically no field research based
on the observation and recording of actions carried out by the consumer associated with
the different senses during the purchase process. According to these authors, most studies
have been carried out through questionnaires to assess people's attitudes regarding their
senses towards specific products. However, the visceral response (based on simple
reactions to specific stimuli, goal-driven behaviour, and choice) depends on mechanisms
that act in part at an automatic and unconscious level of information processing (e.g.,
Fitzsimons et al., 2002) and this makes observational analyses more appropriate than
questionnaires for evaluating complex behavioural situations (e.g., Saunders et al., 2000;
Suen and Ary, 1989). In this context, the present study addresses the following research

question:

RQL1. Is there an intentional and stable interaction pattern or is it changing

throughout the different steps of the sequence?

In order to define a sensory exploration pattern it is necessary to relate exploring
actions to sensory modalities. The physical properties of ceramic tiles can be perceived
by multiple sensory modalities. Consumers can see and touch samples to feel the size,
shape, roughness, and warmth of their surfaces. At the same time, the sound made when
users tap them or slide their fingers over them can affect the way they perceive the

physical properties (Krishna, 2012; Spence and Zampini, 2006). All these stimuli



reaching senses are efficiently merged and integrated in a coherent multisensory percept
(e.g., Rouby et al., 2016). To extract information and build a robust image of the world,
the human brain collects the incoming sensory information and generates an
unambiguous representation of the world following two strategies: to maximize
information coming from the different sensory modalities, and to reduce the variance in
the sensory estimate to increase its reliability (Ernst and Bulthoff, 2004). Gathering as
much information as possible is done because different modalities complement each other
when it comes to deal with ambiguous situations derived from natural exploration
behaviours (Newell et al., 2001). In addition, in the sequence loop of sensation—
perception—action sometimes prior knowledge (that might be unconscious) is needed to
help sensory processing to deal with ambiguities (e.g., Kersten and Yuile 2003).
Regarding integration, it is important to know sensory dominance and cross-modal
effects, as humans integrate information both within and across sensory modalities (e.g.,
Johnston et al., 1994; van Beers et al., 1999). In this line, the response of users to products
has been deeply studied in the past (e.g., Crilly et al., 2004; Hagtvedt and Patrick, 2008;
Reimann et al., 2010; Yang et al., 2010) and the sense of vision is mostly dominant (e.g.,
Hoegg and Alba, 2007; Schifferstein, 2006; Schifferstein and Desmet, 2007; Wastiels et
al., 2013). However, vision is not always the dominant sense (e.g., Shams et al., 2000),
as sensory dominance is defined by the ‘modality appropriateness’ as stated by Welch
and Warren (1986), or by its ‘estimates precision’, as discussed by Ernst and Bulthoff
(2004). In this functional approach of dominance among senses, one modality dominates
the perception of a sensory cue if it is the most appropriate to perceive this sensory cue.
However, and according to Schifferstein (2006) and Fenko et al. (2010), herein sensory
dominance is defined as the relative importance of different sensory modalities for the

description of the interaction with a specific product. Hence, the dominant sensory



modality in this work is the modality that has the largest effect on the evaluation of
physical properties and the inferred performance behind each performed action. In this
sense, Fenko et al. (2010) found that sensory dominance depends on the stage in which
the product—user interaction occurs and on the product category. It is important to note
that sensory dominance has usually been analysed using subjective reports on product
usage experiences (e.g., Schifferstein, 2006), or in isolated test rooms under controlled
experimentation conditions (e.g., Wastiels et al., 2013). Thus, little work has been done
exploring sensory dominance in a real shopping context, despite many authors
highlighting its relevance (e.g., Gallace and Spence, 2014; Schifferstein, 2006). In this
context, evaluating the sensory dominance derived for exploring actions throughout the
experience of shopping for ceramic tiles is another objective of the present work.

Therefore, the following two research questions are added:

RQ2: What is the sensory dominance for the whole sequence of actions performed

during the shopping experience?
RQ3: Does the role played by sensory modalities vary throughout the sequence?

Finally, numerous studies have been conducted to identify typologies of shoppers.
Stone (1954) identified four main types: economic shopper, personalization seeker,
ethical shopper, and apathetic shopper. Since Stone’s pioneering work different studies
appeared to classify shoppers according to different factors and criteria. For instance,
some factors considered are patronage and shopping behaviour (Stephenson and Willett,
1969), personal and social motives (Tauber, 1995), consumers’ rating of preferences
(Darden and Ashton, 1974), shopping motives (Babin et al., 1994; Dawson et al., 1990;
Westbrook and Black, 1985), and the link made by consumers between usage and
shopping phases (Ines and Herbert, 2016). However, there little systematic study has been

made of consumer typologies considering the sensory dimension of user experience.
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Tversky and Kahneman’s (1971) findings show that most decision makers tend to
simplify heuristics when making judgements. On the other hand, there are consumers that
plan more and have a clear purpose when it comes to search for product information
(Bloch and Richins, 1983), and others tend to explore products via touch (Klazky and
Peck, 2012). Browsing behaviours are also influenced by sensory cues, affecting the way
consumers touch and move in shops, as well as the time they spend in there (Xia, 2010).
Thus, the last objective of this present work is grouping consumers according to observed

sensory patterns of interactions. Hence, the last research question is as follows:

RQ4: Is it possible to classify consumers into different groups based on

statistically significant differences in their sensory exploration pattern?

In summary, the present work is focused on the analysis of consumer reactions to ceramic
tiles from the utilitarian and sensory dimensions of user experience. Thus, this study is
only focused on the sensory qualities of products in order to understand how users test a
product’s perceivable features, what actions are performed to compare product reactions
with their previous expectations, what product properties are behind every exploratory
action, which senses are mostly involved in each case, and their relative importance. All
of this together enables designers to understand the role played by each sense, making it
easier to communicate a coherent message to consumers and so produce a pleasing
multisensory impression. Thus, consumer interactions are assessed in the pre-purchase
evaluation stage of the general purchase process described by Blackwell et al. (2001), in
which the consumer checks if the product can satisfy all the expectations for its future use
by consciously examining it in shops. Specifically, this study is focused on the functional
dimension of browsing behaviour, defined as shopping behaviour that is not associated
with an immediate purchase task (Bloch et al., 1989, Jarboe and McDaniel, 1987). The

final purchase decision, in which either the most suitable product is chosen or all the



products are rejected, occurs once this stage is finished (Smith et al., 2005) and is out of

the scope of the present work.

2. Material and Methods
The work presented in this paper consisted of the following steps:

e Elaboration of a checklist of exploratory actions.

e Observational study of consumer actions during the shopping experience.

e Analysis of the pattern of exploring actions and sensory dominance throughout
the whole interaction.

¢ Classification of consumers into groups according to their exploration pattern and

strategy.

2.1. Elaboration of a Checklist of Exploratory Actions

Some 15 users and four experts on user—product interactions took part in a pilot study.
The users were observed and recorded as they interacted with ceramic tiles simulating a
shopping experience in a real shop for 30 minutes. Secondly, experts analysed the video
and were asked to write down in 60 minutes a list of actions observed and others that they
had seen previously. The experts then shared their opinions with users and experts by
explaining their lists of exploratory actions. Users in this step helped experts to gain
insight into the interactions and corroborate the motivation for their actions. Finally, and
once the experts agreed on the terminology to use, they defined a checklist based on the
most frequent and important exploratory actions performed by users. These actions were

coded and defined to clarify and specify what kind of behaviour was being referenced.
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Moreover, the exploratory actions were related to the main senses stimulated by the

actions and to the most relevant product features involved in such actions.

A spreadsheet was developed with Microsoft Excel 2013 to gather the actions
performed during the shopping experience. The spreadsheet contained a list of actions in
rows with one column for each consumer (including two cells to record the corresponding

start and finish times).

2.2. Observational Study of User Actions During Shopping Experience

Data were collected by observational registers during real shopping experiences in a field
study lasting three months. Some 196 people took part in the study carried out in two
ceramic tile shops (one in Valencia and the other in Barcelona). All the consumers were
aged between 24 and 49 and 60% were women. Shops had more than 1.200 square meters,
exclusively dedicated to sell ceramic tiles, and were located away from high streets in
secondary locations, out-of-town in shopping centres, one of them being a multibrand
shop. Both shops had a large central showroom of ceramic samples with areas dedicated
to bathrooms and kitchens around it. No special arrangements were made in the shops for

the study.

Two observational sources were used in every shop. The first consisted of two
experts who registered every action on a checklist on their tablets, as well as the order
followed in an ascending sequence and the start/finish time. The second source consisted
in the use of videos recorded by the security cameras placed at different locations in the
shop (each offering panoramic video recordings). Consumers were unaware of their

exploring actions being observed, in order to not influence their shopping behaviour.
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However, before leaving the shop, consumers were informed about the study objectives,
sources of funding, methods, and institutional affiliations of the researchers, and were
asked to sign an informed consent to use security recordings. They were told that
participation in the study was voluntary and that their privacy and confidentiality was
guaranteed in case they agreed to participate, according to national and international legal
and regulatory standards. The visualization of videos by researchers was done in the shops
under the supervision of the security personnel to ensure the work was properly
undertaken in accordance with their norms and protocols to preserve consumer rights.

The Ethics Committee of the Polytechnic University of Valencia approved this study.

2.3.Analysis of the Pattern of Exploring Actions and Sensory Dominance Throughout the

Whole Interaction

This analysis aims to study the sequence pattern of exploring actions when considering
the total number of gathered interactions. The goal is to know if exploring actions are
intentional or arbitrary, and see if the sequence pattern remains stable or if it varies among
steps. In addition, by relating exploring actions to sensory modalities, the sensory

dominance and the sequential role played by senses is to be analysed.

