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1. Executive summary
This document describes the theoretical framework, hypothesis and technical requirements of the
different virtual environments’ scenarios to be used with MRT in the project.
The project coordinator has organized several internal meetings with all the partners where the
general methodology to be adopted in the project has been discussed. As a result of these meetings,
several internal documents were submitted on October 4th, 2019 that described a first proposal about
the following aspects:
o
o
o
o
o

A general framework for the project.
Justification of this framework given the actual state of the art about VR and
marketing research.
A first proposal about the different Virtual Environments (VE) to be used.
An outline of the methodology of the project: mediators/moderators, the relation
between them and the different VE.
An outline of the temporal roadmap (excel file) of the project.

These documents were used as a basis to be discussed during the SB meeting held in Pisa on
November, 14th, 2019. After this meeting, the following methodological aspects of the project were
agreed:
o
o
o

General framework for the project and its justification.
Types of experiments to be conducted.
Timeplan for each type of experiments.

The information described in this document is based on the agreements above described.
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2. General Methodology
2.1. Introduction
RHUMBO general methodology proposes the use of extended reality (XR) technologies (VR/AR/MR)
as an experimentation tool to analyse the influence of the different components of products, stores,
and sellers on the customer retail experience. The general theoretical framework of RHUMBO that
conceptualize customer experience in the retail context is detailed in section 3.
The central hypothesis is that XR is a very promising tool to examine various customer behavioral
patterns in dynamic, complex and realistic situations that will enhance our knowledge of new models
of buyer‐product and buyer‐seller relationships. XR will allow the creation of controlled laboratory
situations to study the factors that affect the acceptability of new products and retail spaces and the
influence that the different elements that surround consumers have on their decisions. By doing so,
we expect to achieve a more comprehensive analysis of specific affective and cognitive responses
experienced by customers when visiting a retail context and the different behaviours that are
provoked by these responses. The different affective and cognitive responses will be obtained by
capturing different implicit measures. As a general framework, several implicit measures of each
subject will be captured while interacting with virtual environments. The implicit measures proposed
by the project are detailed in section 2.2
RHUMBO will adopt a Stimulus‐Organism‐Response (SOR) paradigm (Correia‐Loureiro and Roschk,
2014; Hultén, 2012; Fiore and Kim, 2007; Kaltcheva and Weitz, 2006; Baker et al., 2002; Donovan and
Rossiter, 1982). This paradigm was adopted from the Pleasure‐Arousal‐Dominance model of the
literature on environmental psychology (Mehrabian and Russell, 1974). The SOR model argues that
stimuli (mainly environmental variables) affect the organism (affective and cognitive processes in
shoppers’ minds), and the organism determines psychological responses that origin behavioural
outcomes (Fig.1). In RHUMBO’s nomenclature, the affective and cognitive responses will be named as
emotional and cognitive biomarkers (ECB) and the psychological responses will be named as consumer
named as consumer behaviour biomarkers (CBB).
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Figure 1. SOR model for RHUMBO

As a proof‐of‐concept of the results obtained by the experimental methodology, RHUMBO will build
a comprehensive and complete model of human behaviour in the economic sphere using two case
studies of special socio‐economic relevance: the development of adaptive virtual‐commerce sites and
the neurodesign of physical stores and products. The adaptive virtual‐commerce (V‐commerce)
prototype will adapt in real‐time both product and context contents under an augmented cognition
paradigm. Users’ behavioural and biosignals will be used by the intelligent adaptive engine to optimise
their consuming expectations. The neuro‐architecture prototype will use tools and models developed
by RHUMBO to predict human decision‐making for the optimal design of brick and mortars flagships
stores.
A relational diagram of RHUMBO methodology with involved ESR and different deliverables are shown
in fig. 2 and fig. 3 respectively.

Figure 2. Relationships between methodology and deliverables
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Figure 3. Relationships between methodology and involved ESR

2.2 Implicit measures and concept of consumer biomarkers
To date, most of the theoretical constructs used in consumer behavior are based on explicit measures,
such as self‐report questionnaires, interviews, and projective measures. The reliability and validity of
these techniques can be negatively affected by effects such as social desirability (Grimm, 2010), data
interpretation and subject knowledge (Chan, 2009).
A growing number of marketing scholars are paying greater attention to the influence that implicit
processes have on consumer behavior (Lee et al., 2007), which has led to the emergence of a new
multidisciplinary field, Consumer Neuroscience (CN). Consumer neuroscience uses neuroscientific
insights and methods to enhance the understanding of consumer behavior (Kenning & Plassmann,
2008; Lee et al., 2007; Fisher et al., 2010).), using both implicit and explicit measures, thus helping
marketing scholars develop more complete and integrated theories of consumer behavior.
In recent times, several techniques for the implicit measurement of consumer behavior have been
proposed, based on psychophysiological signals, brain activity measures and/or behavioral measures.
For a recent review of the various techniques see, for example (Chark, 2018). In table 1 we summarize
the main biometric signals to be used in RHUMBO, the possible metrics derived from each signal and
the psychological constructs related to the metrics.

Signals

What is
measured?

How is it
measured?

Which metrics can
be derived

ET
(eye tracking)

Corneal
reflection &
pupil dilation

Infrared cameras
point toward eyes

Eye movements
(gaze, fixation,
saccades), blinks,
pupil dilation

GSR
(galvanic skin response)

Changes in
skin
conductance

Electrodes
attached to fingers,
palms or soles

Skin conductance
response (SCR)

All rights reserved ©

Related
psychological
constructs
Visual attention,
engagement,
drowsiness &
fatigue, emotional
arousal
Emotional arousal,
engagement,
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congruency of selfreports
FEA
(facial expression
analysis)

The activity
of facial
muscles

Camera points
toward the face

HRV

Variability in
heart
contraction
intervals

Electrodes
attached to chest
or limbs or optical
sensor attached to
finger, toe or
earlobe

EEG
(electroencephalogram)

Changes in
electrical
activity of
the brain

Electrodes placed
on the scalp

Frequency band
power, frontal
lateralization,
event-related
potentials, wavelets

Attention, emotional
arousal, motivation,
cognitive states,
mental workload,
drowsiness &
fatigue

fNIRS (functional nearinfrared spectroscopy)

Relative
changes in
hemoglobin
concentration

Electrodes placed
on the scalp

Attention, emotional
arousal, motivation,
cognitive states,
mental workload,
drowsiness &
fatigue

fMRI (functional
magnetic resonance
imaging)

Relative
changes of
cerebral
blood flow

Magnetic
Resonance
Imaging

Frequency band
power, frontal
lateralization,
event-related
potentials,
wavelets on
prefrontal
cortex
Blood-oxygenlevel-dependent
(BOLD) contrast

HBT

Body
movements
(head, hands,
rest of the
body) and
product
movements

Cameras placed in
front of the subject

(heart rate variability)

(Human Behavior
Tracking)

Position and
orientation of the
head. Activation of
action units (aus).
Emotion channels
Heart rate (hr).
Interbeat interval
(IBI). Heart rate
variability (HRV)

Cinematics and
dynamics of
biomechanical
joint
movements

Emotional valence,
engagement,
congruency of selfreports
Emotional arousal,
stress, physiological
activity

Several cognitive
and emotional
responses
Visual attention,
engagement
cognitive states,
mental workload,

Table 1. Implicit measures used in RHUMBO

The methodology to be used in RHUMBO to relate the measurements of biometric signals to consumer
behavior metrics will be to apply signal processing techniques, followed by computational methods to
automatically classify the different consumer behavior metrics. Regarding classification methods,
machine learning (Mars, 2018) and deep learning techniques (Lecun et al., 2015; Yu & Deng, 2011) will
be applied.
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3. Experimental methodology design. RHUMBO experiments
classification
3.1 Experimental methodology design
Based on the framework proposed, we have designed a set of experiment including a specific
methodology for each of them, assessing a specific hypothesis of the project. The experiments are the
following:
Cognitive‐emotional states calibration. The main aim is to calibrate the signal processing and machine
learning algorithms that will be used for measuring cognitive and emotional states of subjects in the
rest of experiments. The stimuli will be generated by 3D virtual environments where the subjects will
interact by means of a VR headset‐based interfaces coupled with 3D touch controllers for
navigation/interaction.
Shopper Profile Classifier Experiments without fMRI. The main aim is to classify each subject
according to the model for shopper genotype characterization. The model must be defined by UVEG
considering the state of the art like shopper drivers (economical, psychological, sociological),
psychological traits like NORISO cube and cognitive styles (impulsive, analytic, holistic). Each subject
is classified according to their shopper profile based on questionnaires and interviews. After that, the
subject interacts in a 3D virtual environments (VE) by means of a VR headset based interfaces coupled
with 3D touch controllers for navigation/interaction. The VE must be contextualized in a retail space,
a series of tasks must be accomplished by the subject while we take biosignals and analyze if these
biosignals are able to classify the subject according to their shopper profile.
Shopper Profile Classifier Experiments with fMRI. The main aim is to contribute to the classification
of shopper characterization adding a new dimension related to the risk‐taking decision styles. The
methodology to be applied is still in development.
Shopper Dimension Experiments. The general objective is to characterize the virtual experience. For
that, an operational model for shopper experience metrics must be defined by UVEG (e.g. attention,
enjoyment, engagement and hedonic/utilitarian value). A set of VE will be developed to evoke the
different statements proposed in a retail experiment. After that, the subject interacts in a 3D virtual
environments by means of a VR headset based interfaces coupled with 3D touch controllers for
navigation/interaction. Each statement will be classified according to the shopper self‐assessment
based on questionnaires and interviews, the assessment of experts and the a‐priori hypothesis of the
VE. The experiment will analyse if the biosignals are able to recognize the statements of the
consumers.
Mediators Experiments. The general objective is to analyze the influence of different mediators on
the shopper behavior. Each subject will be classified using the Shopper Classifier Experiments outputs.
After that, the subject will interact in a 3D virtual environments (VE) by means of a VR headset based
interfaces coupled with 3D touch controllers for navigation/interaction. The VE will be used to
modulate one class of mediators and analyzing the influence of mediators on shopper dimensions
defined by SD experiments. Mediators experiment experiments will be described in D2.2
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3.2 Overview of studies designed
A total of 6 experiment were designed. Chapter 6 described the cognitive‐emotional state calibration
study (CE1) which is focused in the emotion in a VR room displaying validated emotional pictures.
Chapter 7 described the shopper classifier experiment without fMRI (SC1 and SC2), where many
consumer profiles were analysed using two VR environment and protocols, the first one manipulates
the involvement of the product buyed, and the second one the assortment of the products offered.
Shopper classifier experiment with fMRI (FM1) is detailed in chapter 11, in which individual brain
patterns related to risk‐taking preferences were analysed in different consumer domains. Chapter 8
described the shopper dimension experiment (SD1 and SD2), analyzing the confusion, stress,
involvement, enjoyment, risk perception, focus and tangibility in two different VR environments
during a buy.

Type of study
Cognitive‐
emotional states
calibration

Shopper Classifier
Experiments
without fMRI

Shopper Classifier
Experiments with
fMRI

Id
study

Variable analysed

VR environment

Experimental
recording

Detailed
in

UPISA

Chapter
6

CE1

Emotion (valence)

IAPS VR
projection

SC1

Sociodemographic
Psychographic
Decision styles

Supermarket
manipulating
involvement

UPV

Chapter
7

SC2

Sociodemographic
Psychographic
Decision styles

Supermarket
manipulating
assortment

UPV

Chapter
7

FM1

Risk‐taking in consumer
domain

2D and 3D
consumer
product

UKB

Chapter
11

SD1

Confusion
Stress
Involvement

Supermarket

UPISA/UPV

Chapter
8

SD2

Enjoyment
Risk perception
Focus (goal‐oriented)
Tangibility

Department store

UPV

Chapter
8

Shopper
Dimension
Experiments

Table 2. Overview of studies designed in RHUMBO
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4. Theoretical model of shopper profile
4.1 State of the art about shopper classification models
This section aims to review a set of variables to classify consumers based on explicit and implicit
measures and then correlate both. Explicit measures are referred to consumer profiles gathered from
a self‐reported questionnaire. Implicit measures are referred to neurophysiological tools and
navigation in a VE.
Rhumbo proposes to adopt the word "moderators" to define the role of shopper characteristics based
on sociodemographic, psychographic, and decisional variables.
Moderators can be considered either as an internal factor (e.g., demographics, personality or decision
style) or an external factor (e.g., culture). All of them can be measured by applying questionnaires to
the shopper. Moderators can be sorted into three different types: (i) Sociodemographic status is
quickly and accurately obtained by directly asking the person since the moderators included in this
dimension have an objective nature. (ii) Psychographic moderators, although they are usually stable
in life, they have a more subjective nature. Psychologists have been working extensively in creating
new questionnaires that can transform this personal subjective aspect in something objective that can
be used to group people according to their psychographic characteristics, for example the Big 5
personality test, that has been successfully adapted in consumer behavior. Although shoppers may be
aware of some aspects comprising each moderator, many others are not perceived consciously, and,
therefore, cannot be fully captured by questionnaires. To try to overcome this problem, psychologists
developed games to capture psychographics aspects more implicitly (e.g., a gambling task to assess
risk behavior). However, again, some games cannot be generalized across domains. (iii) Decision styles
reflect how consumers make decisions in a shopping setting. Marketing scholars developed
questionnaires and hypothetical situations to try to capture those moderators. However, they are also
not precise. To gain more accuracy of the behavioral measures, big data is being used by companies
to link actual behavior to the predictions, improving the measurement methods.
As stated by Beane and Ennis (1987), there is no one correct way to classify or segment consumers.
Based on the review of the marketing literature on this topic and the contextual goals of each study,
we propose the following classifying variables to be used in Rhumbo.
A non‐exhaustive list comprises the following moderators for each dimension, that will be described
later on, are outlined as follows:


Sociodemographic and geographic variables: age, gender, educational level, income,
household size, marital status, type of family, employment status, zip code, and country of
origin.



Psychographic variables: personality, need for human interaction, self‐service technologies
self‐efficacy, self‐oriented values, motivations, personal cultural orientations, attitudes, and
experience.



Decision styles: motivation‐opportunity‐ability, central‐peripheral, loyalty, and impulsiveness,

As earlier mentioned in section 2, Rhumbo follows the S‐O‐R framework (Mehrabian & Russell, 1974)
as depicted in Figure 1. S‐O‐R is grounded in environmental psychology and provides the theoretical
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basis for the understanding of customer behavior. The theory states that a stimulus (S) influences
people's internal affective evaluations (O), which, in turn, leads to approach or avoidance responses
(R) (Floh & Madlberger, 2013). According to Jacoby (2002), the stimulus is the environment as
encountered by the individual at a particular moment in time. Jacoby (2002; p. 54) described the
organism component as "prior experiences, knowledge, beliefs, attitudes, predispositions, intentions,
values, cognitive networks, schema, scripts, motives, the individual's personality, feelings…".
Customer response (R) is basically the desire to enter or leave a particular environment, that is,
approach or avoidance behavior. In Rhumbo project, the organism component includes the
"moderators". Therefore, Rhumbo will be based on the initial S_O_R model but also will attempt to
look at the refined version, as suggested by Jacoby (2002).
This type of experiments will adopt two types of measures. As already mentioned, the shopper
moderators will be measured through explicit measures based on self‐reported questionnaires of each
of the classifiers that will be described hereafter. Second, implicit measures based on
neurophysiological tools and interaction in a VE will be captured in an empirical study. Alcañiz, Bigne
and Guixeres (2019) show in their paper on VR different tools and metrics that can be obtained. These
will be described in detail in sections 2.2, 9 and 10 of this deliverable. The analysis will be based on
the relationships between explicit and implicit measures in order to get accurate measures for
classifying consumers.

Specific dimensions
Sociodemographic and geographic variables
The validity of using sociodemographic and geographical variables in classifying consumers has been
proven in the marketing literature since the early studies (see for a review Beane and Enis, 1987).
Their benefits are obvious because of their simplicity and objectivity to be captured (Hawkins,
Mothersbaugh and Best, 2015). Despite the fact that its use goes back to the last century, recent
literature shows that it is still used in the five major marketing journals (Peighambari, Sattari,
Kordestani, and Oghazi, 2016). However, external variables such as lifestyle, motivations, personality
and values, are more used in the recent literature in consumer behavior (Peighambari et al. 2016).
Psychographic variables
Overall, psychographics looks at the inner person rather than the outward characteristics of the
consumer. The use of psychographic variables comes up as a further attempt to properly differentiate
between consumers. Their boundaries are less objective than the sociodemographic variables, but, in
some cases, they grant more explanatory value. The psychographic variables are gathered through
questionnaires and then, by means of clustering or similar multivariate analysis, groups can be
obtained. As Wells (1974; 1975) pointed out, psychographics have a higher predictive value than
sociodemographic variables.
Personality
Personality refers to the intrinsic organization of an individual's mental world that is stable over time
and consistent over situations. The most widely recognized approach to measure personality traits is
the Big Five or Neo‐Personality Inventory (Solomon, 2018). The big five model consists of five
personality traits – extraversion, agreeableness, conscientiousness, neuroticism and openness to
experience. A huge literature in different domains have provided evidence for the robustness of the
All rights reserved ©
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five dimensions (see for a review Barrick and Mount, 1991). Steenkamp and Maydeu‐Olivares (2015)
found that consumers traits are almost stable over 12 years of analysis. Mulyanegara, Tsarenko, and
Anderson (2009) found relationships between the dimensions of the Big Five and the types of brands,
and brand preference. We argue that the dimensions can be correlated to implicit measures in a VE
and remain stable.
Beyond Big Five, research has pointed out how some specific personality trait affect to self‐service
technologies (Lee and Yu, 2016). Of particular interest for our study are the following two constructs
that have been tested in similar self‐service technology settings (Lee and Lyu, 2016): the need for
human interaction and self‐service technologies self‐efficacy. The need for human interaction will be
measured following Dabholkar (1996) four‐item scale. Self‐service technologies self‐efficacy will be
based on the study of Van Beuningen, De Ruyter, Wetzels and Streukens (2009) by means of six
questions.
Values
Human values have been used for segmenting consumers (Kamakura and Novak, 1992). The influence
of values in human behavior and also in consumer studies has been acknowledged (Lee and Lyu, 2016;
p. 323). Despite the multiple definitions on values in the literature, we follow Lee and Lyu (2016) in
relating values as "enduring beliefs" or "motivational goals" relating to "desired modes of conduct or
end‐states of existence" that serve as principles that guide the selection of actions, attitudes, and
behaviors (p. 323). Values differ from attitudes because they are more general and enduring. The
measurement of personal values is based on scales. The most used ones are: (i) List of Values, LOV.
The nine items that the LOV scale consists of: self‐fulfillment, sense of accomplishment, security;
sense of belonging, being well‐respected, self‐respect; excitement, fun and enjoyment in life, warm
relationships with others. The dimensions have been classified into internal (1‐3), external (4‐6) and
fun/excitement values (7‐9). The scale was initially developed by Kahle (1983).
Attitudes
As stated by Batra and Ahtola (1990) consumer attitudes are bidimensional hedonic and utilitarian,
because consumers purchase products for two basic reasons: (1) consummatory affective (hedonic)
gratification (from sensory attributes), and (2) instrumental, utilitarian reasons concerned with
"expectations of consequences" (of a means‐ends variety, from functional and non‐sensory attributes)
(p. 159). The two dimensions of attitudes toward using VR are adapted from a scale developed by
Voss, Spangenberg, and Grohmann (2003).
Motivations
Research on shopping motive is huge and diverse. Essentially, it is related to the context of study.
Based on that Rhumbo will focus on literature draw from e‐commerce as a basis for delineating
consumer motives in shopping in VR. Previous literature on shopping motives has distinguish between
utilitarian and hedonic motives (Ono, Nakamura, Okuno, & Sumikawa, 2012). A closer look into such
types goes into specific motivations as suggested by Arnold and Reynolds (2003). They identified six
types of shopping motivations: (i) value motivation (shopping for sales, looking for discounts, and
hunting for bargains); role motivation (enjoyment, excitement); adventure motivation (stimulation,
adventure, and the feeling of being in another world when in shopping places), social motivation
(enjoyment with friends and family in shopping); gratification motivation (stress, relief effects of
shopping), and idea motivation (shopping to keep up with trends and new fashions). The initial scale
was proposed by Arnold and Reynold (2003) and more recently has been used by Ono et al. (2012).
All rights reserved ©

RHUMBO_UPV_009_A_Deliverable

This project has received funding by the EC under the Program Horizon 2020 as in the Marie-Sklodowska Curie Actions,
Innovative Training Networks (ITN), Call: H2020-MSCA-ITN-2018, GA Nº 813234

Document: D2.1. Theoretical framework, hypothesis and technical requirements
Author: UPV
Reference:
Dissemination Level: PU

Version:

1.0.

Date:

30.04.2020

Type:

R

Personal cultural orientation
Culture represents a set of shared knowledge of beliefs, values, attitudes of a larger group of people
(Hong, Morris, Chiu, & Benet‐Martinez, 2000). These large groups have been associated to nations by
assuming that the cultural orientations are homogeneous on each country and differ from countries.
In this sense, Hofstede (1980, 2001) developed a cultural framework at national level to explore cross‐
cultural differences in consumer behavior. Initially, he proposed four dimensions (i) individualism‐
collectivism, (ii) power distance, (iii) masculinity‐femininity, and (iv) uncertainty avoidance. Based on
his work with Bond (1988), he later added (v) long vs. short‐term orientation as the fifth cultural
dimension. Hofstede's impact on research is huge across different domains, and his usefulness relies
on the availability information of each country as can be seen here https://www.hofstede‐
insights.com/product/compare‐countries/. Therefore, Rhumbo will use such values as a potential
base for classifying consumers at the national level. Despite the globalization, we argue that this
scheme fits well in a cross‐cultural study as it is being developed by Rhumbo. However, new measures
need to go further in identifying individual cultural values. The need for developing individual cultural
values has been addressed by developing various self‐reported scales in marketing (see for more
details Sharma 2010). As a result, Sharma proposed a scale for capturing individual cultural values at
the international level and across cultures. Based on an extensive literature review and other scales,
Sharma (2010) tested a new scale formed by twelve dimensions whose items fit well in the purpose
of the Rhumbo experiments: independence, interdependence, power, social inequality, risk aversion,
ambiguity intolerance, masculinity, gender equality, tradition, prudence, consumer innovativeness,
and consumer ethnocentrism.
Experience
Experience with a specific technology is associated with greater use of that technology (Thompson,
Higgins, & Howell, 1994). The newness of VR may result in different patterns of navigation, ranging
from just browsing by exploratory purposes to more focused search. The previous experience has
been approached through singles questions asking for the number of times participants have used VR
in the last six months. An additional way for classifying customers in a VE setting is to address their
information‐seeking behavior through a 10‐item scale proposed by Baumgartner and Steenkamp
(1996) for capturing Explorative Acquisition of products (EAP).
Decision styles
Consumer follows different pattern for decision making. These processes have been addressed
extensively in the marketing literature. However, some of the models have been build up on a
theoretical basis. One example of a model of interest is the Heuristic‐Systematic Model (HSM)
(Chaiken, 1980). HSM is a widely recognized communication model that attempts to explain how
people receive and process persuasive messages. Under the HSM are two models of information
processing: systematic processing and heuristic processing. During systematic processing, a message
recipient examines all the pieces of information carefully for their relevance and importance to the
task before making a final decision. By its hand, in heuristic processing, the message recipient uses a
few informational cues, such as simple decision rules, to reach a conclusion by assessing available
information. Hereafter we focus on the models of interest for classifying consumers in the Rhumbo
project.
Motivation‐Opportunity‐Ability framework
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The Motivation‐Opportunity‐Ability (MOA) framework (MacInnis and Jaworski, 1989) posits that the
degree to which individuals process information is based on underlying motivation, existing
opportunities, and abilities. This framework reflects three shopper classifiers that might affect the
interaction in VE settings.
Central and peripheral processing
The Advertising Response Model (ARM) (Mehta, 1994) is an attempt to provide a framework to assess
advertising performance. Its application helps evaluate if the advertising being tested fulfills the
marketing communications objectives set for it. An ad must first break through the clutter and gain
attention. If the advertising captures attention, processing occurs along one or both routes: central
and peripheral. During central processing, the focus is on the product and/or brand‐related
information, while ad/commercial‐related issues are more dominant during peripheral processing.
The processing route is expected to be influenced by involvement levels. Under high involvement,
respondents process information via a central route by elaborating on the brand‐related information.
Peripheral processing occurs under low involvement conditions, and subjects typically rely on the
available peripheral cues such as music, source or spokespersons, and others.
Processing that occurs along the central route leads directly to brand attitude, which, in turn,
influences buying interest or buying intention. Peripheral cues may also influence brand attitudes as
well. Attitudes formed or changed as a result of central processing tend to be more permanent and
resistant to change.
Peripheral processing leads directly to ad attitude/ad liking, which, in turn, may influence brand
attitude and buying interest. Attitudes formed or changed as a result of peripheral processing are apt
to be more temporary in nature and may be lost as the peripheral cues influencing the attitudes cease
to be present. It may be thus necessary to have repeated exposure of the same or similar advertising
to reinforce the relationship between the peripheral cue and the brand in question.
This framework has to be related to the Limited Capacity Model of Motivated Mediated Message
Processing or LC4MP. This model is an explanatory theory that assumes humans have a limited
capacity for cognitive processing of information, as it associates with mediated message variables;
moreover, they (viewers) are actively engaged in processing mediated information.
Consumer loyalty
Consumer loyalty refers to a favorable behavioral or attitudinal toward a brand, product or store,
resulting in consistent purchase over time (see for a review Srinivasan, Anderson, & Ponnavolu, 2002).
In a VR setting, Bigne, Llinares and Torrecilla (2016) studied that non‐regular buyers are less variety‐
seeking than loyal consumers towards a product or a store. The measurement of loyalty can be
approached from different perspectives. For the classifiers type of experiments, we will measure it
through two single items inspired on Zentes, Morschett, and Schramm‐Klein (2008) as follows, (i) how
often do you buy (product under study), using a 5‐point Likert scale from 1 = very seldom to 5 = very
often; (ii) how often do you buy in the same type of store, using a 7‐point Likert scale from 1 = never
to 7 = always.
Consumer impulsiveness
Consumer impulsiveness is referred to as impulsive buying on a consumer journey. Impulse buying,
described as unplanned, compelling, and hedonically complex purchasing behavior (Stern, 1962). As
Chan, Cheung, and Lee (2017) point out in their state of the art on impulsive buying in e‐commerce,
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40% of all online consumer expenditure is attributable to online impulse buying. The authors review
the literature on the topic through the S‐O‐R approach. Our purpose here is to identify the impulsive
buying as a tendency, not as a consequence of the stimuli. In this sense, Verplanken and Herabadi
(2001) developed a 20‐item scale to measure general impulsive tendency that includes cognitive
aspects (lack of planning and deliberations, and affective aspects (pleasure, excitement, compulsion,
lack of control and regret).

4.2 Model adopted in RHUMBO
Rhumbo will adopt previously well‐established measurement systems provided by the literature to
classify shoppers according to their moderators. These classifiers (moderators) are stated in item 4.1.
However, depending on the task and the conditions (e.g., total time of the experiment), the number
of classifiers employed for each one of the dimensions might be adjusted, but always keeping the
three dimensions (sociodemographic, psychographic, and decisional).
For sociodemographic moderators, a questionnaire addressing each moderator will be used. For
psychographic and decisional moderators, questionnaires based on scales provided both from the
psychology and marketing discipline will be used. Besides this, Rhumbo will adopt the VR technology
to expose shoppers to immersive shopping situations to gather implicit behavior metrics, contributing
to both the psychographic and behavioral measurements.
Due to the large number of variables and situations that influence on shopper behavior, we stress the
importance to refer to the most up‐to‐date literature in the planning and development phases of the
experiment, making it possible to adapt, change, add or exclude the elements of the virtual
environment, the tasks, the scales and questionnaires accordingly to induce more precise behavior
and neurophysiological responses. This means that, although the proposed elements of the
experiments and the behavioral variables (demographics, psychographics, and decision‐styles) were
carefully thought and based on the literature, we seek to be flexible to make adaptations in case those
adaptations lead to better outcomes.
Based on the related literature from marketing and online commerce, and the scarce literature on VR,
Rhumbo will develop the following hypotheses depicted in this model that summarizes such
relationships. Each arrow represents the relationship.
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Figure 4. Model and hypothesis of shopper classifiers

4.3 The different dimensions of the classification model selected and the
psychological constructs behind each dimension
The proposed classification model uses two different dimensions: (i) explicit, and (ii) implicit. The
explicit dimension comprises questionnaires based on scales already available and validated by the
psychology and marketing literature. By its own nature, questionnaires capture knowledge and
thoughts that are available for consideration, what we call here by explicit answers. The implicit
dimension comprises the tasks to be accomplished in the VR environment through navigation and
shopping tasks. Although the behavior of the shopper in such environment will be explicitly observed
and measured (e.g., how the shopper interacts with a product), the process behind this behavior
happens with the contribution of unconscious procedures (e.g., emotional bonds with the product).
Those unconscious psychological constructs, captured by navigation patterns and neurophysiological
metrics ‐ what we call here by implicit answers, are the target for classification purposes.