For this purpose, actions were organised according to the order in which they were
executed in each case, from the first to the last action. In this study, the last action was
that performed in 31st place (consumers performing more than 31 actions numbered less
than the 25% of the initial sample). Thus, at each step of the sequence (S1, S2, S3....
S31), the percentage of consumers performing each action was calculated. In addition,

the percentage of actions performed at each step of the sequence was obtained, from the

11



beginning (S1) to the end (S31), and the total frequency of occurrence of each exploring
action throughout the whole shopping experience was calculated. Finally, a flowchart was
drawn representing the concatenation of actions for the whole sequence, indicating for
each action at a given step how many actions preceded it (inputs) and how many actions
followed it after it was performed (outputs). The difference between the number of inputs
and outputs was calculated for each action in the whole sequence to determine which
actions increase/decrease the variability of the action patterns. Connections representing

a switch between senses were highlighted in the graphics.

Moreover, to test if exploring actions were intentionally selected, discarding their
arbitrary selection at each step of the sequence, the multinomial goodness-of-fit test with
the Monte Carlo approach (number of trials = 10,000) and significance levels of
differences set at p < 0.05 was used. Thus, the frequency of occurrence of each exploring
action at each step of the sequence was calculated and compared with an hypothetical
equiprobable selection of exploring actions with a probability of each exploring action
equalling 0.058 (1/17). In addition, to see if an exploration pattern was repeated during
more than one step of the sequence, the observed frequency of occurrence of exploring
actions in each step was compared with their observed frequency of occurrence in the
immediately preceding step. XLSTAT software by Addinsoft under Windows was used

for this statistical analysis.

Finally, in order to assess the sensory dominance during the shopping experience
a relationship between the exploratory actions and the predominant senses stimulated in
each exploratory action was established. If a sensory modality is stimulated by doing an
exploring action then it is coded with a value of one, a zero is coded otherwise, see Table

1.
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Then, each row of Table 1 was multiplied by the number of times each consumer
performed each action, and the sensory stimulation for each sense was calculated by
adding up the resulting values for each sensory modality. Finally, a variable called Total
Sensory Stimulation was defined to account for the sensory stimulation of all sensory

modalities throughout the whole sequence.

Once sensory stimulation was calculated for each sensory modality, several
ANOVAs with significance levels of differences set at p < 0.05 were conducted to analyse
sensory dominance. First, a one-way ANOVA was conducted to evaluate the effect of the
different sensory modalities on the sensory stimulation driven by explorative actions
performed by users throughout the whole sequence. The sensory stimulation was selected
as the dependent variable and the sensory modalities as the factor including four levels:
vision, touch, audition, and olfactory. Second, to test if sensory dominance differs through
time, the sequence was divided into three sections: section 1 (from S1 to S10), section 2
(from S11 to S20) and section 3 (from S21 to S31). Then three one-way ANOVAS, one
for each sequence section, were conducted with sensory stimulation as the dependent
variable and sensory modalities as the factor including four levels: vision, touch, audition,
and olfactory. Finally, to test if there were differences in sense modality among the three
sections, four one-way ANOVAs, one for each sensory modality, were conducted with
stimulation in each sensory modality as the dependent variable and sequence section as

the factor including three levels: section 1, section 2, and section 3.

In all conducted ANOVAS, Tukey’s HSD multiple comparison test (p < 0.05) was
used to assure confidence level correction and identify between which pair of levels of
the factor variable the differences appeared. The mean values and 95% CI were also

calculated. Finally, the n? value was calculated to measure the effect size, setting the size
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of the differences found. All data analyses were performed using the SPSS 16 statistical

application for Windows (SPSS Inc., Chicago, IL, USA).

2.4. Classification of Consumers into Groups According to Their Exploration Pattern and

Strategy

The goal of this analysis is to classify consumers into groups with different exploration
patterns when interacting with ceramic tiles during shopping experiences. To this end, a
k-means cluster analysis was made to identify homogenous groups (e.g., Kaufman and
Rousseeuw, 2005). Empirical studies on the performance of clustering algorithms in the
marketing field suggest that iterative partition methods are preferable to hierarchical
methods (Punj and Stewart, 1983). K-means, as a partitioning procedure, is more robust
than hierarchical methods with respect to the presence of outliers, error perturbations of
the distance measures, and the choice of the distance metric. In addition, the presence of
non-relevant grouping variables is less severe with the k-means procedure (Punj and
Stewart, 1983). In addition, k -means is useful for clustering a large dataset as it provides
the values of the groups’ centroids, which facilitates the interpretation. On the other hand,

k-means procedure requires prior specification of the number of clusters desired.

The frequency with which each consumer performed each action included in the
checklist during the interaction was considered for the consumer grouping. Only
exploring actions with a total frequency of occurrence greater than 1% were considered.
Several analyses were run until finding the solution with the most appropriate number of
clusters. The criteria employed to set that solution were: maximum number of iterations

until reaching convergence was set to 10; minimum cases in each group in the final
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solution were to be at least 10% of total cases; and finally, centres should be coherent and

easy to interpret.

Each resulting cluster is considered as an exploration pattern resulting from
different values achieved for each grouping variable. The exploration pattern is described

according to the mean values of the grouping variables in the centres of the cluster.

In order to compare the sensory and utilitarian dimension of the resulting groups,
these were statistically analysed using multiple univariate ANOVA with significance
levels of differences set at p < 0.05. A one-way ANOVA was conducted for Total Sensory
Stimulation and for each sensory modality individually (calculated as explained in
Section 2.2), for total time employed for the inspection, and for total number of actions
performed during the sequence as dependent variables, with resulting groups as the factor.
The mean values and 95% CI were also calculated. The n? value was calculated to
measure the effect size, setting the size of the differences found. All data analyses were

performed using the SPSS 16 statistical application for Windows.

3. Results

3.1. Exploring Actions Belonging to the Checklist

Table 2 shows the codification and description of the exploring actions belonging to the
checklist. Table 3 shows the way the explorative actions are related to the senses and to

the most relevant product features involved in such actions.
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3.2. Exploratory Sensory Pattern

Figures 1 and 2 show the whole sequence of actions performed by consumers and the
percentage of actions performed at each step. Actions are grouped according to the
involved senses with a colour coding. The thickness of the circle's outline is proportional
to the percentage of people who perform the action. Within the circle, the number of
actions that precedes each action (inputs) appears in the upper part, and the number of
actions taken just after performing that action (outputs) appears in the lower one. The last
row in Fig. 2 shows the difference between the inputs and outputs along the whole
sequence in all actions. Dashed lines connect actions performed by less than 10% of
consumers. The red lines are connections between actions of different senses. Finally, the

background colour is white for the most frequent action in each step.

As can be seen in Figs 1 and 2, results show that interactions begin with a small
number of actions; the number of actions grows until reaching a maximum at the two-
thirds point of the whole sequence evaluation, the number of actions then declines to

almost coincide with the number of actions at the start of the evaluation.

The obtained exploration sensory pattern shows that consumers start inspections
using far and near vision. Consumers then employ touch and repeat touch and vision until
finishing again with far-vision actions. Between touch and vision alternations, smelling
may be stimulated during a close-up visual and tactile inspection near the face of
consumers, and listening appears with sound produced by intensive tactile actions such
as knocking a surface with the knuckles. An iterative process involving mainly the use of
vision and touch successively appeared. Regarding this switching between senses, at the
first third of the sequence there are more visual actions succeeded by tactile actions than

vice versa, in the second third it is just the opposite, and in the last third the number of
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exchanges between both senses is the same. Finally, the difference between the inputs
and outputs along the whole sequence in all actions (see Fig. 2) shows that the actions of
crude touch (in yellow) decrease the dispersion of actions performed once they are
executed. However, fine-touch actions (in green) increase the dispersion in the number
of performed actions after its execution. Visual actions are practically preceded by the

same number of actions as those that happen after them.

Tables 4 and 5 show the percentage of consumers performing each exploring
action in each step of the sequence. In addition, Tables 4 and 5 show the p values obtained
at each step after both testing equiprobability among performing actions, and the
possibility of keeping an action-performing pattern for more than one step using a

multinomial goodness of fit test with the Monte Carlo approach.

Tables 4 and 5 show that the sensory exploration pattern is intentional, as p
(Equiprobab) shows significant differences in all the steps of the sequence. Moreover, it
can be seen that consumers constantly change their exploration strategy, excluding those
performed in S13 and S25, in which consumers repeat the same exploration pattern [p

T(n) — T(n — 1) > 0.05] used in the preceding step, S12 and S24 respectively.

The ANOVA carried out on the sensory stimulation for the whole sequence shows
significant differences among sensory modalities (F = 415.32; p = 0.000; ? = 0.656). The
results of Tukey’s HSD multiple comparison test are shown in Table 6. Figure 3 shows
the mean values and 95% CI in each sensory modality. As can be seen in Table 6, the
clearly dominant modality is vision, showing statistical differences with all modalities,

followed by touch, which shows statistical differences with both audition and olfaction.
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The ANOVAs carried out on the sensory stimulation for the three sequence
sections show significant differences among sensory modalities. F values, significance

and n? values are shown in Table 7.

The results of Tukey’s HSD multiple comparison test are shown in Table 8. Figure
4 shows the mean values and 95% CI in each sensory modality. As can be seen in Table
8 and Fig. 4, the sensory dominance differs from that obtained for the whole sequence in
sections S1-S10 and S11-S20. Section S1-S10 differs from the whole sequence because
there are significant differences between olfaction and audition. In S11-S20 there are no
significant differences between vision and touch, showing dominance of both modalities
over audition and olfaction. Finally, the last sequence section has the same dominance

pattern among sensory modalities as the whole sequence.

The ANOVAs carried out for each sensory modality for the three sequence
sections show significant differences in all sensory modalities, excluding olfaction. F

values, significance and n? values are shown in Table 9.