4.4 Detailed description of contents of VE to be used for shopper classifier
experiments. Experimental design and hypothesis
Two different experiments (SC1 and SC2) with several tasks each are proposed to evoke different
behavioral and neurophysiological responses in the participants. These experiments are detailed in
chapter 7.
The goal of the shopper classifier experiments is to manipulate personal "shopping intention" (through
differences in product perceptions) and external cues of the shopping environment that are expected
to generate different emotional and cognitive states according to the variables defined for
classification (sociodemographic, psychographic, and decision styles). Therefore, when a shopper is
facing one or another level of product involvement, and one or another environment condition, it is
expected that s(he) reacts in a particular manner to both the shopping environment and shopping
process (e.g., browsing, choosing). Therefore, ultimately, the employed decision‐making mechanism
will be captured by the behavioral and (neuro)physiological measurement tools. In a further step,
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those metrics are supposed to predict the chosen variables. Taken this overall idea into consideration,
we propose the following general hypothesis:
H: Each shopping situation and its elements will lead to distinct behavioral and neurophysiological
reactions.
The following table depicts the main aspects of the experiments:
Variable

Specific variable

Exp

Sociodemographic

Gender (SC1), others from item 1

SC1 / SC2

Psychographic

Personality (SC1), others from item 1

SC1 / SC2

Decision styles

Impulsivity, head x heart, thinking‐style (SC1),
others from item 1

SC1 / SC2

Table 3. Types of shopper profiles included in the experiments
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5. Theoretical model of shopper dimensions
5.1 State of the art about customer experience model in the retail context
"While prior economic offerings – commodities, goods, and services – are external to the buyer,
experiences are inherently personal, existing only in the mind of an individual who has been engaged
on an emotional, physical, intellectual, or even spiritual level" (Bourdieu & Gilmore, 1998, p. 99). The
customer experience concept identifies five types of experiences: sensory (sense), affective (feel),
cognitive (think), physical (act), and social‐identity (relate) experiences, as suggested by Schmitt
(1999). Drawing on the consumer behavior and retailing literature, Puccinelli et al. (2009) propose
seven areas to understand consumer behavior in retail: (i) goals, schemas, and information processing;
(ii) memory; (iii) involvement; (iv) attitudes; (v) affect; (vi) atmospherics; and (vii) consumer
attributions and choice. We will not explain those areas here; however, what is relevant is that they
eventually shape the customer experience (Grewal et al., 2009).
Shopping experience creates hedonic and utilitarian values, that can differ depending on the type of
product, situation, shopping channel (Blázquez, 2014). The literature implies that retail customer
experience comprises four dimensions: (i) joy (e.g., fun, pleasure, engagement derived from shopping,
that can shape approach and avoidance behavior); (ii) mood (e.g., emotional aspects can shape mood
and feelings, influencing shopping intentions); (iii) leisure (e.g., the entrainment and sense of scape of
shopping); and (iv) distinctive (e.g., the uniqueness of each shopping experience, which can be
influenced by the store environment and design), with dimensions (i) and (ii) having more weight to
the retail customer experience (Bagdare & Jain, 2013 and their cited references). All these four
dimensions comprise elements of cognitive, emotional, sensorial and behavioral aspects (Bagdare &
Jain, 2013). Verhoef et al. (2015, p. 32) explicitly define customer experience in a retailing context as
a multidimensional construct and specifically state that the customer experience construct is holistic
in nature and involves the customer's cognitive, affective, emotional, social, and physical responses
to the retailer. In online settings, online customer experience is derived from the cognitive and
affective experiential states (Rose et al., 2012).
The perspective is changing from “what” to sell to “how” to sell (Sachdeva & Goel, 2015). Physical
stores are superior in generating multisensory perceptions; however, digital technology can enhance
customer experience by recreating many of those sensory experiences also in digital environments
(e.g., e‐commerce website) (Blázquez, 2014). Furthermore, now that consumers are aware of digital
tools and used to online shopping channels, the perception of the brick‐and‐mortar retail is also
changing. Blázquez (2014, p. 97) points that her research data "suggest the need to redefine the in‐
store shopping experience, promoting the use of technology as a way to create an engaging and
integrated experience among channels". People inherently like to use their senses to touch, inspect,
test. Sachdeva and Goel (2015) points that retailers are seeking to offer unique or unusual experiences
to attract customers to physical stores, by encouraging the appreciation of the hedonic aspects of
consumption. "This is the new experiential paradigm shift in shopping. The need whether utilitarian
or hedonic carries them to the store but emotions make them stay and shop" (Sachdeva & Goel, 2015,
p. 290).
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5.2 Model adopted in RHUMBO
Rhumbo adopts the nomenclature "dimension" to refer to each one of those five above‐mentioned
costumers' responses to the retailer (cognitive, affective, emotional, social, and physical). At this stage
of the project, Rhumbo focuses on two dimensions: "cognitive" and "affective", due to the type of VE
developed (basic VE). Further experiments (as the ones that will be developed for D2.2) may expand
to other dimensions as well.
Rhumbo uses external and environmental cues to manipulate the shopper cognitive and affective
responses to the VE. There is no single cognitive or emotional state that can evoke each one of the
dimensions; rather there are multiple states and/or a combination of states that lead to the
perception of a "dimension experience". Here we call each one of these states as "sub‐dimensions".
Moreover, the dimensions are not entirely independent from each other; instead, they interact and
produce spillover effects of one to another. For example, shopper confusion represents a mental state,
and it is commonly found in shopping situations. It is related to three dimensional aspects: (i) cognitive
(cognitive efforts to deal with confusion ‐ like reasoning, encoding, storing and retrieving information),
(ii) affective (negative emotional reaction to confusion – like anger, frustration, irritation, anxiety), and
(iii) conation (restricted behavioral intentions due to the misinterpretation of the store environmental
stimuli) (Garaus et al., 2015, and the references cited in their paper).
In an attempt to find a good trade‐off between time, effort, and monetary expenses necessary to
conduct the experiment and the outcomes generated by those experiments, we propose to use seven
sub‐dimensions in total (item 5.3). However, due to a large number of variables and situations that
influence on cognitive and affective dimensions, we stress the importance to refer to the most up‐to‐
date literature in the planning and development phases of the experiment, making it possible to adapt,
change, add or exclude the sub‐dimensions, the mediators that induce the sub‐dimensions, the
elements of the virtual environment, the tasks, the scales and questionnaires accordingly to induce
more precise cognitive and affective responses. This means that, although the proposed elements of
the experiments were carefully thought and based on the literature, we seek to be flexible to make
adaptations in case those adaptations lead to better outcomes.

5.3 The different shopper dimensions to be used in RHUMBO (affective and cognitive
responses)
Rhumbo proposes to use the following seven sub‐dimensions: confusion, stress, product
involvement, enjoyment, risk perception, focus, and tangibility. These sub‐dimensions were chosen
based on two main criteria: (i) they evoke cognitive and affective responses, and (ii) they are relevant
for marketing and business applications. Next, we briefly explain the rationality behind each sub‐
dimension.
Confusion (evoked by the shelf layout and background sounds):
Confusion impacts the cognitive and affective dimensions (see item 5.2). When a store layout matches
the expectations of a shopper pre‐defined schema, information process is more efficient. However,
when there is a mismatch, confusion arises (see Garaus et al., 2015 for the references of those
studies). Garaus et al. (2015) investigated shopper confusion related to the retail store environment.
The findings show that, under certain shopping situations, shopper confusion lower both the
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utilitarian and hedonic shopping values, with a more substantial negative impact on the hedonic
shopping value.
Stress (evoked by time pressure):
Time pressure is known as one type of stress, and also as a significant factor of stress (Aylott &
Mitchell, 1998). Past studies demonstrated that under time pressure consumers (i) process
information through heuristic rules, (ii) have more psychological pressure (psychological stress),
increased anxiety and negative emotions leading to more risk aversive behavior (see Liu et al. (2018)
for the references of those studies). In sum, time pressure (and consequently, stress) affect shopping
behavior through the influence of cognitive processes. However, the response to the stressful
situation is different across individuals and "may depend on stress reaction factors such as personality,
attitude, motivation, age and life stage, gender, education and ability, socio‐economic status, lifestyle
and coping ability" (Aylott & Mitchell, 1998, p. 367). Sohn and Lee (2017, p. 341) found that "time
pressure during shopping reinforces negative emotions, resulting in increased affective impulse
buying", but no effect was found for the relationship between positive emotions and affective
impulsive buying or between positive and negative emotions and cognitive impulsive buying. More
time available (less or no time pressure) leads to more time in in‐store browsing and decreases
negative affect (Beatty & Elizabeth Ferrell, 1998). Time pressure changes behavior also in e‐commerce.
Liu et al. (2018) found that under time pressure participants look longer and more times to products
with high brand awareness compared to products with low brand awareness. No effect was found
when there was no time pressure.
Involvement (evoked by the type of product):
"The involvement construct is motivating in nature. When we are involved, we pay attention, perceive
importance and behave in a different manner than when we are not involved" (Zaichkowsky, 1986, p.
12). Based on the literature, Zaichkowsky (1986) proposed that personal factors, object or stimulus
factors, and situational factors are the antecedents of involvement (with advertisements, products,
and purchase decisions). The author says that involvement with products has as possible outcomes a
preference for a particular brand, perceived differences in product attributes, and the relative
importance of a product class. Moreover, there may exist affective and cognitive types of involvement
(Zaichkowsky, 1994). Lockshin et al. (1997) found that involvement (comprised by product, brand
decision, and purchase involvement) can provide an understanding of shopping behavior. Consumers
showing high product involvement tend to employ more time and cognitive effort in their product
choices (Lockshin et al., 1997; Sohn & Lee, 2017). It was found that product involvement is not only
related to consumer decision making styles, but it also changes the style according to the perceived
product involvement (Bauer et al., 2006). This means that not only the product category influences
consumer behavior, but also the level of involvement with the product.
Enjoyment (evoked by interactivity):
"Shopping enjoyment is defined as the pleasure one obtains in the shopping process". (Beatty &
Elizabeth Ferrell, 1998, p. 174). Although enjoyment may be a personal characteristic (some people
naturally see shopping as a hedonic activity while others see as a simple utilitarian task), it is possible
to change enjoyment levels through external sources. For example, interactive features are able to
create more enjoyable environments (Childers et al., 2001; Cyr et al., 2009; Kang et al., 2020; Kim et
al., 2007; Lee et al., 2010; Yim et al., 2017).
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Shopping enjoyment affect consumer behavior. High shopping enjoyment influences positive affect
which leads to an urge to buy impulsively (Beatty & Elizabeth Ferrell, 1998; Mohan et al., 2013);
however, there was no support for the relationship between enjoyment and in‐store browsing
behavior (Beatty & Elizabeth Ferrell, 1998). Enjoyment also affect attitude toward online retail
(Childers et al., 2001; Cyr et al., 2009; Kim et al., 2007; Lee et al., 2010). Playfulness (that provides
enjoyment) was also found to influence the purchase decision‐making process (Kang et al., 2020).
Risk perception (evoked by social proof):
Consumer researchers often define perceived risk by understanding "risk in terms of the consumer's
perceptions of the uncertainty and adverse consequences of buying a product (or service)" (Dowling
& Staelin, 1994, p.119). Perceived risk can explain certain consumer's behaviors, "since consumers are
more often motivated to avoid mistakes than to maximize utility in purchasing" (Mitchell, 1999, p.
163). Moreover, high involvement product choice situations induce risk perception (Dowling, 1986) ,
and it was found that perceived risk also affect online retail (Lee et al., 2010). The broad adoption of
online reviews might be explained by their effect on reducing uncertainty perception before
acquisition (Flanagin et al., 2014; Langan et al., 2017). Star ratings and reviews are one of the forms of
electronic word‐of‐mouth (eWOM). These star ratings have become highly relevant as firms are
witnessing first‐hand the significant impact of a well‐managed star rating in driving sales (Yoon et al.,
2019). While user‐generated content denotes the "media content created or produced by the general
public rather than by paid professionals and primarily distributed on the Internet" (Daugherty et al.,
2008, p. 16), eWOM is the UGC that is necessarily electronic and consumption related (Babić Rosario
et al., 2020). UGC works as an "indicator of information credibility", which impacts on consumers'
behaviors and attitudes (Flanagin & Metzger, 2013) (for other sources, also refer to De Pelsmacker et
al., 2018). Considering customer reviews, a survey revealed that 78% of the Americans trust online
reviews as much as personal recommendations in given circumstances (with 19% in all situations)
(Statista, 2020). Consumers incorporate ratings in decision‐making processes, showing that they are
seen as credible cues, even though there are indications that people are conscious that ratings might
not be the best source for assessing the quality of commercial information (Flanagin et al., 2014).
Consumers consider different elements of a review, such as the volume (number of reviews provided),
the average start rating (valence), the source of the review (e.g., friends) (Langan et al., 2017). Recent
studies found that those elements influence consumer behavior (Hong & Pittman, 2020; Zablocki et
al., 2019).
Focus (evoked by a shopping list):
Purchasing is often a goal‐oriented process. Goals have a clear role in influencing consumers'
perceptions of the shopping environment and the elements present on it and the shopping experience
(Puccinelli et al., 2009). It impacts on information processing and focus attention to relevant cues,
while ignores irrelevant ones. For example, when doing groceries for a specific meal, shoppers' focus
is on buying the necessary ingredients and avoid being distracted by other elements, such as
promotions, displays, other products (Puccinelli et al., 2009). Ahmed and Ting (2019) studied the role
of a shopping list in goal‐directed shopping. They started from the hypothesis that goal‐setting
positively influences intention and the creation of a shopping list, while the shopping list positively
influences intentions and positively mediates the relationship between goal setting and intentions.
They found that shopping lists are essential to form intention and stick to the planned behavior, with
consumers creating shopping lists to serve as a memory aid, money controller, shopping controller,
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and deviation controller. We can infer from their research that consumers are aware that
consumption behavior changes when having a clear focus of what to buy compared with no focus.
Research on the domain of the cognitive neuroscience and psychology found that the ability to remain
focused on a particular relevant stimulus while in the presence of potential distractor elements
depends on the "the level and type of load involved in the processing of goal‐relevant information",
in which "whereas high perceptual load can eliminate distractor processing, high load on 'frontal'
cognitive control processes increases distractor processing" (Lavie, 2005, p. 75). Furthermore, focused
attention is highly correlated with visual processing patterns. Under certain conditions, people can be
very efficient in visual selection, by directing attention to the relevant stimuli and ignoring distractions
(Yantis & Johnston, 1990). Also, it is relevant to consider that a stimulus can evoke a bottom‐up or a
top‐down visual mechanism. Connor et al. (2004) review the brain responses to salient objects
(bottom‐up mechanism) while engaging in a goal‐direct attention process to another object. It was
also found that "bottom‐up mechanisms induced by cross‐modal interactions capture attention
towards multisensory events, particularly when competition to focus elsewhere is relatively low.
Conversely, top‐down attention can facilitate the integration of multisensory inputs and lead to a
spread of attention across sensory modalities" (Talsma et al., 2010, p. 400). Furthermore, visual
working memory and selective attention are correlated. Olivers et al. (2011) review a series of studies
and concluded that "whereas active memory items function as an attentional template and directly
affect perception, other, accessory items do not", showing that "items compete for the status of
'attentional template' that contains only one object at a time" (Olivers et al., 2011, p. 327).
Tangibility (evoked by "trying on"):
According to Freiden et al. (1998, p. 214), tangibility refers to the product's physical properties and
the extent to which it can be seen, felt, heard, smelled, etc.". Thus, clearly physical products are more
tangible than virtual ones. However, it is possible to increase the level of perceived tangibility even in
digital environments. For example, the possibility to rotate a virtual object and/or to superimpose the
object on another element may create a sense of (local) presence of this object (Vonkeman et al.,
2017). Interactivity with the object and vividness perception plays a role in enhancing this local type
of presence (Vonkeman et al., 2017), and virtual mirrors (that makes possible to see how a virtual t‐
shirt looks like in the person, for example) provides a better sense of product tangibility compared to
pictures of the object and with the possibility of only rotating the virtual object (Verhagen et al., 2016).
The sense of local presence impacts on consumer behavior. Touching an object increases intention to
buy this object and for a higher price (Caboni & Hagberg, 2019). In addition , when virtual products
can be manipulated, it increases perceived informativeness and playfulness of the shopping interface
(Kang et al., 2020). This is valid also for comparing products represented using augmented reality (AR)
or in a traditional website, in which AR increases positive perceptions towards the medium, but also
increases purchase intention (Yim et al., 2017). Tangibility affects offers' examination, evaluation, and
selection, and it also increases product comparisons, influences consumer senses and cognitive
evaluations (Hellén & Gummerus, 2013). Local presence, by simulating actual product trial, generates
affective responses toward the product and reduce product risk perceptions (Vonkeman et al., 2017).
Moreover, "a vivid and interactive product presentation can set in motion a process that influences
consumers' emotional states and may result in higher levels of impulse buying" (Vonkeman et al.,
2017, p. 1044).

All rights reserved ©

RHUMBO_UPV_009_A_Deliverable

This project has received funding by the EC under the Program Horizon 2020 as in the Marie-Sklodowska Curie Actions,
Innovative Training Networks (ITN), Call: H2020-MSCA-ITN-2018, GA Nº 813234

Document: D2.1. Theoretical framework, hypothesis and technical requirements
Author: UPV
Reference:
Dissemination Level: PU

Version:

1.0.

Date:

30.04.2020

Type:

R

5.4 Detailed description of contents of VE to be used for shopper dimensions
experiments. Experimental design and hypothesis
Two different experiments (SD1 and SD2) with several tasks each are proposed to evoke different
aspects of cognitive and affective dimensions in the participants. These experiments are detailed in
section 8.
The goal of the shopper dimension experiments is to "immerse" the shopper in a pre‐defined shopping
situation that will induce the desired shopper sub‐dimension state. When the shopper is in the specific
cognitive and affective state, (s)he is expected to react in a particular manner to both the shopping
environment and shopping process (e.g., browsing). Therefore, ultimately, the employed decision‐
making mechanism will be captured by the behavioral and (neuro)physiological measurement tools.
In a further step, those metrics are supposed to predict the shopper sub‐dimension state. Taken this
overall idea into consideration, we propose the following general hypothesis:
H: Each shopper sub‐dimension state and its levels will lead to distinct behavioral and
neurophysiological reactions.
The following table depicts the main aspects of the experiments:
Sub‐
dimension

Mediator

High level

Low level

Product/Situation

Exp

Confusion

Shelf layout/
background
sound

Messy shelf /
noisy background
sound

Tidy shelf / quiet
background
sound

Products in a
hypermarket

SD1

Stress

Time
pressure

30sec ‐ 1 min

5 min

Products in a
hypermarket

SD1

Involvement

Product type

High involvement
products / own a
dog

Low involvement
products / do not
own a dog

Products in a
hypermarket

SD1

Enjoyment

Interactivity
with
technology

Devices for
interaction
(gather more info
of the products)

No interaction
(no devices)

Clothing in a
department store

SD2

Risk
perception

Social proof
(reviews)

Neutral ratings +
low number
reviews + some
products with no
reviews

Positive ratings +
high number of
reviews + written
reviews

Tablets in a
department store

SD2

Focus

Shopping list

Shopping list with
all items in
separate

Shopping list with
a general note

Stationery section
in a department
store

SD2

Tangibility

Trying on
option

Interaction with
the product +
virtual trying on

No interaction

Sun‐glasses in a
department store

SD2
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Table 4. Shopper dimensions analysed and mediators related.
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6. Description of VE contents for cognitive‐emotional states
calibration
Rhumbo framework proposes a first type of experiment that analyses the basic cognitive‐emotional
states of subjects in VE environments, in order to analyze basic physiological patterns in VR. To this
extent, an adaptation of previous research methodologies has been developed to VE where subjects
interact by means of VR headset. Basic cognitive‐emotional calibration allows to compare previous
scientific knowledge obtained in lab set‐ups with VR evoked responses.

6.1 Experiment SE1
The VE developed is a virtual room of dimensions 6M x 6M was developed using Unity 3D game engine
(www.unity3d.com). The participant wears a Vive HMD glasses than send data wirelessly to a central
computer in the same room. The participant could move inside the virtual environment walking
naturally thanks to the special tracking zone of 6 x 6 meters implemented just at the same dimensions
of the virtual store generated, but it’s positioned in the center of the room. The environment includes
a large virtual screen where a set of emotional pictures are virtually displayed extracted from
"International Affective Picture System" (IAPS) database. The protocol includes 3 phases where 20
positives, 20 neutrals and 20 negative pictures are displayed. Positive and negative phases are
counterbalanced.

Figure 5. Screenshot of the VE of SE1
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7. Description of VE contents for shopper profile classifier
experiments
Rhumbo classification (chapter 7) and dimension (chapter 8) experiments adopt the use of a basic VE.
In the basic setup, it is possible to control for several potential confounding issues, e.g., music,
products shapes and color, presence of other avatars. The goal with a basic setup is to manipulate
only the variables of interest while keeping the remaining scenario as constant and with minimum
features as possible., though advertisements and brands of the products should be used when
applicable.
However, for future experiments, a more realistic scenario must be employed. This means that the VE
should mimic the real‐world environment as close as possible. With a complex scenario, it is possible
to test consumer behavior with higher ecological validity, and, at the same time, to validate the results
found in the basic VE.
Two experiments have been designed for the shopper profile classifiers experiments. Both try to evoke
different behavior in the buyer that allow classifying the different profiles of the classifiers based on
the variables defined in chapter 4. These variables are measured using explicit measures (scales and
questionnaires and behavioral data) and implicit measures (neurophysiological and navigation data).
The scales for the shopper classifier (chapter 7) and shopper dimension (chapter 8) experiments are
provided in an appendix section.

6.1 Experiment SC1
The VE developed is virtual Store of dimensions 6M x 6M was developed using Unity 3D game engine
(www.unity3d.com). The participant wears a Vive HMD glasses than send data wirelessly to a central
computer in the same room. The participant could move inside the virtual environment walking
naturally thanks to the special tracking zone of 6 x 6 meters implemented just at the same dimensions
of the virtual store generated.
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Figure 6. Screenshot of the VE of SC1

Three tasks are included in the protocol to be performed by the participant. In Task 1 (Free Navigation
Task), participants underwent a calibration of integrated eye‐tracking of the Vive HMD. On completion
of the calibration, they were instructed to navigate freely in the virtual store and interact with
products arbitrarily under a time limit of 4 minutes. This task represents unplanned browsing behavior
meaning that costumer does not have any specific goal for visiting the shop. In Task 2 (forced search
for snacks), they were asked to perform a forced search task in which they were instructed to purchase
some potato chips with a limited budget of 5 Euros given to them. This task was performed to
investigate gender differences in hedonic shopping behavior. In Task 3 (forced search for sneakers),
similar to the task 2, participants were instructed to purchase sneakers with a limited budget of 180
Euros. In this task, the goal was investigating the differences regarding utilitarian motives for shopping.
Here, shoppers chose a pair of sneakers from options with different colors, types, and prices. It is
worth mentioning that in Task 2 and 3, participants could purchase less than their maximum budget.
In all three tasks, participants were asked to fill two sets of virtually implemented questionnaires
before and after performing the tasks, as well as questionnaires in a computer at the end of the
experiment.
The independent variable was the type of product (high vs low involvement product). The dependent
variables were the neurophysiological and behavioral metrics obtained from the devices and
scales/questionnaires. The number and type of those variables may change according to the tools
each partner have. The scales and questionnaires used were: sociodemographic questions, VR‐related
issues, PAD (pleasure‐arousal‐dominance), hedonic and utilitarian shopping values, STAI (state‐trait
anxiety inventory), I‐8 (impulsivity), STSS (situation‐specific thinking styles), decision‐making style
(purchases and head vs heart), and BIG‐2‐S (big five inventory 2).

Products (chips) to search and buy in task 1:
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Figure 7. Screenshot of the product 1 to be search (chips) in SC1

Products (sneakers) to search and buy in task 1:

Figure 8. Screenshot of the product 2 to be search (snickers) in SC1

Position of both products in the supermarket:
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Figure 9. Cenital view of the supermarket

6.2 Experiment SC2
This second shopper classifier experiment (SC2) is meant to include other variables in the VE to obtain
a different set of implicit reactions from the shoppers.
Following the previous experiment, participants will go through a calibration process and a free
navigation task to get used with the VR equipment and the VE. After it, they will perform a series of 4
tasks.
The virtual environment will simulate a hypermarket. A hypermarket was chosen because it allows to
include sectors with different product categories besides grocery products as well as services.
However, for this experiment, the price of the items will not be shown, and there will not be
restrictions of time and budget. This is meant to simulate a different shopping experience from the
one proposed in the experiment SC1, as well as to avoid the possible effect of these variables of no
interest on the shopper behavior.
Participants will be instructed to buy two hedonic products (e.g., t‐shirt and sneaker), two utilitarian
products (e.g., USB flash drive and mouse), and one tourism service. A pre‐test is necessary to confirm
if the products are perceived as hedonic or utilitarian. Also, within the same category (hedonic or
utilitarian), the two chosen products must have similar scores.
The independent variables (IV) are assortment and type of claim. Each one will be manipulated to
produce two distinct states. For assortment, there will be a high level and a low level of assortment.
The high level will be obtained by providing a higher number of options for the same product (number
of options = X) than the low level (number of options = X/2; the actual number “X” depends on the
size of the shelves and products). For the type of claim, the manipulation will be regarding the content:
technical vs emotional. The technical claim focuses on the objective (technical) aspects of the
product/service, such as the features, for example, “64 GB of memory”, “composition: 100% cotton”.
The emotional claim focuses on the subjective (emotional) aspects of the product/service or the
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outcome, for example: “it provides you a good look”, “your friends will get impressed”. A pre‐test for
both IVs is necessary to confirm if the manipulation of the two states is successful.
The dependent variables are the neurophysiological and behavioral metrics obtained from the devices
and scales/questionnaires. The number and type of those variables may change according to the tools
each partner have. The scales and questionnaires are the ones mentioned in chapter 4.
The experiment uses a mixed design (within‐subjects, WS x between‐subjects, BS) with four groups
and five tasks per participant. The groups and conditions are presented in the following table. The
order of presentation of the tasks should be randomized across participants.
The proposed design allows each shopper to go through all the conditions and to evaluate possible
interaction effects. Although with this design, it is not possible entirely separate main effects of the
dimensions in the WS domain due to a possible product effect, it is still possible to control for the type
of product in the analysis. If necessary, a BS analysis for each product category (or individual product)
in separate can disentangle the interaction effects with the product type.
Group

Hedonic 1

Hedonic 2

Utilitarian 1

Utilitarian 2

Service

1

High + Tech

Low + Emot

High + Emot

Low + Tech

High + Emot

2

Low + Tech

High + Emot

Low + Emot

High + Tech

Low + Emot

3

High + Emot

Low + Tech

High + Tech

Low + Emot

High + Tech

4

Low + Emot

High + Tech

Low + Tech

High + Emot

Low + Tech

Table 5. Protocol of each group of subjects in SC2

Therefore, four tasks are included in the protocol to be performed by the participants. Task 1 is the
Free Navigation Task, as stated in the experiment SC1. Task 2 is the forced search and purchase of two
hedonic products. Here, participants are asked to perform a forced search task in which they are
instructed to purchase two hedonic products. They will be instructed that all the products displayed
fit in their available budget. The two products will be placed on different shelves; however, the shelves
will pertain to the same virtual environment and will be close to each other, simulating a specific sector
of the hypermarket. The IVs are manipulated according to the previous table. Task 2 aims to
investigate the differences in hedonic shopping behavior. Task 3 is the forced search for two utilitarian
products. This task is the same as task 2 in all aspects but the set of products. The third task aims to
investigate differences in utilitarian shopping behavior. Task 4 asks for the participant to purchase a
touristic service, such as a travel package. This time, each participant faces only one “product”. The
fourth task is meant to assess shopping behavior for experiential products. In all the tasks, participants
fill virtually implemented questionnaires before and after performing the tasks, as well as
questionnaires in a computer at the end of the experiment.
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8. Description of VE contents for shopper dimensions
prediction
Two experiments have been designed for the shopper dimension experiments.
The purpose of the experiments is to generate different shopper dimensions in distinct levels to
produce distinct neurophysiological reactions in the shoppers. The independent variables that
characterize the shopper sub‐dimensions (e.g., confusion) can be parametrized (e.g., high‐low
situations). The final goal is to identify in which shopping situation the shoppers are uniquely based
on their neurophysiological and behavioral reactions to the environment. Therefore, to be able to
discriminate via navigation data and neurophysiological signals of the shopper. The rationality behind,
is that depending on the shopping environment and/or situation, shoppers will engage in different
dimensions that eventually generate different shopping behavior (e.g., navigation and visualization
patterns) and neurophysiological responses.

7.1 Experiment SD1
The VE developed for this experiment is an adaptation of SC1 (6x6m2 virtual store). In this experiment,
the objective is to recognize three shopper dimensions: confusion, stress and involvement. Since we
need to be sure that the consumers are experimenting different levels of these dimensions, three
mediators are manipulated to generate two levels of each dimension (however, a pretest is suggested
for checking if the manipulation works).
1) Confusion: Manipulating store environment. High (messy layout and noisy background noise) and
low (tidy layout and quiet background noise) shopping environment.
2) Stress: Manipulating time pressure. High (low amount of time for the purchase 0.5–1 minute, to be
checked in the pretest) and low (high amount of time for the purchase – 5 minutes) time pressure. (5
minutes can be amended depending on the number of SKUs to be shown).
3) Involvement: Manipulating type of product. High (Smartphone and snickers), low (milk and chips)
and depending on the subject (pet –dog‐ food, depending on if the subject has a dog or not).
The overall procedure is as follows: six tasks are included in the protocol to be performed by the
participants. Task 1 (Free Navigation Task): participants undergo a calibration of integrated eye‐
tracking of the Vive HMD. On completion of the calibration, they were instructed to navigate freely in
the virtual store and interact with products arbitrarily under a time limit of four minutes. This task
represents unplanned browsing behavior meaning that costumer does not have any specific goal for
visiting the shop. After that, the subject needs to complete five guided‐tasks, searching and buying
one product of each type of product defined (smartphone, snickers, milk, chips and pet food). The
order of the product is counterbalanced. Moreover, in each guided task is assigned a pre‐defined level
of confusion (high/low) and stress (high/low). The instruction for the participant in each guided‐task
is the following:
“Your (first) task is to buy 1 (product) for yourself. You have (time) to make the purchase. The purchase
is completed by the moment you take the product out of the shelf/or drag into a shopping cart. “
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Figure 10. Example of a low confusion and low stress condition

Figure 11. Example of a high confusion and high stress condition

The VR environment is a shopping environment like a hypermarket with different spaces containing
each type of product. The design is based on the experiment SC1 already developed at UPV. The basic
layout of the store and product display is composed by: three shelf levels (eye, hand and lower level);
products per level: depending on the size of the products; the size and type of the shelves of each
product category are similar to avoid bias in terms of length and design.
The independent variables (IV) are the shopper sub‐dimensions: confusion, stress, and product
involvement, each one divided into two levels or categories. The dependent variables are the
neurophysiological and behavioral metrics, which may vary according to the tools each partner have.
To measure the variables stated in section 4, it will be used scales and questionnaires (as described in
section 4). Moreover, another set of scales will be used to assess the behavior related to the sub‐
dimensions that were manipulated, such as: NIP (product involvement), choice confusion, customer
anxiety (general), customer anxiety (technological), SEMS (shopping experience memory scale). Also,
some manipulation check questions need to be applied to ensure the manipulation worked for each
participant.
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The experiment uses a mixed design (within‐subjects design (WS) x between‐subjects design (BS)).
Basically, the same participant faces all the four conditions (two levels of confusion and stress) by
having one different product linked to one of the conditions and the fifth product repeating one of
them randomly. However, since there might be a difference regarding product type and/or product
category, and to avoid interaction effects, a BS analysis can be used to fixate one of the
conditions/products.