The results of Tukey’s HSD multiple comparison test are shown in Table 10.
Figure 5 shows the mean values and 95% CI in each sensory modality. As can be seen in
Table 10 and Fig. 5, vision is more stimulated in section S1-S10, then stimulation of
vision decreases significantly to increase again in the last section. However, touch shows
low stimulation at first, but then significantly rises in section S11-S20, maintaining high
stimulation in the last sequence section. Similarly, stimulation of audition is low at the
start, but then significantly rises in the second section, maintaining this stimulation until

the end of the sequence.
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3.3. Cluster Analysis to Group Consumers with Similar Exploration Patterns and

Strategy

Fourteen exploration actions were used as grouping variables. ‘Bimanual exploration’,
‘measurement’ and ‘feeling the weight’ did not reach the minimum threshold (1%) in
total frequency of occurrence throughout the whole sequence. The k-means cluster
analysis identified a valid solution for two groups. These two groups are interpreted as
two different consumer exploration patterns of ceramic tile properties during the shopping
experiences. Table 11 shows the number of cases corresponding to each cluster, along
with the percentage of men and the average age of consumers belonging to each cluster.
The values of the final centres of cluster 1 and 2 for each variable can be seen in Table
12.

The ANOVAs carried out on the sensory and utilitarian dimension variables
show significant differences among groups in all dependent variables analysed except
vision and time of inspection. Figure 6 shows the mean values, 95% ClI, F ratio,
significance (p values), and n? value.

As can be seen in Fig. 6, there are statistically significant differences between
the two groups in Total Sensory Stimulation, number of actions and in the stimulation
of all sensory modalities except vision. In general, consumers belonging to cluster 2
stimulate the senses more than consumers in the cluster 1, as well as perform more

exploring actions.

4. Discussion
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The current work addressed the sensory dimension of users’ shopping experiences, which
has been the subject of little study in the literature despite designers, marketers and
consumer researchers recognising the importance of understanding sensory stimulation
and multisensory experiences in consumption processes (e.g,. Hultén, 2011; Scott and
Uncles, 2018). This study enabled evaluating the sensory and utilitarian dimensions of
the experience of buying ceramics from a multisensory point of view. Recording the
actions carried out by a sample of consumers during the shopping experience, the
exploration pattern and the role played by the different senses throughout the sequence
have been analysed, as well as the main design features that consumers focus on when
evaluating different designs at shops. In addition, the different sensory exploration
patterns of consumers allowed classifying them into different groups of shoppers from

the sensory dimension point of view.

Regarding the methodological approach followed in this present work,
observation with a checklist enabled researchers to gather information by watching
interactions, behaviours, actions, and physical features within their natural settings. The
use of ethnographic methods allows designers and retailers to gather rich evidence-based
insights into what consumers are really doing during shopping experiences. As stated by
Priestner and Borg (2016), ethnography can be more time-consuming, expensive and
complex, but it is very helpful to get more detailed, real-time, and in-depth qualitative
data of what really happens. Thus, in this study, despite the aforementioned
disadvantages, directly watching interactions rather than relying on what consumers say
led to a more reliable analysis of the role played by different senses during shopping

experiences.
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This section will briefly relate the research findings to the research questions
posed in the Introduction before discussing this study’s limitations and practical

implications.

4.1. Is There an Intentional and Stable Interaction Pattern or Is it Changing Throughout

the Different Steps of the Sequence?

The observed interaction pattern, involving mainly the use of vision and touch
successively, see Figs 1 and 2, aims at checking and confirming previous impressions.
Vision enables consumers to make a quick ‘visual preview’ through which they infer the
tactile properties of the product, which they then try to confirm through touch, as
discussed by Lederman and Klatzky (2009). This switching between vision and touch is
in line with previous works that analyse sensory dominance during different stages of
user—product interactions (e.g., Fenko et al., 2010; Inés and Herbet, 2016). Vision and
touch interactions have also been analysed in multimodal perception of materials given
their special importance in the earlier phases of conceptual design (e.g., Baumgartner et

al., 2013).

Results show that the sequence of actions performed by consumers is intentional.
That is to say, consumers, consciously or not, have a strategy when it comes to exploring
sensory cues of ceramic tiles looking for relevant material information. However,
consumers’ sensory patterns change at every step, only in two steps (S12 and S24) the
sensory exploration pattern is repeated once, see Tables 4 and 5. As can be observed in
Figs 1 and 2, exploring actions can be carried out in several ways by different consumers.

Even if the same consumer had to repeat the product exploration, probably he or she
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would do it differently. Once again, it is proven that consumer behaviours are complicated
and diverse. The complexity of the exploration pattern demands a more in-depth analysis,
going beyond the scope of the present exploratory study, to extract behavioural patterns
from the sensed consumer activity data. The pattern recognition of actions and the
subsequent analysis of interrelations, contradictions and wholeness of the derived sensory
experiences demand that researchers use new techniques (Scott and Uncles, 2018),
different from those traditionally used in the user experience field, briefly summarised by
Vermeeren et al. (2010). Context-aware computing and learning algorithms are emerging

fields whose methods could help multisensory research to face this challenge in the future.

Regarding the two steps in which exploring actions are repeated once, it is
interesting to note that these repetitions appeared every other 11 steps. Maybe the amount
of information gathered after a given number of actions and the noise of its variability
forced consumers to perform actions to corroborate and treat the accumulated ambiguity
of stimuli. After several steps combining signals, more time seems necessary to integrate
them, a process that can be hampered if discrepancy among sensory modalities is large or
if the sequence of actions is not appropriate (Ernst and Bilthoff, 2004). In any case, a
more in-depth analysis seems necessary given the relevance that extracting a pattern may
have in consumption processes. Based on these exploratory findings, the following

proposition can be posed:

P1. Explorations looking for materiality and functionality information offered by
ceramic tiles at shops are intentional and its exploration pattern varies

practically at each step of the sequence.

4.2. What Is the Sensory Dominance for the Whole Sequence of Actions Performed During

the Shopping Experience?
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The results of actions performed by consumers along the whole sequence show the
dominance of the vision. As discussed by Schifferstein (2006), there are several reasons
that make vision the most important sense in product inspections: vision is able to
perceive objects from a distance; it gathers a bigger amount of information on a product
per time unit, and, most importantly in the context of the present study, vision guides
product explorations made through the other modalities. Apart from vision, touch
dominates the other senses. This result is in line with previous works as consumers
acquire most of the information on products by vision and touch (Schifferstein and
Cleiren, 2005; Wastiels et al., 2013"). This fact is relevant as visual and touch modalities
perceive different product characteristics, with vision being more able to measure
‘macrogeometric characteristics’ such as spatial distribution, geometric patterns, size, and
gross shape; and touch being more accurate in the perception of ‘microgeometric
characteristics’ such as differences between textures, porosity, and type of material
(Woods and Newell, 2004). The detection of similarity between objects is mainly driven
by shape when subjects are only able to see the objects, but detection is made by shape
and texture when objects are touched or seen and touched (Yildirim and Jacobs, 2012). It
could be said that the use of touch is dominant in the encoding of the substance of a
product (Schifferstein and Hekkert, 2008). The work of Wastiels et al. (2013) shows that
during the single use of touch when evaluating products’ materials, the description made
by the users contained significantly more sensory and descriptive attributes related to the
physical behaviour of materials than those of users who were allowed to use vision or
both vision and touch. This fact would be in line with the importance of touch discovered
in this study when performing the sensorial and utilitarian evaluation of the materials in

the purchase phase. Many works show that touch properties can be inferred from vision
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with relative accuracy (e.g., Xue et al., 2016), and at the same time, touching products
can also improve visual processing (e.g., Pesquita et al., 2013). However, for some
product attributes such as shape and texture, the use of both vision and touch does
improve on the perceptions gathered when using only one of the senses (e.g., Helbig and
Ernst, 2007; Klatzky and Lederman, 2010). Bergmann Tiest and Kappers (2007) argued
that roughness is a multisensory property rather than exclusively a tactile one. Therefore,

the following proposition can be posed:

P2. Vision is the most important sense when exploring material properties at

shops, followed by touch.

4.3. Does the Role Played by Sensory Modalities Vary Throughout the Sequence?

Regarding the analysis of the sensory importance along the exploration sequence, results
shows that sensory dominance changes over time, see Fig. 4. From S1 to S10 the
importance hierarchy of modalities is vision, touch, olfaction and audition, matching the
relative importance found by Schifferstein (2006) during the usage of a sample of
products. However, from S11 to S21 touch equals vision in importance , being both more
important than audition and olfaction. The importance of touch has gained increased
interest within the multisensory research community (e.g., Gillmeister et al., 2017) and it
has also been highlighted in previous studies that it fulfils both utilitarian and hedonic
consumer demands during shopping experiences (e.g., de Vries et al., 2018; Krishna et
al., 2016; Peck, 2010). Grohmann et al. (2007) argued that touch positively affects in-
store product evaluations, particularly in products where tactile input is diagnostically-

based and product quality level is high. The steadily growing importance of touch as e-
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shopping is becoming the prevailing mode of consumption and touchscreens have shaped
the mode of interacting with wearables and surroundings, has made many authors affirm
that touch and vision are equally important in shaping consumer perceptions and
behaviours (de Vries et al., 2018; Xue et al., 2016). Finally, from S21 to S31 the results

are the same as those reported for the whole sequence, see Figs 3 and 4.

The results of the analysis of importance made for each sensory modality along
the sequence (see Fig. 5) show that from S11 to S20 vision is less important than it is both
at the beginning (S1-S10) and at the end of the sequence (S21-S31). As can be seen in
Figs 1 and 2, consumers begin with an intense visual inspection, in which near vision
prevails, then vision is less prominent in the middle to recover importance in the last
section with far-vision actions. Interestingly, touch grows in importance from S11 and
persist until the end. This fact can be explained because, for an accurate tactual perception
of a product, tactual inspection should be done in a systematic way (Sonneveld and
Schifferstein, 2008), thus forcing consumers to learn a strategy or exploratory procedure,
which Turvey (1996) calls ‘dynamic touch’. In addition, perception through touch is
especially influenced by what has been perceived previously, a so-called after-effect.
Tactual perception of shape, size and weight suffers from after-effect (Sonneveld and
Schifferstein, 2008). Figures 1 and 2 show how touch connects sequentially several touch
actions along the sequence. Spence et al. (2001) analysed the time cost of switching
attention between senses, and found that the reaction time cost associated with shifting
attention away from touch was larger than the cost associated with shifting away from
any other sense. To some extent, it could be said that touch is one of the senses with more

‘inertia’; once tactile actions appear it is more difficult to give them up.

In the case of audition, its relative importance among sections of the sequence

follows the same pattern as touch, growing in importance from S11 and retaining this
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importance until the end, although with much less presence in explorations, see Fig. 5. In
any case, consumers also use sounds to identify properties of materials (Giordano and
McAdamns, 2006; Hermes, 1998), playing a role that should be considered by designers

too. Based on these findings it can be said that:

P3. Sensory dominance varies throughout the sequence of product exploration
during the shopping experience. Differences appear among all senses
throughout the sequence and within the senses of vision, touch and audition
along the sequence. Touch is just as important as vision in the middle of the
exploration sequence, and vision is less important in the middle section of the

sequence than it is at the beginning and at the end.

4.4. Is it Possible to Classify Consumers into Different Groups Based on Statistically

Significant Differences in Their Sensory Exploration Pattern?

Cluster analysis using sensory and utilitarian dimension variables allowed classifying
consumers in two groups. Consumers in cluster 1, herein termed ‘observers’, perform a
smaller number of actions during the product inspection process than those in cluster 2,
herein termed ‘sensory seekers’, having a lesser Total Sensory Stimulation, see Fig. 6.
Specifically, no differences were found in vision, but observers stimulate touch, audition
and olfaction less than sensory seekers. Those differences are especially relevant in the
touch sense, given the high value of the n? statistic (see Fig. 6). Interestingly, no
differences were found between groups in the time spent in the shops. Many studies show
the positive influence that time spent in shops has both on the probability to buy and on

the amount of money spent (e.g., Soars, 2009). Thus, this finding indirectly suggests that
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the sensory and utilitarian dimension of this shopping experience might have no influence
on ulterior purchasing. Maybe this kind of product left no room for the recreational
dimension of purchase behaviour, and consumers attend shops knowing they need to buy
the product. Obviously, this suggestion must be interpreted with caution and needs further
work to know the real role played by the sensory dimension regarding willingness to buy

at this pre-purchase stage.

The ‘observers’ belong to the larger cluster (see Table 11), which is in line with
Tversky and Kahneman’s (1971) findings showing that most decision makers tend to
simplify heuristics and rely on a small number of cues when making judgements. In
contrast, sensory seekers made more thorough, numerous, and interactive actions than
observers. Sensory seekers show an exploration pattern aimed at gathering as much

information as possible from the properties of the ceramic products.

Comparing consumer groups to previous consumer typologies and considering
only shopping motives, ‘observers’ may be related to the apathetic style defined by Stone
(1954) as consumers who might not have an intrinsic interest in shopping, whereas
consumers seeking sensory stimulation as a personal motive (defined by Tauber, 1995)
may form the ‘sensory seekers’ group. Apart from motivation, it is important to stress
that the present study has been focused on the sensory and utilitarian dimensions of the
shopping experience, stressing the product-centric functional perception and considering
consumers as rational problem-solvers (e.g., Moschis, 1976; Rintamaki et al., 2006). This
approach leaves aside the hedonic, emotional, recreational, and social dimensions that
also take place during shopping experiences (e.g., Babin et al., 1994; Cox et al., 2005;
Darden and Reynolds, 1971). Thus, only practical reasons have been considered to link
actions to consumers’ information-gathering strategy. Inés and Herbet (2016) made an

interesting study linking usage and shopping experience stages and identified three
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consumer typologies: enthusiastic; pragmatic; and apathetic. The authors claim that
pragmatic consumers highly value the usage experience and the utility dimension of the
shopping experience. In this line, observer and sensory seeker typologies obtained in the
present study could be considered as two subcategories of Inés and Herbert’s (2016)
pragmatic typology. Observers, being pragmatic, could be closer to the apathetic
typology, and sensory seekers closer to the enthusiasts. In any case, it is worth stating that
shopping behaviour depends on the type of product, the degree of perceived risk inherent
to the type of product, and the level of knowledge that the consumer has about the
alternatives. Thus, more studies seem necessary to find robust consumer behaviour

typologies related to the role that sensory modalities play during shopping processes.

Traditionally, it has been found that gender influences multiple factors related to
the shopping experience (e.g., Darley and Smith, 1995; Fisher and Arnold, 1994).
According to the two basic dimensions of shopping experiences, women tend to better
assess the emotional aspects of shopping (e.g., Carpenter and Moore, 2009, Chang et al.,
2004; Jackson et al., 2011). Regarding the utilitarian dimension, previous studies show
that this dimension is better valued by men (Deng et al., 2010; Zhang et al., 2017),
although there are studies that find no differences among genders regarding utilitarian
shopping values (Jackson et al., 2011). Recent studies show that the roles played by men
and women are mixed and it seems that the differences are attenuated or disappear in
many cases (e.g., Hart et al., 2007; Otnes and McGrath, 2001). For example, age seems
to have no influence on the evaluation of relevant product information and consumer
behaviour (Hervé and Mullet, 2009; Jackson et al., 2011). The results obtained in this
research seem to be in line with this new trend, as the clusters obtained show
differentiated behaviour and exploring strategies despite being almost balanced in gender

and having a similar average age. In any case, this study does not reveal the influence of
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gender and age in the sensory evaluation of the physical properties of products; aspects
that should be studied in future works. Taken all together, the following proposition can

be formulated:

P4. According to the sensory and utilitarian dimension of shopping experience,
two groups of consumers are found with differentiated sensory stimulation

and exploring strategies.

4.5. Limitations of the Present Study

Findings of the present study cannot be generalised without caution. In the present study
only consumers belonging to western culture were observed. Different cultures have
different ways of interacting with objects; the sensory dominance changes among them
(e.g., Howes, 1991), as well as the associations between properties perceived by different
senses (Spence, 2007). Designers need to bear this in mind when developing products for

different countries or multi-cultural societies.

Likewise, the influence of interindividual differences on findings has not been
considered in the present study. However, as several studies show, personality traits have
an influence on consumer motivations and behaviours (e.g., He et al., 2018; Yangui et
al., 2016). In this line, it could be interesting to assess the influence of consumer
personality traits on the sensory dimension of shopping experiences. Aspects related to
goal cognition and actions such as ‘need for closure’ (Kruglanski and Webster, 1996),
‘need for achievement’ and ‘need to avoid failure’ (Elliot and Church, 1997) should be
monitored. Indeed, it could be interesting to monitor personality traits related to

information processing: such as ‘need for cognition” (NFC) (Cacioppo et al., 1996) as
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high-NFC people process information more thoroughly and seek information actively; as
well as ‘optimum stimulation levels’ regarding the amount of stimulation people prefer
in life (Steenkamp and Burgess, 2002). Finally, regarding stimulation and due to the
relevance of touch discovered during ceramic tile shopping experiences, the need for
touch (NFT) should be assessed as well as consumer’s judgement of a product may differ
as a function of their linking for haptic stimulation (Citrin et al., 2003; Peck and Childers,
2003). Further studies, which take these variables into account, will need to be

undertaken.

The present work is an attempt to analyse the non-cognitive inner world of
consumers by mainly analysing sensory stimulation in their encounters with products
during shopping experiences. However, to pattern such experiences a sensory stimulation
analysis may be insufficient, given the rich, complex and interrelated nature of
multisensory experiences in consumption contexts. Embodiment, referring to the lived
experience of a person’s body, as well as the experience of life mediated through the
body, could be an interesting field to complement sensory stimulation in consumer
research studies by examining how our bodies interact with environments. The analysis
of bodily experiences could enhance physiological, social, emotional and corporeal
sources of multisensory experience, which help marketers to design sense-rich
experiences in a holistic way. Scott and Uncles (2018) describe a framework for the
embodiment of consumption experiences, with some examples of implementation under
the umbrella of sensory anthropology, which might be interesting to consider in future

works.

Finally, as has been discussed earlier, the exploratory analysis of the sequence
pattern needs to be approached from a quantitative perspective. Such analysis might

uncover latent interactions patterns, as well as classify consumers with different ways of
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performing exploratory actions. This is an important issue for future research, which is

being addressed by the authors at present.

4.6. Practical Implications

Knowing which sensory modalities contribute most to the gathering of information at
different stages of a shopping experience can be very useful for designers, marketers and
retailers because it enables them to focus on the most important senses and product
sensory properties to improve product-consumer interactions. To know the most
important senses to be considered when designing a new product is very helpful in the
early phases of product design (Nagai and Georgiev, 2011), helping to fix priorities to
meet budget restrictions and guide the decision-making processes throughout product
development. Alternatively, designers could enhance the product experience if they
emphasise the design of product properties for any of the underestimated sensory
modalities — avoiding overloading consumers with excessive stimulation as pointed out

by Krishna (2012) and analysed by Kacprzak and Pawtowska (2017).

The present findings demand designers to expand their abilities to be able to
devise the tangible properties of products from a multisensory perspective, integrating all
the information from multiple sensory modalities in such a way that facilitates input
information processing. To learn how to design tactile attributes to deliver the right
emotional sensations modulating the multisensory shopping experience seems to be
imperative in the ceramic sector. Despite the increasing relevance of touch in shopping
experiences and its emotional connection to products (e.g., Schifferstein and Hekkert,

2008), the design of ceramic tiles is mainly focused on vision, as is still the case in many
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other design fields (Gallace and Spence, 2014). Tile attributes such as shape, size, joint
size, texture, and roughness are currently designed to be interpreted only by consumer
vision, however consumers in shops use both vision and touch to explore these properties
(see Table 3). To this end, the multisensory basis of the product experience approach
described by Desmet and Schifferstein (2011) and Schifferstein (2011) can be useful.
Moreover, tools such as the material palette (Nijs et al., 2010) and material-driven design
methodology (Karana et al., 2015) can be useful for designing experiences using material

properties as a new and promising start point for design.

Moreover, result shows that the cross-modal effects of vision, touch and audition
should be understood by designers in order to solve possible visual biases and sensory
conflicts, as well as to reach enough sensory congruence to properly convey product

messages and grounded emotion (Krishna, 2012).