7.2 Experiment SD2
In this experiment, the objective is to recognize four shopper sub‐dimensions: enjoyment, risk
perception, focus, and tangibility. As in the experiment SD1, mediators are used to generating two
levels of each dimension, and a pretest is suggested for checking if the manipulation works.
1) Enjoyment: Manipulating interactivity with the products and store environment. High (interaction
is possible) and low (no interaction) levels of shopping enjoyment. Product: clothing like jackets or t‐
shirts (either gender‐neutral or personalized according to the gender of the shopper).
2) Risk perception: Manipulating social proof. High (products with no reviews + products with neutral
ratings + a low number of evaluations) and low (all products with reviews – mostly positive to very
positive + a high number of evaluations + written recommendations) risk perception. Product: tablets.
3) Focus (goal‐oriented): Manipulating specificity of the shopping goal. High (having a shopping list)
and low (not having a list) focus. Product: stationery products (high focus: all items specified in the
list, low focus: it is just written “scholar material”).
4) Tangibility: Manipulating virtual touching and “trying on” with the products. High (interaction and
trying on is possible) and low (no interaction) tangibility. Product: sunglasses or wristwatch (either
gender‐neutral or personalized according to the gender of the shopper).
The overall procedure is as follows: five tasks are included in the protocol to be performed by the
participant. Task 1 (Free Navigation Task) is stated in the experiment SD1. After completing it, the
subject needs to complete four guided‐tasks, searching and deciding to buy or not the product linked
to each type of dimension. The order of the tasks (sub‐dimensions) is randomized across participants.
Moreover, in each guided task is assigned only one level of each dimension. The instruction for the
participant before starting Task 2 is:
“You are going shopping for yourself. You have free time and enough budget for everything. You are
free to decide if you want to buy or not, and also how many products. The purchase is completed by
the moment you drag a product into a shopping cart. After you are done with each task, please return
to the starting point.”
After receiving the general instruction, and before each guided‐task, the participant will see a short
instruction according to the condition (s)he will face. These are the instructions:
Enjoyment:
‐ High level: “Now you are entering in the clothing section of the store to look for a jacket. You can use
the interactive tools provided by the store.”
‐ low level: “Now you are entering in the clothing section of the store to look for a jacket.”
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Risk perception:
‐ Both levels: “Now you are entering in the electronic section of the store to look for a tablet.”
Focus:
‐ High level: “Now you are entering in the stationery section of the store to look for everything from
the shopping list you received.”
‐ Low level: “Now you are entering in the stationery section of the store to look for “scholar material”.
Tangibility:
‐ High level: “Now you are entering in the accessories section of the store to look for a sunglass. You
can use the try on tool provided by the store.”
‐ Low level: “Now you are entering in the accessories section of the store to look for a sunglass.”
Note that for the experiment SD2 we are removing any influence of price sensitivity and budget.
Moreover, we are letting the subject free to choose whether (s)he wants to buy the product or not,
and how many. We decided for doing this for three reasons: (1) to be able to make a decision improves
ecological validity, (2) the manipulation of the sub‐dimensions might impact on purchase behavior
(intention to buy and impulsivity), therefore, with this design we are able to capture those variables,
and (3) the experiment SD1 already used a forced‐task and showed prices.
The VR environment is a shopping environment, like a department store with different spaces
containing each type of product. The basic layout of the store and product display is composed by:
three shelf levels (eye, hand and lower level); products per level: depending on the size of the
products; the size and type of the shelves of each product category are similar to avoid bias in terms
of length and design. The VE should present advertising banners and indication signs of the sections
of the department store as well as ads of products not related to the task (in adjacent shelves, but
visible to the shopper). The exact format of the signs and ads will be defined at the development stage
of the VE. The VE should also contain a shopping environment background sound (but not loud and
not annoying). For all the sectors and products (in sum, for the whole VE), prices will not be shown.
We opted for not showing the prices for two reasons: (1) experiment SD1 already used them, and (2)
to avoid any influence of price sensitivity and budget constrains issues.
The independent variables (IV) are the shopper sub‐dimensions: enjoyment, risk‐perception, focus,
tangibility, each one divided into two levels. The dependent variables are the neurophysiological and
behavioral metrics, which may vary according to the tools each partner have. To measure the variables
stated in chapter 4, it will be used scales and questionnaires (described in chapter 4). Moreover,
another set of scales will be used to assess the behavior related to the sub‐dimensions that were
manipulated, for example: shopping enjoyment, risk importance and risk probability, interactivity and
vividness, as a manipulation check.
The experiment uses a mixed design (within‐subjects design (WS) x between‐subjects design (BS)). In
the WS part, the participant faces the four sub‐dimensions; however, in only one level per sub‐
dimension. In the BS part, there will be two groups in order to cover the two levels of all the sub‐
dimensions. Therefore, the independent analysis of each sub‐dimension in separate will be carried out
in the BS level. We opted for this design because, contrary to the experiment SD1, here each sub‐
dimension is linked to a specific product. Hence, it is not ideal to use the same participant to perform
both the high and the low levels of each sub‐dimension, since there would be adaptation effects of
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the already seen section/product, as well as the risk of making the manipulation evident to the
participant.
The design is as follows:
Group 1

Group 2

Task 1: High level of dimension 1 (product A)

Task 1: Low level of dimension 1 (product A)

Task 2: Low level of dimension 2 (product B)

Task 2: High level of dimension 2 (product B)

Task 3: High level of dimension 3 (product C)

Task 3: Low level of dimension 3 (product C)

Task 4: Low level of dimension 4 (product D)

Task 4: High level of dimension 4 (product D)

Table 6. Protocol of each group of subjects in SD2

Here we make a pre‐definition of the manipulation of the VE to induce the two distinct levels of each
sub‐dimension. The final set of VE cues will be decided at the development stage of the VE taking into
consideration: (i) the academic literature, (ii) business applications, (iii) the technical aspects.
1) Enjoyment ‐> interaction: High (interaction is possible) and low (no interaction) levels of shopping
enjoyment. Product: clothing like jackets or t‐shirts (either gender‐neutral or personalized according
to the gender of the shopper).
INTERACTION: To show screens providing information about the product that the shopper selected.
To show interactive tools to calculate the size of the product the shopper needs according to his/her
weight and height. Make it possible to show a generic avatar wearing the product to demonstrate how
it looks like. The shopper must be able to choose whether or not to use those tools.
2) Risk perception ‐> reviews: Manipulating social proof. High (products with no reviews + products
with neutral ratings + a low number of evaluations) and low (all products with reviews – mostly
positive to very positive + a high number of evaluations + written recommendations) risk perception.
Product: tablets.
REVIEWS: below the products (like if it was the price) to show the overall rating (number of the stars)
of the products on the top and the number of evaluations on the bottom. To make it possible to “click”
on this “tag” and open a pop‐up window with some written reviews.
3) Focus (goal‐oriented) ‐> shopping list: Manipulating specificity of the shopping goal. High (having
a shopping list with items specified) and low (having a list with a general description) focus. Product:
stationery products (high focus: all items specified in the list, low focus: it is just written “scholar
material”).
SHOPPING LIST: the shopper must be able to pick up and read the shopping list every time (s)he wants.
4) Tangibility ‐> trying on: Manipulating virtual touching and “trying on” the products. High
(interaction and trying on is possible) and low (no interaction) tangibility. Product: sunglasses or
wristwatch (either gender‐neutral or personalized according to the gender of the shopper).
TRYING ON: the shopper must be able to try on all the models of the sunglasses. Maybe (s)he can
choose an avatar from a set of options and then (s)he can try the glasses on this avatar. Or it can be
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taken a picture of the shopper and use this picture for this task. In sum, the shopper should be able to
try on the product and manipulate the product (turn it, close and open…).
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9. Psychophysiological signals used for implicit measures
In the frame of the Rhumbo experimental framework, the consortium agreed to include the
monitoring of psychophysiological signals that can be monitored non‐invasively, maybe using
wearable systems. Accordingly, one or more of the following psychophysiological signals are taken
into account for further analysis: Electroencephalography (EEG), functional Near‐Infrared
Spettroscopy (fNIRS), Electrocardiogram (ECG) and Heart Rate Variability (HRV), Respiration activity,
and Galvanic Skin response (GSR). Details on the scientific rationale associated with such signals given
the shopper dimensions described above follow below. Note that a detailed description of the signal
processing methods for the chosen physiological signals will be described in D2.3 at month 30
“Biomedical signal processing and feature extraction tools, methodologies and algorithms “

8.1 Electroencephalography (EEG)
Electroencephalography (EEG) technique is a neural monitoring methodology performed through
electrodes placed over the scalp. EEG may capture electric potentials of the brain synchronized to
specific events, as well as changes in baseline neural (cortical) oscillations. The advantages of using
EEG for decision‐making research include the measure of ongoing cortical activity with a high temporal
resolution and reduced costs, maybe using wearable monitoring devices. These advantages
significantly increase the exploitability and a direct translation to the marker for studies carried out in
the frame of Rhumbo, moving also beyond the current state of the art on brain‐computer interfaces,
quantitative assessment of cortical responses to cognitive/emotional events, and decoding of
cognitive states through biomarkers derived from brain signals.

Figure 12. Exemplary EEG data acquisition using portable systems
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8.2 functional Near‐Infrared Spettroscopy (fNIRS)
Functional near‐infrared spectroscopy (fNIRS) is a non‐invasive technique that allows for measuring
changes in tissue hemodynamics (blood perfusion) and oxygenation in the human head (Pfeifer et al,
2018). Because fNIRS is sensitive to microvascular hemodynamics in the cortex, this technique has
been widely used to detect brain functional activation (Tachtsidis et al, 2013; Suzuki et al, 2008). It is
based on the relative transparency of human tissue to light in the near‐infrared region (650 ‐ 950 nm)
and the distinct absorption spectra shown by oxy‐hemoglobin and deoxy‐hemoglobin in this region
(Tak et al, 2014), thus allowing resolution of relative oxy and deoxyhemoglobin from a continuous
wave light source. Because of this, connectivity analysis can be performed to decode connectivity
patterns observed under various psychophysiological activity, such as attention. Furthermore, if fNIRS
is acquired at a sufficiently high sampling rate, the pulse wave contour propagating through the artery
can be fully resolved. This can provide further information of cardiac system behavior such as pulse
wave velocity (a parameter related to arterial blood pressure) derived from local fNIRS signal phase
difference with ECG (Ma et al, 2018). Such information can provide another dimension of
understanding autonomous nervous system behavior (Wehrwein et al, 2013).

Figure 13. Exemplary fNIRS data acquisition using wearable systems

8.3 Heart Rate Variability (HRV) and Respiration activity
Beside the central nervous system activity, the autonomic nervous system (ANS) activity especially
acting on cardiovascular control dynamics may be of great interest for the study of unconscious
physiological responses during decision‐making tasks. Particularly, The sympathetic nervous system
and the parasympathetic nervous system play a fundamental role in the cardiovascular control,
regulating emotion‐ and stress‐related changes such as blood pressure, respiration, and heart rate. In
this frame, ANS especially modulates heartbeat dynamics, resulting in a beat‐to‐beat variability series
also known as Heart‐rate variability (HRV). HRV is primarily derived from the identification of R‐waves
in the Electrocardiogram (ECG), and is also modulated by the respiratory activity through the so‐called
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Respiratory Sinus Arrythmia mechanisms. Cardiorespiratory coupling may also be associated with
different cognitive states sustaining unconscious decision‐making.

8.4 Galvanic Skin response (GSR)
GSR refers to change in the electrical properties of the skin that are directly related to the eccrine
sweat gland activity. Specifically, sweat is released to the sweat duct, passes to the stratum corneum,
and finally is brought out of the skin. Accordingly, the dynamics of the variation of concentration of
sweat in the stratum corneum can be represented by a two‐compartment pharmacokinetic model in
which the sweat concentration is assumed to change only by diffusion. The GSR is measured by
monitoring skin conductance changes on specific sites of the body where the concentration of the
eccrine glands is high, e.g., over the fingers. The GSR signal results from the sum of two components:
the slow‐varying tonic component and a faster variation directly related to an external stimulus, i.e.
the phasic component. They provide relevant and non‐redundant information about the autonomic
nervous system dynamics (in particular the sudomotor nerve activity, which is related to the
sympathetic activity).

Figure 14. EDA biosensors used for the GSR acquisition
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10. Behavioral signals used for implicit measures
9.1 Introduction
The objective of this measurement layer within RHUMBO is to validate the use of a series of behavioral
responses used as implicit measures with which it will let: 1) to be able to characterize the buyer, 2)
measure their mood and status during the experience and 3) establish the influence of certain
mediators in their behavior.
The difference between these signals from the previous section lies in the possibility of obtaining
implicit responses through the analysis of the behavior related to the action of the subject inside the
virtual environment and not through the direct measurement of physiological variables of the subject
that could or not be related to an action.
This approach that complements the above will allow to validate the use of a battery of signals that
will in most cases be easier to obtain due to its possibility of collection as a layer of embedded software
into the virtual reality glasses that will be used in phases of the project. Only in the case of voice and
eye‐tracking hardware sensors be required, but these are already implemented in the virtual reality
glasses that will be used in most cases in RHUMBO and will be implemented in majority of virtual
reality solutions they will be on the market in the next years.
Therefore, for the collection of signals such as eye‐tracking, voice, space navigation, interaction with
the environment and the subject's posture and gestures in the virtual scenario, a software library is
being developed that will be reproduced as an internal layer in the 3D UNITY engine that runs each of
the tests. This specific library will generate raw data files from which the metrics of interest will be
extracted applying several signal processing routines.