Finally, the results of this work could be interesting for material retailers, as they
offer the possibility of identifying the crucial and most frequent actions that consumers
perform during the ceramic tile shopping process, as well as the role played by different
senses, and consequently, which product properties are the most often assessed by
consumers. This provides relevant information to the ceramic sector about how it could
improve consumer—product interaction in a multisensory way, leading to a more active
role in shaping user experiences and adapting product properties and presentation in

stores appropriately.

It is important to stress, however, that industrial profitability of this kind of studies
will depend of the companies’ objectives and strategies, and on the way they integrate
sensory and consumer data in their innovation and research projects (Talavera and
Chambers, 2017). Spanish companies that participated in this work recognised that

sensory studies help products succeed, and were prone to change the way they design and
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sell their products. However, the pace of introducing those changes varies among
companies. Results of this study lead ceramic tiles companies to define eight new
challenges related to touch, and three challenges related to shopping experience
improvement. Depending on those companies’ objectives and strategies, they selected
which challenges to lead and develop in detail. All companies realized the importance of
multisensory design, and changed their shopping experiences trying to demonstrate the
non-visual properties of ceramic tiles. However, companies with their own R&D
department had incorporated the changes before and are already leading the leap towards
the economy of experiences in the sector, introducing pieces of multisensory ceramics in
cutting-edge restaurant businesses and hospitality environments. One of them use
ambience design at shops, adapting sensory cues in different corners in a congruent
manner with the messages they are trying to convey with each design. Although it is still
early to draw conclusions, in all cases sales at shops staging corners exceed those obtained
in previous years. In any case, the sensory information analysis made in the sector helped
all companies, regardless of their size and organizational management, to understand the
marketplace, and uncover future needs by knowing existing sensory gaps that remain

unmet.

5. Conclusion

The multisensory analysis of utilitarian and sensory dimensions during ceramic tile
shopping experiences enables designers, marketers and retailers to understand exploration
actions of consumers, the senses involved, their importance and hierarchy, and the

physical properties of the product evaluated.
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The use of observation as an ethnographic method allowed identifying an
intentional and changing inspection pattern along practically all the sequence steps. Thus,
the role played by sensory modalities, as well as sensory dominance, varies throughout
the inspection sequence. The dominance differences appear between all senses and among
the senses of vision, touch and audition. Vision dominates over the rest of senses at the
beginning, but in the second third of the total interactions touch reached the same
relevance. At the end, vision becomes dominant again. This fact evidences the need to
analyse possible interactions between these two senses in order to design the

communication of messages in a coherent manner and avoiding sensory conflicts or bias.

The results of cluster analysis classified consumers into two groups: (1) sensory
seekers who were interactive and made intensive and thorough inspections; and (2)
observers who, despite spending the same time, were more passive and basically acted as

visual evaluators.

These findings contribute in several ways to understand consumer interaction
patterns, and the senses relevant in consumption processes. Moreover, this information
could be crucial to set sensory design guidelines to improve sensory interactions and

bridge sensory demands with product features.

Acknowledgements

The Spanish Ministry of Culture and Education funded this research with Grant No. PSE-

020400-2007-1.

References

34



Aboubaker Ettis, S. (2017). Examining the relationships between online store
atmospheric color, flow experience and consumer behavior, J. Retail. Consum. Serv.,

37, 43-55.

Alcantara-Alcover, E., Artacho-Ramirez, M.A., Zamora-Alvarez, T. and Martinez, N.
(2014). Exploratory study of the influence of the sensory channel in perception of

environments, J. Sens. Stud. 29, 258-271.

Aurier, P. Evrard, Y. and N’Goata, G. (2004). Comprendre et mesurer la valeur du point

de vue du consommateur, Rech. Appl. Mark. 19, 1-20.

Babin, B. J., Darden, W. R. and Griffin, M. (1994). Work and/or fun: Measuring hedonic

and utilitarian shopping value, J. Consum. Res. 20, 644-656.

Baumgartner, E., Wiebel C. B. and Gegenfurtner, K. R. (2013). Visual and haptic

representations of material properties, Multisens Res. 26, 429-455.

Bellizzi, J. A., Crowley, A. E., and Hasty, R. W. (1983). The effects of color in store

design, J. Retail. 59, 21-45.

Bergmann Tiest, W. M. and Kappers, A. M. L. (2007). Haptic and visual perception of

roughness, Acta Psychol. 124, 177-189.

Biswas, D., Labrecque, L.I., Lehmann, D.R. and Markos, E. (2014). Making choices
while smelling, tasting, and listening: the role of sensory (dis)similarity when

sequentially sampling products, J. Mark., 78, 112—-126.

Blackwell, R. D., Miniard, P. W. and Engel, J. F. (2001). Consumer Behavior. Harcourt

College Publishers, Fort Worth, TX, USA.

35



Bloch, P. H. and Richins, M. L. (1983). Shopping without purchase: an investigation of
consumer browsing behavior, in: NA-Advances in Consumer Research, Vol. 10, P.
Bagozzi and A. M. Tybout (Eds), pp. 389-393, R Association for Consumer Research,

Ann Abor, MI, USA.

Bloch, P. H., Ridgway, N. M. and Sherrell, D. L. (1989). Extending the concept of

shopping: An investigation of browsing activity, J. Acad. Mark. Sci. 17, 13-21.

Cacioppo, J. T., Petty, R. E., Feinstein, J. A. and Jarvis, W. B. G. (1996). Dispositional
differences in cognitive motivation: The life and times of individuals varying in need

for cognition, Psychol. Bull. 119, 197-253.

Carpenter, J. M. and Moore, M. (2009). Utilitarian and hedonic shopping value in the US

discount sector, J. Retail. Consum. Serv. 16, 68—74.

Chang, E., Burns, L. D. and Francis, S. K. (2004). Gender differences in the dimensional
structure of apparel shopping satisfaction among Korean consumers: the role of hedonic

shopping value, Cloth. Textiles Res. J. 22, 185-199.

Citrin A.V., Stem Jr., D. E., Spangenberg, E. R. and Clark, M. J. (2003).Consumer need

for tactile input: An internet retailing challenge, J. Bus. Res. 56, 915-922.

Cox, A. D., Cox, D. and Anderson, R. D. (2005). Reassessing the pleasures of store

shopping, J. Bus. Res. 58, 250-259.

Crilly, N., Moultrie, J. and Clarkson, P. J. (2004). Seeing things: consumer response to

the visual domain in product design, Design Stud. 25, 547-577.

Darden, W. R. and Ashton, D. (1974). Psycholographic profiles of patronage preference

groups, J. Retailing 50, 99-112.

36



Darden, W. R. and Reynolds, F. D. (1971). Shopping orientation and product usage rates,

J. Mark. Res. 8, 505-508.

Darley, W. K. and Smith, R. E. (1995). Gender differences in information processing
strategies: an empirical test of the selectivity model in advertising response, J. Advert.

24, 41-56.

Dawson, S., Bloch, P. H. and Ridgway, N. M. (1990). Shopping motives, emotional

states, and retail outcomes, J. Retailing. 66, 408-427.

Deng, L., Turner, D. E., Gehling, R. and Prince, B. (2010). User experience, satisfaction,

and continual usage intention of IT, Eur. J. Inform. Syst. 19, 60-75.

de Vries, R., Jager, G., Tijssen, I. and Zandstra, E. H. (2018). Shopping for products in a
virtual world: Why haptics and visuals are equally important in shaping consumer

perceptions and attitudes, Food. Qual. Pref. 66, 64—75.

Desmet, P. and Schifferstein, R. (2011). From floating wheelchairs to mobile car parks:
A collection of 35 experience-driven design projects. Eleven International Publ, Den

Haag, Netherlands.

Elder, R. S. and Krishna, A. (2010). The effects of advertising copy on sensory thoughts

and perceived taste, J. Consum. Res. 36, 748—756.

Elliot, A. J. and Church, M. A. (1997). A hierarchical model of approach and avoidance

achievement motivation, J. Pers. Soc. Psychol. 72, 218-232.

Ernst, M. O. and Bulthoff, H. H. (2004). Merging the senses into a robust percept, Trends

Cogn. Sci. 8, 162-169.

37



Etzi, R., Spence, C., Zampini, M. and Gallace, A. (2016). When sandpaper is ‘kiki’ and
satin is ‘bouba’: an exploration of the associations between words, emotional states, and

the tactile attributes of everyday materials, Multisens Res. 29, 133-155.

Fenko, A., Schifferstein, H. N. J. and Hekkert, P. (2010). Shifts in sensory dominance

between various stages of user—product interactions, Appl. Ergon. 41, 34-40.

Fisher, E. and Arnold, S. J. (1994). Sex, gender identity, gender role attitudes, and

consumer behavior, Psychol. Mark. 11, 163-182.

Fitzsimons, G. J., Hutchinson, J. W., Williams, P., Alba, J. W., Chartrand, T. L., Huber,
J., Kardes, F. R., Menon, G., Raghubir, P., Russo, J. E., Shiv, B. and Tavassoli, N. T.

(2002). Nonconscious influences on consumer choice, Mark. Lett. 13, 269-279.

Fujisaki, W., Tokita, M. and Kariya, K. (2015). Perception of the material properties of

wood based on vision, audition, and touch, Vision Res. 109, 185-200.

Gallace, A. and Spence, C. (2014). In Touch with the Future: The Sense of Touch from

Cognitive Neuroscience to Virtual Reality. Oxford University Press, Oxford, UK.

Giaccardi, E. and Karana, E. (2015). Foundations of Materials Experience: An Approach
for HCI, in: CHI’15 Proceedings of the 33rd Annual ACM Conference on Human

Factors in Computing Systems, Seoul, Republic of Korea, pp. 2447-2456.

Gillmeister, H. Bowling, N., Rigato, S. and Banissy, M. J. (2017). Inter-individual
differences in vicarious tactile perception: a view across the lifespan in typical and

atypical populations, Multisens. Res. 30, 485-508.

Giordano, B. L. and McAdams, S. (2006). Material identification of real impact sounds:
Effects of size variation in steel, glass, wood, and plexiglas plates, J. Acoust. Soc. Am.

119, 1171-1181.