Figure 15. HBT measurement inside VR
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Figure 16. Scheme of behavioral metrics (last section on the right are metrics obtained in section 9)

9.2 General considerations
Raw data codification
All the raw data gathered from our HBT layer must be codified in their title in order to be able to share
data among different groups or moments in time.
This is a preliminary approach proposed:
Identification of the participating subject

ID_participant

Identification of the study

ID_study

Session date

DateofSession

Experimental Group or Condition

Condition_ID

Identification of the university or company in charge
of the study

Group_ID
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Table 7. Raw data codification

Minimum Frame Rate
in the case of signals such as eye tracking, to be able to extrapolate metrics such as fixations we should
consider at least a sampling rate greater than 50Hz being ideal to reach 100 Hz. This aspect will involve
several aspects to consider: 1) the computer equipment to which the VR goggles connect must have
sufficient computing power to withstand the execution of the 3D scenario and at the same time the
execution of the measuring layer and 2) this will imply that virtual reality scenarios should be limited
in complexity so as not to interfere with the minimum 50Hz required.
Pre‐training familiarization environment:
The success of such signals is that the behavior of the subject is as close as possible to reality. To do
this, a crucial aspect with which all studies should be started is the phase that we call familiarization.
At this stage the user is immersed in a very aseptic scenario that allows him to become familiar with
the way of interacting, navigating and using virtual reality.
Features extraction
Another key aspect is the extraction of relevant metrics from the signals that are obtained. In this
case, an iterative strategy should be proposed in which this type of metrics is profiled based on
knowledge of RHUMBO studies. In this case in the first studies developed at UPV for predicting genre
and age a first version of metrics has been defined.
But this list must be validated and updated continuously during the entire project. One of the
innovative aspects will be to associate these metrics with characteristic actions performed by the
subject in environments and even cross one signal with another. For example, time that passes from
when a subject performs its first fixation (eye tracking) until it picks up the product (interaction).
Establish a baseline to normalize
Another interesting point is to normalize certain responses of the subject based on a baseline that will
be set at the fair point before the test begins. This will not affect certain results by deviations on the
baseline. If a default subject already carries a usual walking speed it will be interesting to normalize
the ride speeds during the test based on these basic results.
Optimization of detection thresholds
Feature extraction is a necessary step for most of the machine learning studies. In some feature
extraction methods, one of the major problems is defining thresholds. Optimum thresholds are
required to improve the accuracy of the metrics extracted.
By example in navigation dimension there are many features related to the stops made by the subject,
such as number of stops, short stops percentage, short vs. long stops, etc. In this case, there are
thresholds such as velocity and time threshold to be defined and optimized.
Segmenting space into areas of interest
Another key point to take into consideration before to start metrics extraction, is computing the
features related to some interesting periods such as, when the shopper is inside a specific zone on the
physical space or interacting or looking at a specific area at the shelf level.
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One of the difficulties of this approach is defining these Zones of Interest (ZOI) or Areas of Interest
(AOI). For getting a series of adjusting algorithms will be developed to dynamically define the best
segmentation that doesn´t need to coincide in all the cases and hypothesis under RHUMBO.
By example, in one of the first experiments conducted by UPV the store was divided into different
zones of interest (ZOI) defined by dividing the floor plan of the VR Store. The floor plan is divided into
four ZOIs, namely Shelf, Adjacent, Near, and Far. These divisions are shown in Fig. 17 (a). Note that all
the regions with the same color are in the same ZOI. In addition to the ZOIs, the space is divided in
frontal perspective into three areas of interest (AOIs), namely Up, Middle, and Down. It is presented
in Fig. 17 (b). For better imagination each AOI consist of some cubes. As an illustration, all the spaces
in the ZOI Adjacent and AOI Up are considered in the same AOI and named as “Adjacent_Up”.

(a)

(b)

Figure 17. (a) Floor plan with the divisions as Shelf, Adjacent, Near, and Far ZOIs. All the regions with the same color are in
the same ZOI. (b) Front view of a product shelf. In this picture, different AOIs are presented.

9.3 Eye tracking
Eye‐tracking is based on calculating the position of the gaze through the analysis of the orientation of
the pupils. In our lab we will start 3 solutions. In pur case we are going to employ Eye Tracking
integrated in HMD glasses: for VR eye tracking. An indirect solution is to qualify eye tracking assuming
that the gaze corresponds to the central position of the eyes and therefore of the head. Is what we
called pseudo‐eye tracking.
The integrated Eye‐tracking system integrated into HMD glasses HTC Vive works with infrared
emitters and sensors. It has a 110 degrees field of view and lenses with a resolution of 1440 x 1600
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pixels per eye (2880 x 1600 pixels combined). The gaze data was collected at a variable sampling rate
of 60‐70 Hz using runtime software integrated into unity. From gaze raw data a dispersion algorithm
was implemented in order to extract fixations and saccades. The algorithm used for the classification
is the Dispersion‐Threshold Identification (I‐DT) (Salvucci & Goldberg, 2000) in 3D environment. The
parameters are set according the mean time fixation 225 msec. and dispersion threshold, less than 1º,
which has been set to 0.7º (Blignaut, 2009). Every duration and centroid are computed for each
fixation. After that, the rest of the metrics for Eye Tracking are computed using this information (See
next tables for more details on selected features).

Figure 18. eye tracking integrated into HTC vive glasses

METRICS

Description

Number of Fixations

Number of fixations detected by the algorithm where fixation is
the point between any two saccades, during which the eyes are
relatively stationary and virtually all visual input occurs.

Percentage of points inside a Fixatio
n

Percentage of gaze points that belong to a fixation.

Average time per Fixation

Average time considering the time of every fixation.

Median time per Fixation

Median time considering the time of every fixation.
This metric is implemented in order to see if the time distributi
on is normal or not.

Number of Saccades

Number of Saccades detected by the algorithm where a
saccade is the rapid movement between points of interest.

Mean dispersion of the saccade

Mean dispersion of taking in account all the saccades detected.

Sum of dispersion of the saccade

Sum in total of every dispersion for all the saccades. Saccade
total amplitude.

Ambient vs Focal Ratio

Relation between long saccades and short saccades. Usually,
above 4.6º is consider as a long saccade.
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Percentage of time that the subject is doing a Fixation.
This metric is related with the percentage of points considered
as fixation, but it will not give exactly the same output.

Long and Short distance between This metric gives two different outputs, the number of long and
fixations
short distance between fixations.
In order to differentiate between both classes,
a threshold must to be introduced. By defeat, the mean of the
distances will be taken.
Long and Short time saccade

This metric is very similar to Long and Short distance between
fixations. The time between fixations is measured.
It will be considered long if it is above the mean
time of this times, and short
in the other case. Also, this parameter (mean time) can be
changed by another number.

Mean time Saccade

The mean time of all the saccades.

Number of vertical and horizontal
paths

The angle between fixations is computed.
A threshold of 45º degrees (it can be also changed) will
determine if it is a vertical exploration (if it is above 45º)
or horizontal if it is less.

Total distance vertical and
horizontal

The distance in the horizontal and vertical axis is measured.

Table 8. General eye‐tracking metrics

Metrics associated to AOIs
METRICS

Description

AOI Looked

Areas of Interest looked.

Visits to an AOI

Number of Visits to an AOI.

Revisits to an AOI

Number of re visits to an AOI. It will be the number of visits
minus one.

Time to first visit

Time to first visit to an AOI.

Mean Time AOI

Mean time looking at the same AOI.

Mean Time AOI (%)

Percentage of the time spend to look at a concrete AOI. The time
spend of a concrete AOI will be divided by the total time of all the
AOI defined. It can be implemented with the division by the total
time, but the sum of this metric will not necessarily be zero.

Sequence

Position of the AOI in a temporal sequence ordered by the time
that has been looked first.
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Table 9. AOI related eye‐tracking metrics

These metrics can in addition to being visually presented numerically in different ways:



Heat maps
Sequences of fixations

9.4 Navigation
The movement of the subject’s head was recorded by using the location tracking and gyroscope
sensors of Vive Headset. This movement in 2D environment, i.e., without considering height is
referred to as Navigation raw data (See the ¡Error! No se encuentra el origen de la referencia. and 9
for more details on selected features).
METRICS

Description

Number of Visits of ZOIs

Number of times that Zones of Interest (ZOI) has been visited by
the subject.

Time of ZOIs

Time spent by the subject in each ZOI.

Average of Velocity in
ZOIs

Average velocity of travel in each ZOI

Standard Deviation of
Velocity in ZOIs

Standard deviation of velocity in each ZOI.

Average of Acceleration
in ZOIs

Average acceleration of movement in each ZOI.

Standard Deviation of
Acceleration in ZOIs

Standard deviation of acceleration in each ZOI.

Total Distance of ZOIs

Total distance that the subject travels in each ZOI.

Time of First Visit of ZOIs

Since the origin is established (usually when the test begins),
time taken by the subject to reach the first ZOI.

Total Time of Navigation

Time spent traveling the entire space.

Percentage of Short
Stops

Stops are short or long based on optimization algorithm.
Percentage of short stops is reported.

Total Distance Traveled

Total distance that the subject travels during the experiment.

Average Velocity

Average velocity of each subject during the experiment or each
task and ZOI.

Standard Deviation of
Velocity

Standard deviation of velocity in each task and ZOI.

Average of Acceleration

Average acceleration of each subject during the experiment or
each task and ZOI.
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Standard Deviation of
Acceleration

Standard deviation of acceleration in each task and ZOI.

Number of Stops

Total number of stops made in the session.

Average Duration of
Stops

Average time of stops made in the session.

Table 10. AOI related eye‐tracking metrics

Also, in this case as in eye tracking it is possible to visually represent this navigation. It can be
represented as separate lines by each subject with a different color orde mapa de calor dibujando con
mayor intensidad en las zonas por donde más se ha pasado (Marín‐Morales et al., 2018). El mapa de
calor podría ser realizado teniendo en cuenta solo las paradas. Por cada AOI se podría ver al lado las
métricas asociadas a esa AOI:

Figure 19. Heatmap of navigation patterns

9.5 Interaction
Interaction of the participant with the products will be mainly recording Hand Controller with a
similar sampling rate as the Headset (60‐70 Hz). Number of products picked, dropped and purchased
are considered as Interaction data (See next table for more details on selected features).
METRICS

Description

Number of objects picked &
dropped

Total number of objects picked and dropped in each task.

Number of objects bought

Total number of objects bought in each task (2 and 3).
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Total price

Accumulated price of the objects bought for each task.

Number of visits in ZOIs

Number of visits by hand controller in each Zone of Interest (ZOI).

Total Time

Time spent by subject’s hand in each task.

Time of ZOIs

Time spent by hand controller in each ZOI.

Average Velocity

Average velocity of hand of each subject during the experiment or
each task and ZOI.

Standard Deviation of
Velocity

Standard deviation of velocity of hand in each task and ZOI.

Average of Acceleration

Average acceleration of hand of each subject during the experiment or
each task and ZOI.

Standard Deviation of
Acceleration

Standard deviation of acceleration of hand in each ZOI.

Decision after interaction

Decision taken after the interaction (e.g. buy ‐ yes / no).

Total Distance Traveled by Total distance that the subject travels through their hands during the
hand in session and in ZOIs
experiment.
Time of First Visit of ZOIs Time taken for the subject’s hand to reach first ZOI at the beginning of
the session.
Number of stops

Total number of stops made by hand during each task.

Average duration of stops

Average duration of stops considered for each task.

Table 11. Interaction metrics

9.6 Body gestures
The raw posture data consists of the movement of the user in 3 dimensions. The position of the hand
was recorded using a Vive Controller, which was used for interaction with the products in the VR Store
(See the ¡Error! No se encuentra el origen de la referencia. and 9 for more details on selected
features).
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Figure 20. Tracking of head and hands position

In this case, and in the absence of a specific moment timeframe, all changes in the positions of the
measured joints will be saved in each case. In this way it will be possible to define later metrics of
interest (for example: shelf approach gesture, crouching posture, ...). In this first case we propose in
the next table metrics included tracking head position.
METRICS

Description

Total visiting time

Time spent traveling the entire space.

Visiting time in ZOI

Time spent in each zone of interest (ZOI).

Distance travelled

Total distance that the subject travels in a session.

Distance travelled in ZOIs

Total distance that the subject makes in each ZOI.

Number of total stops

Total number of stops made in the session.

Number of stops in ZOIs

Number of stops made in each ZOI.

Percentage of long stops
and short stops

They are considered long stops, stops of more than 10 seconds. Those
that are longer than 10 seconds are counted and those that are not
and the percentage over the total are calculated.

Number of visits

Number of times that ZOI has been visited.

Time from the beginning of
the session until the first
visit to that area

Time taken by the subject to reach first ZOI at the beginning of the
session.

Velocity of travel

Velocity at every point in time as well as ZOIs.
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Average velocity

Average velocity of each subject during the experiment or each
task and ZOI.

Acceleration of travel

Acceleration at every point in time as well as ZOIs.

Average acceleration

Average acceleration of each subject during the experiment or each
task and ZOI.

Table 12. Body gestures metrics

9.7 Voice analysis
In the case of voice analysis, there are different ways to categorize the features (Fig. 21). From the
viewpoint of their physical interpretation, we can divide them into (1) short‐term spectral features,
(2) voice source features, (3) spectro‐temporal features, (4) prosodic features and (5) high‐level
features. Short‐term spectral features, as the name suggests, are computed from short frames of
about 20‐30 milliseconds in duration. They are usually descriptors of the short‐term spectral envelope,
which is an acoustic correlate of timbre, i.e. the "color" of sound, as well as the resonance properties
of the supralaryngeal vocal tract. The voice source features, in turn, characterize the voice source
(glottal flow). Prosodic and spectro‐temporal features span over tens or hundreds of milliseconds,
including intonation and rhythm, for instance. Finally, high‐level features attempt to capture
conversation‐level characteristics of speakers, such as characteristic use of words (''uh‐huh", "you
know", "oh yeah", etc.).
In the next figure are described more in detail:
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Figure 21. A summary of features from viewpoint of their physical interpretation. The choice of features has to be based on
their dis‐ crimination, robustness, and practicality. Short‐term spectral features are the simplest, yet most discriminative;
prosodics and high‐level features have received much attention at high computational cost
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11. Experimental design with fMRI
10.1 Introduction
The economists and psychologists clearly differ in their definitions for risk. While economists
regard risk as the variance of possible monetary outcomes, psychologists defined risk as
exposure to possible loss or harm, such as alcohol and tobacco consumption (Markowitz,
1952; Trimpop, 1994, p. 5; Schonberg et al., 2011; Steinberg, 2008; Reyna & Farley, 2006).
Generally, risk‐taking behaviour can be observed across different domains, such as health
(Boyd & Zimbardo, 2006; Koritzky, Yechiam, Bukay, & Milman, 2012), food (Lusk & Coble,
2005) and investment (Grable et al., 2009). Much of previous work focused on risk‐taking
attitude across domains emphasised its predictivity in real‐life risk‐taking measures, such as
a large‐scale questionnaire administered by Dohmen et al. (2011) and a recent study by Frey
et al. (2017), yet risk‐preference captured by behavioural measures (e.g. Balloon Analogue
Risk Task) have a substantially low variance, indicating a low reliability due to each
behavioural measures’ unique design in capturing specific choice architectures. Meanwhile,
neuroscientists were able to demonstrate the underlying neural processes in risk‐taking and
reward, such as the anterior cingulate cortex (ACC), lateral orbitofrontal cortex (OFC) and
insula (Critchley, Mathias, & Dolan, 2001; Rogers et al., 1999). However, most work has
focused on monetary rewards (e.g. Tobler, O’Doherty, Dolan & Schultz, 2007) and none has
attempted to explain neural pathways of risk‐taking choices across domains. Additionally,
since risky choices are often made for others (e.g. a company CEO’s decision for his
employees), previous studies have yet compared risky decisions across domains for self and
for others. To address this issue, the primary goal of this study is to use functional magnetic
resonance imaging (fMRI) to elucidate neural processes of risky decision‐making. We will
provide an ecologically valid approach in measuring risk‐taking across domains and examine
how well it predicts real‐life risk‐taking measures. Specifically, we asked whether individuals
demonstrate similar reward pattern when risky choices are made in food, cognitive and
monetary domains? Do people make different risky choices across domains? How well can
these neural activities across domains predict real‐life risk‐taking behaviours?

10.2 Experiment FM1
Aim of the study

The primary aim of the present study is to clarify how individual difference in risk preference
across domains is determined by the brain activities. It will additionally demonstrate risk
preference as a social decision‐making concept across domains. Based on the aforementioned
literature, the present study will investigate (a) the role of DMPFC, lateral OFC, and VMPFC in
risk‐taking tasks (Tobler et al., 2007; Xue et al., 2008) across the food domain, monetary
domain and cognitive effort domain, (b) brain regions involved with self‐other decision‐
making, namely the right anterior amygdala, the left DMPFC and rTPJ (Jung et al., 2013; Zhang
et al., 2019), and (c) how well the fMRI experiments predict real‐life risk‐taking measures
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(frequency measure), such as predicting whether the riskiness in the food domain is
associated with the willingness to enter a sports tournament.
fMRI study

Figure 22. Basic structure of the fMRI study design includes (A) a four‐hour fast before the onset of the experiment (B)
practice sessions before the experiment begins. Participants will practice all three risky choice tasks. Additionally, they will
perform BDM auction task to incentivise for both the N‐back (cognitive effort) task and food choice task. (C) risk‐taking
tasks in food, cognitive effort and money during fMRI scan. (D) subjects will receive their food choice prize, re‐do the N‐back
experience (if applicable) and receive the final fee of the money task. (E) subjects will complete both frequency and
propensity measures.

We are planning to setup an fMRI study to examine the neural processes underlying risk‐
taking behaviour across food, cognitive effort and monetary domains (See Figure 22. for the
experimental design chart). We will also examine how these risky choices differ under social
decisions (self vs. other). We intend to recruit 20 healthy subjects (10 males, 10 females) of
normal weight and corrected vision, age above 18. Before the fMRI task, participants will first
perform practice trials and exert incentive mechanism for both the food choice task and N‐
back task. For the food choice task, subjects will be presented with the food items from Linder
et al. (2010), to which the organic food labels will be removed. In addition to their
participation fee, each subject will receive €4 endowment to which they will spend on
purchasing the food. The WTP follows the bidding process based on a Becker‐DeGroot‐
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Marschak auction (BDM auction, Becker et al., 1964). For the cognitive effort domain, subjects
will gain the N‐back experience though the practice session, they will then bid according to
“how much you are willing to pay to avoid x amount of N‐back?”. Each of them will receive
€4 endowment fee to bid for N‐back task. Finally, subjects will complete their practice session
by gaining experience in monetary risk task.

Figure 23. The risky choice tasks across three domains. Participants will choose between a risky and non‐risky option in all
money, food and effort domains. Their final choice will be highlighted with a green frame. Following their choices,
participants will see the payoff feedback will be shown afterwards.

This study will employ a 2 (self vs. other) x 3 (food, cognitive effort, money) within‐subjects
design. In the fMRI tasks, subjects will choose between a certain option and a gamble of 50%
probabilities each in the food, cognitive effort (N‐back task) and monetary domains (see
Figure 23). We will only compare the “gain” trials between domains, rather than comparing
“gains” and “losses”. After participants’ choice, their payoff feedback will be provided. After
the fMRI experiment, they will proceed to their final prizes and questionnaires, which will be
elaborated in the next section.
Measures

Three types of measures will be used in this study – behavioural measure, frequency measure
and propensity measure. Behavioural measure consists of the three risky choice tasks.
Additionally, BDM auction (Becker et al., 1964) will be used before fMRI screening. Frequency
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measure consists of health‐related behaviour survey (Anderson & Mellor, 2008). Propensity
measure includes the German Socio‐Economic Panel (SOEP, see Wagner, Burkhauser, &
Behringer, 1993 for descriptions), domain‐specific inventory (DOS‐PERT, Weber et al., 2002)
and sensation‐seeking scale (SSS‐V, Zukerman, 2007). Finally, we will include the Big Five
Inventory (BFI; John & Srivastava, 1999) as an additional measure, as previous studies suggest,
risk tendencies are linked to personality traits (Mishra & Lalumière, 2011; Frey et al., 2017).
The Becker‐DeGroot‐Marschak (BDM)
The BDM mechanism is an economic incentive that reveal decision‐makers’ subjective value.
In simple terms, providing a decision‐maker’s selling price of an item (b), he is presented with
a drawn price (d), should b ≥ d, the decision‐maker then successfully sells the item for this
drawn price. If b < d, which means that the decision‐maker’s selling price is lower than the
drawn price, then the decision‐maker does not purchase the item and gets to keep the
money. Therefore, the optimal strategy for a decision‐maker is to announce his true monetary
value of the item.
N‐back Paradigm
The n‐back is a paradigm used to assess working memory function in research settings. It is
widely used in functional neuroimaging research. During the n‐back series, sequential
stimuli are presented individually. The examinee holds each stimulus in short‐term memory,
while new stimuli are presented. For each new item presented, the examinee’s task is to
decide if it is the same as the stimulus presented “ n” items before. For example, during a
2‐back task (i.e., n = 2), the response would be “yes” if the stimulus currently presented
matches the stimulus presented two earlier. Examinees usually respond with a button press
on a computer keyboard or a response box connected to a computer that presents the
paradigm. The most common levels of “ n” are 1‐back, 2‐back, and 3‐back, with a 0‐back
control task frequently used for baseline performance in functional neuroimaging
experiments
Health‐related behaviour survey
In Anderson and Mellor’s (2008) study, they defined a survey that measures several risky
health‐related behaviours, including cigarette smoking (1 = “everyday”, 0 = “never”), heavy
episodic drinking (1 = “average ≥ 4 drinks per day” for male subjects, “average ≥ 5 drinks” for
female subjects, 0 = “otherwise”), overweight/obese (1 = “BMI ≥ 25”, 0 = “otherwise”), seat
belt non‐use (1 = “never wears seat belt”, “some of the time”, “most of the time”; 0 =
“always”, “almost always”) and driving over the speed limit (1 = “always”, “almost always”, 0
= “most”, “some of the time, never”). We find these health‐related factors relevant to risk
preference, as suggested with the authors’ findings.
German Socio‐Economic Panel (SOEP)
SOEP is a multidisciplinary panel study that covers a variety disciplines in social and
behavioural sciences, such as economics, sociology, psychology, econometric and applied
statistics, educational science, political science, public health, demographic and geographical
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measure, as well as sport science. SOEP was jointly developed by a board of editors chosen
by the DIW Berlin. Its power and internal validity has been systematically improved by
changing the questions asked and methods of data collection. The strength of this survey
includes developing an ‘all‐purpose’ study, with the focus of well‐being over the life course.
We will use this survey as it not only covers a wide range of questions from different
disciplines, but it also provides the propensity measure we need for this study. We are
particularly interested in using the socioeconomic panel, with the subscales of general risk
taking, financial risk, health risk, recreational risk, occupational risk, social risk and driving risk.
Domain‐specific inventory (DOS‐PERT)
DOS‐PERT was developed by Weber et al. (2002), the survey consists of 101 items in five
domains of risk: financial, health/safety, recreational, ethics, and social. Accordingly, the
financial domain has 21 items, health domain has 20 items, and there are 17, 19, and 24 items
for recreational, ethics, and social risky behaviours. An example item shows “Driving home
after you had three drinks in the last two hours” from the health/safety domain, “Cheating
on an exam” from the ethical domain and “Speaking your mind about an unpopular issue at
a social occasion” from the social domain. Participants repond by indicating their likelihood
of engaging in risky activities on a five‐point rating scale (1 = “extremely unlikely”, 5 =
“extremely likely”). Items are not presented by subscales, but rather in a random order. In
terms of reliability, the ethics domain is the most reliable, yet the social domain is the least
reliable.
Sensation‐seeking scale (SSS‐V)
SSS was developed by Zuckerman (2007), it consists of 40 forced choice questions to
determine individual differences in varied levels of sensations. An example questions follow
“I would like to learn to fly an airplane” and “I would like to try parachute jumping”. The
scoring system of the SSS‐V is by summing all items, but it can also be split into four 10‐item
subscales, including thill and adventure seeking (TAS), experience seeking (ES), disinhibition
(Dis) and boredom susceptibility (BS). The SSS‐V has been shown reliable and internally valid
(Gray & Wilson, 2007), however, they removed 19 items and changed the forced choice items
to Liker‐scale to maximise the reliability and validity of the scale.
The Big Five Inventory (BFI)
BFI was recreated from John and Srivastava (1999) from the Five‐Factor Model (Goldberg,
1993). This inventory has a total of 44 items in which it covers five of the personality
dimensions: Extroversion vs. introversion, agreeableness vs. antagonism, conscientiousness
vs. lack of direction, neuroticism vs. emotional stability and openness vs. closedness to
experience. Scoring system of the BFI is the sum of each subscale, which can be represented
by E (Extroversion), A (Agreeableness), C (Conscientiousness), N (Neuroticism) and O
(Openness).
Hypotheses of the fMRI study

H1: The same individual will have a consistent risk‐aversion tendency across domains.
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H2: At the level of behaviour, risk‐taking tendencies would correlate with propensity and
frequency measures across individuals.
H3: Increased activities in the lateral part of orbitofrontal cortex will be observed when
individuals make risk‐averse choices in the three risk domains (food, money, effort).
H4: Activities in the right anterior amygdala, the left DMPFC and rTPJ will be observed when
individuals make decisions for others.
fMRI study procedure

Figure 24. fMRI study flow

The fMRI study will take approximately 1 hour and 25 minutes (see Fig. 24). Subjects will
follow the procedure in the below:
1. The subject will be informed on a written paper regarding the course of the entire
experiment and will need to sign the information sheet, as well as the declaration of
consent form. Due to the risks of fMRI, subjects will read through safety guidelines for
fMRI experiments (Duration: approx. 5 minutes).
2. A detailed written instruction of the experiment will be presented to the subject. If
the subject had any questions, they can be asked immediately after reading the
instructions (Duration: approx. 5 minutes).
3. The subject will undergo a practice and WTP before starting the actual experiment
(Duration: approx. 10 minutes).
4. The subject will begin the fMRI task and structural scans (Duration: approx. 45
minutes).
5. Post‐screening questionnaires and prize (Duration: approx. 15 minutes).
6. Personal debriefing and payment (Duration: approx. 5 minutes).
fMRI planned data collection

A period of 3 months is estimated for the execution of all experiments. Experiments are
planned to be executed between May to July 2020.
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12. Experimental platform description
11.1 General description
The platform must generate a common framework to establish be able to launch and readapt several
kinds of studies in the different dimensions of the project.
In general, the platform must be developed in a multiple layer architecture with several modules that
can be employed during experiments:





VIRTUAL ENVIRONMENTS: this will simulate store conditions in order to evaluate shopper
dimensions, shopper profiles and the effect of cues on purchase decision.
USER INTERFACES: this layer include all the systems that let the user to interact in a
naturalistic way to the virtual store.
IMPLICIT DATA LAYER: several modules will let to gather behavioral and implicit responses of
subjects under experiments.
DATA ANALYSYS LAYER: all the data gathered must be processed in order to extract metrics
that will be interpreted and analyzed mathematically.

11.2 Virtual environments
The platform runs on Windows OS on a computer connected to HTC Vive through the SteamVR
software by Valve, which is used to project the simulation from the computer to the Headset.
Room Preparation
Room size will be dependent of the setup configuration on each lab. In studies on UPV actual size of
the room is 6M x 12M but usable for the first study was 6M x 6M to match the room scale of virtual
environment (Virtual Shopping Mall).
Room has minimum distractors and is covered with black walls and floor for the possible use of Opti
track to track motion of the subject.
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Figure 25 Room Scale in UPV for conducting experiments in Virtual Reality.

Virtual Environment development
The virtual environment is created in Unity3D software using C#/Javascript, models of objects like
shelves, bottles, etc are created in Blender3D and then imported in Unity. An executable file is created
in Unity to start the simulation where the information from the simulation is stored in txt files.
The Virtual Store for gender studies consists of 7 Shelves of different sizes in a virtual simulation of
6M x 6M. Each shelf consists of 3 sections, upper‐middle‐bottom. These shelves contain different
virtual products like milk, juice, chips, shoes, etc. The starting point is set as a blue circle on the ground.
The integration of questionnaire was done inside virtual simulation to produce a smooth experiment
experience.
Architecture
Here is an scheme of a classical architecture employed in UPV to run experiments
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Figure 26. Hardware achitecture

Software for execution of simulation as well as software used for recording of data are running on
Computer 1 and it receives all the input from HTC Vive Pro. There are 4 HTC Vive Base Stations at the
corner of the room which creates the room scale (6M x 6M) and help in the recording the location
data of HTC Vive Headset and Controllers. Computer 2 is used by the investigator to access the
simulation. Computer 1, Computer 2, HTC Vive Pro Headset and Controllers are connected wirelessly
to facilitate movement of the subject in the physical environment without obstacles.

11.3 Natural user interfaces
One of the biggest key challenges of this project is to recreate as more naturalistic as possible the
shopping conditions.
Navigation
We employ optical controllers (live stations from HTC or Optitrack solutions in UPV) to gather natural
movement of the subject inside virtual store. But in some cases like fMRI experiments or experiments
with bigger virtual shops than physical tracking space the use of joystick must be necessary.
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Figure 27. kit for VR experiments in RHUMBO (UPV facilities)

Sensory stimulation
Beside visual presentation of environment other sensorics technologies must be employed to recreate
real conditions.






Olfactory stimulation
Vibration
Heat and cold feeling
Spatial audio 3D
Tactile stimulation

Figure 28. feel real multisensory mask
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Interaction with elements inside stores
The movement of hand must be recorded tracking wireless controllers that user hold in their hands.
In this project new haptic devices like smart gloves will be tested in order to study improvement of
this tactile feeling.

Figure 29. Hand tracker for interaction

11.4 Implicit data layer
Mainly implicit responses obtained were divided in
o

o

o

Psychophysiological (refer to section 9): this could include measures less invasive as
HRV, GSR, medium invasive as EEG and FNIRS and high invasive as fMRI. To collect this
info data must be gathered from third party software that must be synchronized with
virtual environments though software or hardware triggers.
Behavioral (refer to section 10): this data is gathered with an integrated software
library on the unity projects that helps to gather this information from HMD glasses.
The eye tracking data is recorded using SRanipal software by HTC PRO EYE glasses.
Explicit responses: this group collects all the answers that the subject offers explicitly
with questionnaires and interviews before, during and after the experimental phase.
It´s recommended employ digital platforms like survey monkey to register these data.
Several questionnaires are included in the virtual simulation to produce a seamless
recording experience. All the data are recorded in .txt files through the integration of
all software.
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Figure 30 Interaction with virtual objects‐ (a) Physical view (b) Virtual view (c) Questionnaire in VR

11.5 Data analysis layer
Analysis could be done on python using several libraries like: numpy, pandas, sklearn, matplotlib,
bokeh, scipy, mlxtend, etc.
The raw data contained some noises and differences from the real environment, so pre‐processed is
needed the data to remove such artefacts. scalable libraries must be developed which process the
raw data into meaningful features, these libraries mainly include (example of behavioural data analysis
layer from UPV):


Eye‐tracking: Converts the raw data for eye tracking recorded from the eye tracking hardware
of HTC Vive Headset into more meaningful features like saccades, fixations, etc.



Navigation: Converts the raw movement data from the VR Headset in two dimensions
simulation into features to be selected for classification.



Posture: It processed raw data from VR Headset and Controllers to produce similar features
like Navigation but in three dimensions.
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Interaction: It extracted the data regarding the picking up, dropping, purchasing, etc. of the
products.

Not all the features are necessary in order to define final models, so feature selection algorithms will
be applied to reduce the feature dimension. Moreover, a set of machine learning methods will be
employed to create the best model based on classification or prediction. Finally, the model will be
evaluated using cross validation algorithms.