38



Grohmann, B., Spangenberg, E. R. and Sprott, D. E. (2007). The influence of tactile input

on the evaluation of retail product offerings, J. Retail. 83, 237-245.

Hagtvedt, H. and Patrick, V. M. (2008). Art infusion: The influence of visual art on the

perception and evaluation of consumer products, J. Mark. Res. 45, 379—389.

Hart, C., Farrell, A. M., Stachow, G., Reed, G. and Cadogan, J. W. (2007). Enjoyment of
the shopping experience: impact on customers’ repatronage intentions and gender

influence, Serv. Ind. J. 27, 583-604.

Haverkamp, M. (2014). Synesthetic Design Handbook for a Multisensory Approach.

Birkhéauser Verlag, Basel, Switzerland.

He, X., Zhan, W. and Hu, Y. (2018). Consumer purchase intention of electric vehicles in

China: The roles of perception and personality, J. Clean. Prod. 204, 1060-10609.

Helbig, H. B. and Ernst, M. O. (2007). Optimal integration of shape information from

vision and touch, Exp. Brain Res. 179, 595-606.

Helmefalk, M. (2019). Browsing behaviour as a mediator: the impact of multi-sensory

cues on purchasing, J. Consum Mark. 36, 253-263.

Helmefalk, M. and Hultén, B. (2017). Multi-sensory congruent cues in designing retail

store atmosphere: Effects on shoppers’ emotions and purchase behavior, J. Retalil.

Consum. Serv. 38, 1-11.
Hermes D. J. (1998). Auditory material perception, IPO Annu. Progr. Rep. 33, 95-102.

Hervé, C. and Mullet, E. (2009). Age and factors influencing consumer behaviour, Int. J.

Consum. Stud. 33, 302—308.

Hoegg, J. A. and Alba, J. W. (2007). Taste perception: more than meets the tongue, J.

Consum. Res. 33, 490—498.

39



Howes, D. (1991). The Varieties of Sensory Experience: A Sourcebook in the

Anthropology of the Senses. University of Toronto Press, Toronto, ON, Canada.

Hultén, B. (2011). Sensory marketing: the multi-sensory brand-experience concept, Eur.

Business Rev. 23, 256-273.

Inés, G. and Herbert, C. (2016). Linking usage and shopping: How value experiences can

distinguish consumers, J. Retail. Consum. Serv. 30, 165-174.

Jackson, V., Stoel, L. and A. Brantley, (2011). Mall attributes and shopping value:

Difference by gender and generational cohort, J. Retail. Consum. Serv. 18, 1-9.

Jarboe, G. R. and McDaniel, C. D. (1987). A profile of browsers in regional shopping

malls, J. Acad. Market. Sci. 15, 45-53.

Johnston, E. B., Cumming, B. G. and Landy M. S. (1994). Integration of stereopsis and

motion shape cues, Vision Res. 34, 2259-2275.

Jordan, P. W. (2000). Designing Pleasurable Products: An Introduction to the New

Human Factors. CRC Press, London, UK.

Kacprzak, A. and Pawlowska, A. (2017). Work and shopping overflow — Consequences
and differentiation among selected psychological and demographic characteristics, Eur.

Manag. J. 35, 755-765.

Karana, E., Hekkert, P. and Kandachar, P. (2008). Materials experience: descriptive
categories in material appraisals, in: Proceedings of the International Conference on

Tools and Methods in Competitive Engineering, Delft, Netherlands, pp. 399-412.

Karana, E., Barati, B., Rognoli, V. and Zeeuw van der Laan, A. (2015). Material driven

design (MDD): a method to design for material experiences, Int. J. Des. 9, 35-54.

40



Kaufman L and Rousseeuw, P. J. (2005). Finding Groups in Data: An Introduction to

Cluster Analysis. John Wiley & Sons, Inc., Hoboken, NJ, USA.

Kersten, D. and Yuille, A. (2003) Bayesian models of object perception, Curr. Opin.

Neurobiol. 13, 150-158.

Klatzky, R. L. and Lederman, S. J. (2010). Multisensory texture perception, in:
Multisensory Object Perception in the Primate Brain, M. Naumer and J. Kaiser (Eds),

pp. 211-230, Springer, New York, NY, USA.

Klatzky, R. L. and Peck, J. (2012). Please touch: object properties that invite touch, IEEE

Trans. Haptics 5, 139-147.

Krishna, A. (2012). An integrative review of sensory marketing: Engaging the senses to

affect perception, judgment and behavior, J. Consum. Psychol. 22, 332-351.

Krishna, A., Elder, R. S. and Caldara, C. (2010). Feminine to smell but masculine to
touch? Multisensory congruence and its effect on the aesthetic experience, J. Consum.

Psychol. 20, 410—418.

Krishna, A., Cian, L. and Sokolova, T. (2016) The power of sensory marketing in

advertising, Curr. Opin. Psychol. 10, 142-147.

Kruglanski, A. W. and Webster, D. M. (1996). Motivated closing of the mind: "Seizing"

and "freezing”, Psychol. Rev. 103, 263-283.

Lederman, S. J. and Klatzky, R. L. (2009). Haptic perception: A tutorial, Atten. Percept.

Psychophys. 71, 1439-1459.

Ludden, G. D. S., and van Rompay, T. J. L. (2015). How does it feel? Exploring touch on

different levels of product experience, J. Eng. Des. 26, 157-168.

41


https://www.sciencedirect.com/science/article/pii/S2352250X16000099#!
https://www.sciencedirect.com/science/article/pii/S2352250X16000099#!

Macpherson, F. (2011), The Senses: Classic and Contemporary Philosophical

Perspectives. Oxford University Press, Oxford, UK.

Maggioni, E., Risso, P., Olivero, N. and Gallace, A. (2015). The effect of a container’s

weight on the perception of mineral water, J. Sens. Stud. 30, 395-403.

Milne, A. E., Wilson, B., and Christiansen, M. H. (2018). Structured sequence learning
across sensory modalities in humans and nonhuman primates, Curr. Opin. Behav. Sci.

21, 39-48.

Moschis, G. P. (1976). Shopping orientations and consumer uses of information, J.

Retail. 52, 61-70.

Nagai, Y. and Georgiev, G. V. (2011). The role of impressions on users’ tactile interaction
with product materials: An analysis of associative concept networks, Mater. Design 32,

291-302.

Newell, F. N., Ernst, M. O., Tjan, B. S. and Bilthoff, H. H. (2001). Viewpoint

dependence in visual and haptic object recognition, Psychol. Sci. 12, 37-42.

Nijs, G., Vermeersch, P. W., Devlieger, P. and Heylighen, A. (2010). Extending the
dialogue between design(ers) and disabled use(rs): From conversation to embodied
skill, in: Proceedings of the 11th International Design Conference, Dubrovnik,

Croatia, pp. 1817-1826.

Norman, D. (2004). Emotional design: Why We Love (or Hate) Everyday Things. Basic

Books, New York, NY, USA.

Onnis, L. and Thiessen, E. (2013). Language experience changes subsequent learning,

Cognition 126, 268-284.

42



Otnes, C. and McGrath, M. A. (2001). Perceptions and realities of male shopping

behavior, J. Retail. 77, 111-137.

Peck, J. and Childers, T. L. (2003). Individual differences in haptic information

processing: the “need for touch” scale, J. Consum. Res. 30, 430-442.

Peck, J. (2010). Does Touch Matter? Insights from Haptic Research in Marketing in:
Sensory Marketing: Research on the Sensuality of Products, A. Krishna (Ed.), pp. 17—

31, Routledge, New York, NY, USA.

Pesquita, A., Brennan, A. A., Enns, J. T. and Soto-Faraco, S. (2013). Isolating shape from

semantics in haptic-visual priming,. Exp. Brain Res. 227, 311-322.

Priestner, A. and Borg, M. (2016). User Experience in Libraries: Applying Ethnography

and Human-Centred Design. Routledge, Abingdon, UK.

Punj, G. and Stewart, D.W. (1983). Cluster analysis in marketing research: review and

suggestions for application, J. Market. Res. 20, 134-148.

Reimann, M., Zaichkowsky, J., Neuhaus, C., Bender, T. and Weber, B. (2010). Aesthetic
package design: A behavioral, neural, and psychological investigation, J. Consum.

Psychol. 20, 431—-441.

Rintaméki, T., Kanto, A., Kuusela, H. and Spence, M. T. (2006). Decomposing the value
of department store shopping into utilitarian, hedonic and social dimensions. Evidence

from Finland, Int. J. Retail Distrib. Manag. 34, 6-24.

Rouby, C., Fournel, A. and Bensafi, M. (2016). The role of senses in emotion, in: Emotion
Measurement, H. L. Meiselman (Ed.), pp. 65-81, Woodhead Publishing, New York,

NY, USA.

43


https://www.researchgate.net/profile/Joann_Peck?_sg=lGOtP12jCdjkq7-o-CJ0iDrNu3c-fHdMF14Mw_z1ldf25L9Zwz1ePzWWO0AlKuQDxM-PTxg.xtadvBHkAF6S6m93KHx0q8OEI5s3aOg6I1v2Qn9DlwQJIwQ8LXRJuS4mF4eqBYeWRz-E-waG8PHbFAp8Pd23hw

Saunders, M., Lewis, P. and Thornhill, A. (2000). Research Methods for Business

Students. Prentice Hall, Harlow, UK.

Schifferstein, H. N. J. (2006). The perceived importance of sensory modalities in product

usage: A study of self-reports. Acta Psychol. 121, 41-64.

Schifferstein, H. N. J. (2011). Multi sensory design, in: Proceedings of the 2nd
Conference on Creativity and Innovation in Design, Eindhoven, Netherlands, Abstract

43, p. 361-362.

Schifferstein, H. N. J. and Cleiren, M. P. H. D. (2005). Capturing product experiences: A

split-modality approach, Acta Psychol. 118, 293-318.

Schifferstein, H. N. J. and Desmet, P. M. A. (2007). The effect of sensory impairments

on product experience and personal well-being, Ergonomics. 50, 2026-2048.

Schifferstein, H. N. J. and Hekkert, P. (2008). Multisensory aesthetics in product design,
in: Art and the Senses F. Bacci and D. Melcher (Eds), pp. 543-569, Oxford University

Press, Oxford, UK.

Scott, R. O. and Uncles, M. D. (2018). Bringing sensory anthropology to consumer

research, Eur. J. Mark. 52, 302-327.

Seitz, A. R., Kim, R., van Wassenhove, V. and Shams, L. (2007). Simultaneous and
independent acquisition of multisensory and unisensory associations. Percept. ion 36.,

1445--1454.

Shams, L., Kamitani, Y. and Shimojo, S. (2000). What you see is what you hear, Nature,

408, 788.

44



Smith, S. P., Johnston, R. B. and Howard, S. (2005). Vicarious experience in retail e-
commerce: An inductive taxonomy of product evaluation support features, Inf. Syst. E-

Bus. Manag. 3, 21-46.

Soars, B. (2009). Driving sales through shoppers’ sense of sound, sight, smell and touch,

Int. J. Retail Distrib. Manag. 37, 286-298.

Sonneveld, M. H. and Schifferstein H. N. J. (2008). The tactual experience of objects, in:
Product Experience, H. N. J. Schifferstein & P. Hekkert (Eds), pp. 41-67, Elsevier,

Amsterdam, The Netherlands.

Spangenberg, E. R., Crowley, A. E. and Henderson, P. W. (1996). Improving the store

environment: do olfactory cues affect evaluations and behaviors? J. Mark. 60, 67-80.

Spence, C. (2007). Creating innovative packaging that appeals to all the senses, in: PACE:

Packaging and Converting Executive Forum Meeting, Paris, France.

Spence, C. and Zampini, M. (2006). Auditory contributions to multisensory product

perception, Acta Acust. United Acust. 92, 1009-1025.

Spence, C., Nicholls, M. E. R. and Driver, J. (2001). The cost of expecting events in the

wrong sensory modality, Percept. Psychophys. 63, 330-336.

Steenkamp, J.-B. E. M. and Burgess, S. M. (2002). Optimum stimulation level and
exploratory consumer behavior in an emerging consumer market, Int. J. Res. Mark. 19,

131-150.

Stephenson, P.R. and Willett, R.P. (1969). Analysis of consumers’ retail patronage
strategies, in: Marketing Involvement in Society and the Economy, P. R. McDonald

(Ed.), pp. 316-322, American Marketing Association, Chicago, IL, USA.

45



Stone, G. P. (1954). City shoppers and urban identification: observations on the social

psychology of city life, Am. J. Sociol. 60, 36-45.

Suen, H. K. and Ary, D. (1989). Analyzing Quantitative Behavioral Observation Data.

Psychology Press, New York, NY, USA.

Talavera, M. and Chambers 1V, E. (2017). Using sensory sciences help products succeed,

Br. Food J. 119, 2130-2144.

Tantanatewin, W. and Inkarojrit, V. (2018). The influence of emotional response to

interior color on restaurant entry decision, Int. J. Hosp. Manag. 69, 124-131.
Tauber, E. M. (1995). Why do people shop? Mark. Manag. 4, 58-60.

Tu, Y., Yang, Z. and Ma, C. (2016). The taste of plate: how the spiciness of food is

affected by the color of the plate used to serve it, J. Sens. Stud. 31, 50-60.

Turley, L. W. and Milliman, R. E. (2000). Atmospheric effects on shopping behavior: A

review of the experimental evidence, J. Bus. Res. 49, 193-211.
Turvey, M. T. (1996). Dynamic touch, Am. Psychol. 51, 1134-1152.

Tversky, A. and Kahneman, D. (1971). Belief in the law of small numbers, Psychol. Bull.

76, 105-110.

van Beers, R. J., Sittig, A. C. and Denier van der Gon, J. J. (1999). Integration of
proprioceptive and visual position-information: an experimentally supported model, J.

Neurophysiol. 81, 1355-1364.

Vermeeren, A. P. O. S, Law, E. L-C., Roto, V., Obrist, M., Hoonhout, J. and VVd&nanen-
Vainio-Mattila, K., 2010. User experience evaluation methods: current state and

development needs, in: Proceedings of the NordiCHI, Reykjavik, Iceland, pp. 521-530.

46



Vilches-Montero. S., Hashim, N. M. H. N., Pandit, A. and Bravo-Olavarria, R. (2018).
Using the senses to evaluate aesthetic products at the point of sale: The moderating role

of consumers’ goals, J. Retail. Consum. Serv. 40, 82-90.

Wastiels, L., Schifferstein, H., Wouters, I. and Heylighen, A. (2013). Touching materials
visually: About the dominance of vision in building material assessment, Int. J. Des. 7,

31-4.

Welch, R. B. and Warren, D.H. (1986). Intersensory interactions, in: Sensory Processes
and Perception, K. R. Boff, L. Kaufman and J. P. Thomas (Eds), Handbook of

Perception and Human Performance, Vol. 1, pp. 1-36, Wiley, New York, NY, USA.

Westbrook, R. A. and Black, W. C. (1985). A motivation-based shopper typology, J.

Retail. 61, 78-103.

Woods A. T. and Newell F. N. (2004). Visual, haptic and cross-modal recognition of

objects and scenes, J. Physiol. Paris 98, 147-1509.

Wright, O, Jraissati, Y. and Ozgelik, D. (2017) Cross-modal associations between color
and touch: mapping haptic and tactile terms to the surface of the Munsell color solid,

Multisens. Res. 30, 691-715.

Xia, L. (2010). An examination of consumer browsing behaviors, Qual. Mark. Res. 13,

154-173.

Xue, Z., Zeng X., Koehl, L. and Shen, L. (2016). Interpretation of fabric tactile

perceptions through visual features for textile products, J. Sens. Stud. 31, 143-162.

Yalch, R. and Spangenberg, E. (1990). Effects of store music on shopping behavior, J.

Consum. Mark. 7, 55-63.

47


https://www.amazon.com/s/ref=dp_byline_sr_book_2?ie=UTF8&text=Lloyd+Kaufman&search-alias=books&field-author=Lloyd+Kaufman&sort=relevancerank
https://www.amazon.com/s/ref=dp_byline_sr_book_3?ie=UTF8&text=James+P.+Thomas&search-alias=books&field-author=James+P.+Thomas&sort=relevancerank

Yang, X., Zhang, J. and Peracchio, L. A. (2010). Understanding the impact of self-

concept on the stylistic properties of images, J. Consum. Psychol. 20, 508—520.

Yangui A., Costa-Font, M. and Gil, J. M. (2016). The effect of personality traits on

consumers’ preferences for extra virgin olive oil, Food Qual. Prefer. 51, 27-38.

Yildirim, 1. and Jacobs, R. A. (2012). A rational analysis of the acquisition of

multisensory representations, Cogn. Sci. 36, 305-332.

Zhang, Y., Dang, Y., Brown, S. A. and Chen, H. (2017). Investigating the impacts of
avatar gender, avatar age, and, region theme on avatar physical activity in the virtual

world, Comput. Hum. Behav. 68, 378-387.

48



Figure Captions
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Figure 1. Flowchart of the action sequence from S1 to S16.
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Figure 2. Flowchart of the action sequence from S16 to S31.
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Table 1.

Sensory stimulation derived from the execution of the exploring actions

Action
Exploring action Vision Touch Audition Olfaction
code
Far—middle lateral visual
1 1 0 0 0
exploration
Far—middle frontal visual
2 1 0 0 0
exploration
Far-middle dynamic visual
3 1 0 0 0
exploration
4 Near-lateral visual exploration 1 0 0 1
5  Nea-frontal visual exploration 1 0 0 1
Near dynamic visual
6 1 0 0 1
exploration
7  Static contact 1 1 0 0
8  Bimanual exploration 1 1 0 0
9  Joint inspection 1 1 0 0
10  Measurement 1 1 0 0
11  Feeling the weight 1 1 0 0
12 Lateral exploration 1 1 1 0
13  Stepping on 1 1 1 0
14 Friction assessment 0 1 1 0
15  Knocking surface with nails 0 1 1 0
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16

17

Knocking surface with
knuckles

Scratching with nails
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Table 2.

Codification and description of the exploratory actions

Action Exploring action

code

Description

10

11

12

13

Far—middle lateral
visual exploration

Far—middle frontal
visual exploration

Far—middle dynamic
visual exploration

Near—lateral visual
exploration

Near—frontal visual
exploration

Near dynamic visual
exploration

Static contact

Bimanual exploration

Joint inspection

Measurement

Feeling the weight

Lateral exploration

Stepping on

Far—middle visual inspection (>25 c¢cm) of the
ceramic system profile

Far—middle visual inspection (>25 cm) of the
front part of the ceramic system

Far-middle visual inspection (>25 cm)
changing observation angle

Near—lateral visual inspection (<25 cm) of the
ceramic system profile

Near—lateral visual inspection (<25 cm) of the
front part of the ceramic system

Near—lateral visual inspection (<25 cm)
changing observation angle

Set palm on the ceramic surface for a while

Exploration of the shape with both hands

Sliding along the ceramic joints with the
fingertips

Measure the pieces using hands, fingers, or
metric tools

Lifting the ceramic material

Lateral movement with the fingertips

Walk on the pavement (with shoes)
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14

15

16

17

Friction assessment

Knocking surface with
nails

Knocking surface with
knuckles

Scratching with nails

Slide on the ceramic surface with fingers or
palm

Knocking surface with nails on ceramic surface

Knocking surface with knuckles on ceramic
surface

Scratching with nails on ceramic surface
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Table 3.

Relationship between the exploring actions, senses and product parameters

Action  Exploring Involved senses Properties of the ceramic system
code action

1 Far—middle Far vision Texture/colour/brightness/lightness
lateral
visual
exploration

2 Far—middle Far vision Visual texture/colour/brightness/lightness/visual
frontal pattern (entropy)
visual
exploration

3 Far—middle Far vision Visual texture/colour/brightness/lightness/visual
dynamic pattern (entropy)
visual
exploration

4 Near—lateral Near vision Texture/colour/brightness/lightness/smelling
visual properties
exploration

5 Near—frontal Near vision Visual texture/colour/brightness/lightness/visual
visual pattern (entropy)
exploration

6 Near dynamic  Near vision Visual texture/colour/brightness/lightness/visual
visual pattern (entropy)
exploration

7 Static contact ~ Vision/touch Temperature/thermal

effusivity/cleaning/footprints

8 Bimanual Vision/touch Shape/size/thickness/weight/visual texture/

exploration brightness/lightness
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9 Joints Vision/touch Joints size/lining up of tiles
inspection

10 Measurement  Vision/touch Shape/size

11 Feeling the Vision/touch Weight/thickness/
weight

12 Lateral Vision/touch Texture/roughness
exploration

13 Stepping on Vision/touch Grip/stability/timbre

14 Friction Vision/touch/audition Grip/stability/texture/roughness/timbre/pitch

15 Knocking Vision/touch/audition Texture/roughness/timbre/pitch/hardness
surface with
nails

16 Knocking Vision/touch/audition Texture/roughness/timbre/pitch/hardness
surface with
knuckles

17 Scratching Vision/touch/audition Texture/roughness/timbre/pitch/hardness
with nails

Table 4.

Percentage of consumers performing each action, and p values for equiprobability [p

(Equiprobab)] and for keeping action being performed [p T(n)/T(n — 1)] from S1 to S16

(steps keeping action being performed in the immediately preceding step in bold)
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S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16
Al 4,08%| 4,08%| 3,57%)20,41%| 8,67% 3,06% 9,18% 7,65%
A2|53,57%|33,16%| 42,86%| 13,27%| 23,47%) 13,27%( 11,22%| 9,69%|13,27%| 23,47%| 10,20%| 10,20%| 10,20%| 6,63%| 6,63%| 6,88%
A3[27,04%| 46,94%| 33,16% | 33,67%)| 15,82%| 6,63%| 20,41%|23,47%| 16,84%| 10,20%| 6,63%| 16,33%| 13,27%| 3,06%| 6,63%| 6,88%
A4| 3,06% 3,57% 3,06%| 3,57%| 6,63% 3,06%| 3,06%| 3,06%
A5[13,27%| 6,63%| 7,14%|23,47%|36,73%|17,35%| 13,78%| 13,78%( 20,41%| 14,80%)| 18,88%| 9,18%| 17,35%| 13,78%| 11,22%| 6,88%
A6 10,20%) 10,20%| 11,22%| 3,57%| 16,84%( 10,20%| 13,27%| 3,06%| 6,63%| 3,06%| 10,20%| 20,41%| 21,43%| 11,73%| 7,41%
A7| 3,06%| 3,06% 6,12%| 10,20% 10,71%) 19,90%( 10,20%| 8,67%| 23,47%| 16,84%| 12,24%)| 18,37%| 14,29%| 27,51%
A8
A9 2,55% 6,63%| 2,55%| 3,57%| 3,06%| 6,12%| 3,57%| 8,67%| 7,65%| 4,59%| 6,63%| 13,23%
A10 510%| 3,17%
All 2,55%
Al12 5,10% 9,69%| 10,20% 3,06%| 11,22%| 3,57%| 3,06% 5,10%| 5,61%| 6,88%
A13 3,06%| 3,06%| 6,12%| 6,12% 6,63%| 3,06%| 3,06%| 3,06%| 3,06%| 3,06%| 16,84%| 5,29%
Al4 3,06% 6,12%| 6,63%| 5,61%| 8,67%| 6,12%| 3,06% 9,18%| 8,99%
A15 3,57%| 3,06%| 3,57%| 3,06%| 3,17%
Al6 3,06%| 3,57%| 7,14%| 10,20%| 3,57%| 3,57% 4,08% 3,70%
Al7 3,06% 6,12%| 6,12%| 6,63%| 3,06%| 3,06%
p (Equiprob)| 0,000| 0,000{ 0,000| 0,000| 0,000 0,000| 0,000{ 0,000| 0,000| 0,000| 0,000 0,000 0,000] 0,000 0,000 0,000
pT(n)-T(n-1) 0,000 0,000| 0,000| 0,000( 0,000| 0,000( 0,000 0,000| 0,004| 0,000 0,000| 0,071 0,000 0,000 0,000
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Table 5.

Percentage of consumers performing each action, and p values for equiprobability [p

(Equiprobab)] and for keeping action being performed [p T(n)/T(n — 1)] from S17 to S31

(steps keeping action being performed in the immediately preceding step in bold)

S17

S18

S19

S20

S21

S22

S23

S24

S25

S26

S27

S28

S29

S30

S31

Total

Al

3,53%

5,93%

2,44%

A2

13,76%

16,93%

20,63%

10,93%

22,94%

7,65%

12,27%

12,27%

17,31%

12,67%

16,06%

5,65%

19,49%

12,38%

33,67%

16,97%

A3

3,70%

13,76%

10,58%

18,03%

4,12%

19,41%

12,27%

11,66%

8,33%

12,67%

14,60%

15,32%

15,25%

12,38%

15,34%

A4

6,88%

7,10%

7,06%

4,38%

4,84%

1,98%

A5

11,64%

4,23%

16,40%

10,38%

6,47%

12,94%

12,27%

13,50%

4,49%

13,33%

15,33%

0,00%

6,78%

20,00%

7,14%

13,29%

A6

11,11%

6,88%

7,94%

17,49%

8,82%

11,76%

3,68%

7,69%

8,67%

9,68%

5,08%

6,12%

8,94%

A7

A8

A9
A10
All
Al12
A13
Al4
Al5
Al6
Al7

10,58%

20,63%

13,76%

4,92%

16,47%

3,53%

28,22%

12,27%

25,00%)

4,00%

9,49%

17,74%

11,02%

24,76%

23,47%

12,88%

2,12%

2,19%

4,03%

0,24%

23,81%

6,88%

3,17%

5,46%

5,88%

23,53%

3,68%

6,75%

3,85%

8,67%

20,44%

10,48%

10,20%

6,39%

2,65%

2,65%

3,68%

4,84%

5,08%

0,81%

0,09%

6,88%

6,88%

3,83%

6,47%

3,53%

4,29%

7,98%

14,10%

9,49%

12,10%

5,08%

19,05%

13,27%

5,24%

3,17%

3,53%

3,53%

13,50%

16,56%

7,05%

4,00%

511%

4,84%

11,43%

4,28%

3,17%

6,88%

9,29%

3,53%

3,68%

7,98%

8,33%

8,67%

11,02%

6,12%

4,03%

3,17%

3,17%

3,17%

3,28%

12,00%

5,11%

10,17%

1,72%

10,58%

4,23%

4,23%

3,83%

11,76%

7,06%

4,29%

3,85%

3,03%

3,17%

10,58%

3,28%

2,94%

3,53%

6,13%

3,07%

15,33%

0,00%

10,48%

5,08%

0,00%

0,00%

2,87%

p (Equiprob)

0,000

0,000

0,000

0,000

0,000

0,000

0,000

0,000

0,000

0,000

0,000

0,000

0,000

0,000

0,000

p T(n)-T(n-1)

0,000

0,000

0,000

0,000

0,000

0,000

0,000

0,000

0,091

0,000

0,000

0,000

0,000

0,000

0,000
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Table 6.

Significant differences in ‘Sensory Stimulation’ from Tukey’s HSD comparison test

Means
Sensory Modality

difference
(D (J) OH-

Vision Touch 7.414%**
Olfaction 19.414***

Audition 20.561***
Touch Olfaction 12.000%**
Audition 13.114***

***p <0.001
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Table 7.

F values, significance and n? values for sequence sections ANOVAS’s

S1- S11- S21-

S10 S20 S31

F 575.06 463.79  190.8
Significance 0.000 0.000  0.000

n? 0.784 0745 0.526
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Table 8.
Significant differences in ‘Sensory Stimulation’ from Tukey’s HSD comparison test for

sequence sections

S1-S10 S11-S20 S21-S31
Means Means Means
Sensory Modality Sensory Modality Sensory Modality
difference difference difference
Q) Q) OH-) 0] ) OH-Q) 0] ) 0=

Vision Touch 4 467*** Vision Audition 5.333*** Vision Touch 1.538***
Olfaction 6.667*** Olfaction 5.633*** Audition  6.500***
Audition 8.0767*** Olfaction 7.154***
Touch Olfaction 2.200%** Touch Audition 4.933*** Touch Audition 4.962***
Audition  3.600*** Olfaction 5.233*** Olfaction 5.615***

Olfaction Audition 1.400***

***p <0.001.
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Table 9.

F values, significance and n? values for the sequence sections’ ANOVAs

Vision Touch Audition Olfaction

F 17.57 4247 3445 2.82

Significance. 0.000 0.000 0.000 0.104

n? 0.093 0.199 0.168 0.013
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Table 10.

Significant differences in sensory modalities from Tukey’s HSD comparison test for the

sequence sections

Vision Touch Audition
Means Means Sequence Means
Sequence section Sequence section
difference difference section difference
U] Q) M- ] ) M- U] Q) (ORI
S11- S11- S1- S11-
S1-S10 1.433*** S1-S10 —2.633*** —1.300***
S20 S20 S10 S20
S21- S21- S21-
S11-S20 —1.518*** —3.013*** —1.651***
S31 S31 S31
*x% < 0,001,
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Table 11.

Number of cases in each cluster and consumer demographics

Cases % Men Awverage age

Cluster 1 125 37 35.6
2 71 45 37.2
Valid 196
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Table 12.

Final centre values of exploring actions per cluster

Cluster
1 2

Static contact 2 6
Lateral exploration 1 2
Near dynamic visual

exploration 2 3
Far—middle dynamic visual

exploration 6 2
Friction assessment 1 2
Knocking surface with nails 0 1
Knocking surface with knuckles 1 1
Joints inspection 1 3
Stepping on 1 2
Scratching with nails 0 2
Near—frontal visual exploration 3 5
Far—middle frontal visual

exploration 6 4
Near—lateral visual exploration 1 1
Far—middle lateral visual

exploration 1 1
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