Specifications of hardware and Software employed as an example in first study of gender prediction
in UPV
Headset
VIVE Pro Eye Headset
Screen: Dual OLED 3.5" diagonal
Resolution:
1440 x 1600 pixels per eye (2880 x 1600 pixels combined)
Refresh rate: 90 Hz
Field of view: 110 degrees
Audio: Hi‐Res‐certified headset Hi‐Res‐certificate headphone (removable)
headphone support Enhanced headphone ergonomics

High‐impedance

Wireless Vive Adapter Specs
Dimensions
7.87 x 3.81 x 1.59 inches (200 x 96.65 x 40.43mm)
Weight Adapter: 125gBattery: 230g
Battery Life
Up to 2.5 hours
Common Interfaces for Vive: HDMI, USB, DC
For Vive Pro: Proprietary single port
For battery: USB

Eye‐tracking
VR Eye Tracking Headset.
HTC Vive Pro Eye.
Gaze data output frequency (binocular) 120Hz.
0.5°–1.1°
Calibration. 5‐point.
Trackable field of view. 110°
Interface. HTC SRanipal SDK.

VR and Eye‐tracking software

SteamVR Version: 1.9.16 (1576990468)
SteamVR Date: 2019-12-22
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HTC Vive SRanipal 1.1.2.0
Development software
Unity3D Version 2018.2.21f1
Microsoft Visual Studio Community 2017 v15.9.5
Modelling software
Blender3D v2.79 ‐> https://www.blender.org/
Computer for recording data
Intel Core i7‐7700 CPU 3.60GHz
16 GB RAM
SO: Windows 10 Pro version 1909
Steam AppID: 250820
Display Mode: Extended Display
DevicePrimary: Yes
DeviceRect: 1920x1080 @ (0, 0)
DeviceString: NVIDIA GeForce GTX 1070 @ 8192 RAM GDDR5
Computer for analysis of data
Intel Core i7‐9750H CPU @ 2.60GHz (12 CPUs), ~2.6GHz
16 GB RAM
SO: Windows 10 Pro version 1909
Display Mode: Extended Display
DevicePrimary: Yes
DeviceRect: 1920x1080 @ (0, 0)
DeviceString: NVIDIA GeForce GTX 1650 with Max‐Q Design @ 3962 RAM GDDR5
Analysis Software
Python v2.3.7
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Appendix I: Scales
This appendix presents an overview of the questions and scales mentioned in sections 4, 5, 6, and 7.
Each scale label (e.g., Scale 1) in the table is linked to the scale inventory.
Note: scoring systems and extra relevant information (i.e., which labels to use, which question
format to use, whether to reverse scores or not, which dimension to use, how to proceed with
adaptations, if necessary) will be provided to the partners in a separate document not reported in
this deliverable. Moreover, which scales will be used in each experiment, as well as how to adapt
them to the purpose of the experiment will be defined during the planning/development phases.

To be used in the shopper classifier (section 6) and shopper dimension (section 7) experiments:
Sociodemographic and Geographic Variables
Age
Gender
Educational Level
Income (net income per month)

Household Size
(How many members live with you?)
Marital Status
Type of Family
Occupation
Zip Code
Country of Origin
Psychographic
variables
Personality
Scale 1

Need for
Human
Interaction
Scale 2

All rights reserved ©

Questionnaires
____ (subject numerical entry)
Male; Female
High School; Graduate (bachelor or technical
course); Post Graduate (master or PhD)
Less than 1500€; 1501‐2500€: 2501‐4000€;
>4000€ (can be adjusted according to the
country status)
____ (subject numerical entry)
Married or joint relationship; Unmarried
Nuclear; Joint
Student; Employed; Unemployed; Retired
____ (subject string entry)
____ (subject string entry or to provide a list)

Scale

What is measured?

How is it measured?

1. BFI‐2
2. BFI‐2‐S
3. BF SS

5 domains (Openness,
Conscientiousness,
Extraversion, Agreeableness,
Neuroticism) + facets (only long
version)

Dabholkar
(1996)

The degree that a consumer
feels the need to interact with
humans

1. 60‐item
2. 30‐item (short version)
5‐point scale (1= Disagree
strongly to 5= Agree Strongly)
3. 10‐item, 7‐point
(1 ‐ strongly disagree,
7 ‐ strongly agree)
4‐item scale
7‐point Likert‐type scale
(1 ‐ strongly disagree,
7 ‐ strongly agree).
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Self‐service
technologies
Self‐efficacy

Van
Beuningen et
al. (2009)

The degree that a person feel
confident performing a task
without help

Scale 3
Self‐oriented
Values

6‐items
7‐point Likert‐type scale
(1 ‐strongly disagree,
7 ‐strongly agree).

List of Values

internal individual values;
external dimension values;
the internal interpersonal
values factor
Measurement of the hedonic
and utilitarian dimensions of
consumer attitude

Scoring can be done with
different methods

Value Motivation
Role Motivation
Adventure Motivation
Social Motivation
Gratification Motivation
Idea Motivation
Independence,
interdependence, power, social
inequality, risk aversion,
ambiguity intolerance,
masculinity, gender equality,
tradition, prudence, consumer
innovativeness, and consumer
ethnocentrism
Tendency to seek sensory
stimulation in product purchase

38‐item (unequal distributed
across the dimensions)
7‐point scoring (1 = strongly
disagree to 7 = strongly
agree)

Scale 4
Attitudes
Scale 5

Motivations
Scale 6

Personal
Cultural
Orientation

Voss,
Spangenberg,
and
Grohmann
(2003)
Arnold and
Reynold
(2003)

Hofstede and
Sharma
(2010)

Scale 7

Experience
Scale 8

Decision Style
Motivation‐
Opportunity‐
Ability
Scale 9

All rights reserved ©

Exploratory
Acquisition
of Products

Scale
1. Repatronage
Intentions,
Desire to Learn
More
2. Ad Message
Involvement
(Processing
Effort)
3. Cognitive
Resource
Demands

What is measured?
1. Motivation to visit and
learn about a store
2. Proxy of opportunity to
process information
3. Ability to process
information

10‐item (5 hedonic and 5
utilitarian)
7‐point scales

72‐item (some excluded
posteriori – 6 or 4 per
dimension)
7‐point scoring (1 = strongly
disagree to 7 = strongly
agree)

10‐item scale
5‐point scoring from strongly
disagree to strongly agree

How is it measured?
1. 6‐item (3+3), 7‐point scoring
(1 = completely disagree to 7 =
completely agree)
2. 4‐item, 7‐point scoring (1 =
not at all to 7 = a lot)
3. 5‐item, 7‐point scoring
(from one extreme to another
one)
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Central and
peripheral
processing
Scale 10
Involvement
Scale 11
Engagement
Scale 12

Time
Consciousness

1. Involvement
in the Task
Analytic/Holistic
2. Thinking
Scale: AHS
(Factor 4)
Revised
Personal
Involvement
Inventory
Consumer
Brand
Engagement

Scale 13

Time
Consciousness
(generic)

Impulsiveness

Impulsiveness

Scale 14
Loyalty

Loyalty

Scale 15

1. Processing effort (taks)
2. Locus of attention
(generic)
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1. 4‐item, 7‐point scale (very
low (1) to very high (7)
2. 6‐item, 7‐point Likert‐type
scale (1 = strongly disagree
and 7 = strongly agree)

Measure involvement with
a specific element to be
defined

10‐item
7‐point scoring (from one
extreme to another one)

Cognitive processing (3
items), affective (4 items),
and activation (3 items)

7‐items
7‐points point Likert scales
anchored
in ‘strongly disagree’ (1)
through to ‘strongly agree’ (7).
9‐item
7‐point Likert‐type

The degree to which a
person is concerned about
time and engages in
behaviours to manage its
efficient usage.
Cognitive aspects and
Affective aspects of impulse
buying tendency
Consumer loyalty towards a
product and store

20‐items
7‐point scale
(agree disagree responses)
2‐single items
(i) 5‐point Likert scale from
1 = very seldom to 5 = very
often;
(ii) a 7‐point Likert scale from
1 = never to 7 = always

To be used as manipulation checking:
Sub‐
dimension
Confusion

Scale

What is measured?

How is it measured?

Confusion

Confusion in a decision

Stress

Consumer Anxiety (general)

New
Involvement
Profile

Measuring involvement that
includes five facets: relevance,
pleasure, sign, risk importance,
and risk probability.
The degree to which a person
believes that shopping at a

3‐item
9‐point Likert scale
(1 = not at all to 9 = very much)
8‐Item
7‐point Likert scale
(1 = not at all to 7 = a great
Extent)
15‐item
Items are scored on a 7‐point
basis from 1 = Strongly disagree
to 7 = Strongly agree
3‐item

Scale 16
Stress
Scale 17
Product
Involvement
Scale 18
Enjoyment
Scale 19
All rights reserved ©

Shopping
Enjoyment
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certain website is likeable and
absorbing.
Risk
Perception
Scale 20
Focus
Scale 21
Tangibility
Scale 22

New
Involvement
Profile

Risk importance and
probability facet

Attention to
the website

Degree of focus on the task of
browsing a website

Local
Presence

The sense that the product is
real and not virtual
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7‐point Likert (from 1 =
Strongly disagree to 7 =
Strongly agree)
6‐item
Items are scored on a 7‐point
basis.(from 1 = Strongly
disagree to 7 = Strongly agree)
3‐items
7‐point Likert‐type from 1 =
Strongly disagree to 7 =
Strongly agree
4‐item
7‐point scale from 1 (= Strongly
disagree) to 7 (= Strongly
agree)

Extra scales used in the shopper classifier experiment 1 (SC1 – section 6) not stated in the previous
tables:
Variable
Emotion

Scale
PAD (short
version)

What is measured?
Pleasure, dominance, and
arousal

Hedonic and
Utilitarian
Shopping values

Hedonic and utilitarian
value of the shopping
experience

Scale 25

STAI (State‐Trait
Anxiety
Inventory) –
short version

Anxiety as a trait and as a
state

Impulsivity

I‐8

Impulsive behavior in 4
dimensions: urgency,
intention, endurance, and
risk‐taking
Thinking style for a specific
situation in 2 dimensions:
rational and experiential
Decision‐making style
related to:
1. the purchase
2. the decision process

Scale 23

Shopping
values
Scale 24
Anxiety

Scale 26
Thinking Styles
Scale 27
Decision‐
Making Style
Scale 28
All rights reserved ©

STSS ‐ Situation‐
Specific
Thinking Styles
1. Purchases
2. Head Vs.
Heart

How is it measured?
Original: 18‐item (6 per
dimension)
Short version: 12‐item (4 per
dimension)
9‐point scale (‐4 to +4)
15‐item (11 hedonic, 4
utilitarian)
5‐point scale (1= completely
disagree to 5= completely
agree)
Original: 40‐item (20 per
dimension)
Short version: 8 item (4 per
dimension)
4‐point scale (state: 0= nothing
to 3= very much; trait: 0= never
to 3 = almost always)
8‐item (2 per dimension)
5‐point scale (1 = does not
apply to 5 = fully agrees)
20‐item (10 per dimension)
5‐point scale (1 = completely
false to 5= completely true)
1. 3‐item, 7‐point scale (1 =
strongly disagree to 5 =
strongly agree)
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2. 5‐item, 7‐points (from one
extreme to another one)

SCALES INVENTORY

Scale 1
Personality – BFI‐2
Soto, C. J., & John, O. P. (2017). The next Big Five Inventory (BFI-2): Developing and assessing a
hierarchical model with 15 facets to enhance bandwidth, fidelity, and predictive power. Journal of
Personality and Social Psychology, 113(1), 117.

I am someone who . . .
1. Is outgoing, sociable
2. Is compassionate, has a soft heart
3. Tends to be disorganized
4. Is relaxed, handles stress well
5. Has few artistic interests
6. Has an assertive personality
7. Is respectful, treats others with respect
8. Tends to be lazy
9. Stays optimistic after experiencing a setback
10. Is curious about many different things
11. Rarely feels excited or eager
12. Tends to find fault with others
13. Is dependable, steady
14. Is moody, has up and down mood swings
15. Is inventive, finds clever ways to do things
16. Tends to be quiet
17. Feels little sympathy for others
18. Is systematic, likes to keep things in order
19. Can be tense
20. Is fascinated by art, music, or literature
All rights reserved ©

21. Is dominant, acts as a leader
22. Starts arguments with others
23. Has difficulty getting started on tasks
24. Feels secure, comfortable with self
25. Avoids intellectual, philosophical discussions
26. Is less active than other people
27. Has a forgiving nature
28. Can be somewhat careless
29. Is emotionally stable, not easily upset
30. Has little creativity
31. Is sometimes shy, introverted
32. Is helpful and unselfish with others
33. Keeps things neat and tidy
34. Worries a lot
35. Values art and beauty
36. Finds it hard to influence people
37. Is sometimes rude to others
38. Is efficient, gets things done
39. Often feels sad
40. Is complex, a deep thinker
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42. Is suspicious of others’ intentions
43. Is reliable, can always be counted on
44. Keeps their emotions under control
45. Has difficulty imagining things
46. Is talkative
47. Can be cold and uncaring
48. Leaves a mess, doesn’t clean up
49. Rarely feels anxious or afraid
50. Thinks poetry and plays are boring
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51. Prefers to have others take charge
52. Is polite, courteous to others
53. Is persistent, works until the task is finished
54. Tends to feel depressed, blue
55. Has little interest in abstract Ideas
56. Shows a lot of Enthusiasm
57. Assumes the best about people
58. Sometimes behaves irresponsibly
59. Is temperamental, gets emotional easily
60. Is original, comes up with new Ideas

Personality – BFI‐2‐S
Soto, C. J., & John, O. P. (2017). Short and extra‐short forms of the Big Five Inventory–2: The BFI‐2‐S
and BFI‐2‐XS. Journal of Research in Personality, 68, 69‐81.
1. Tends to be quiet.
2. Is compassionate, has a soft heart.
3. Tends to be disorganized.
4. Worries a lot.
5. Is fascinated by art, music, or literature.
6. Is dominant, acts as a leader.
7. Is sometimes rude to others.
8. Has difficulty getting started on tasks.
9. Tends to feel depressed, blue.
10. Has little interest in abstract ideas.
11. Is full of energy.
12. Assumes the best about people.
13. Is reliable, can always be counted on.
14. Is emotionally stable, not easily upset.
15. Is original, comes up with new ideas.

16. Is outgoing, sociable.
17. Can be cold and uncaring.
18. Keeps things neat and tidy.
19. Is relaxed, handles stress well.
20. Has few artistic interests.
21. Prefers to have others take charge.
22. Is respectful, treats others with respect.
23. Is persistent, works until the task is finished.
24. Feels secure, comfortable with self.
25. Is complex, a deep thinker.
26. Is less active than other people.
27. Tends to find fault with others.
28. Can be somewhat careless.
29. Is temperamental, gets emotional easily.
30. Has little creativity.

Personality – BF SS
Gosling, S. D., Rentfrow, P. J., & Swann Jr, W. B. (2003). A very brief measure of the Big‐Five
personality domains. Journal of Research in Personality, 37(6), 504‐528.
I see myself as:
1. Extraverted, enthusiastic.
2. Critical, quarrelsome.
3. Dependable, self‐disciplined.
4. Anxious, easily upset.
5. Open to new experiences, complex.
6. Reserved, quiet.
7. Sympathetic, warm.
8. Disorganized, careless.
9. Calm, emotionally stable.
10. Conventional, uncreative.

All rights reserved ©
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Scale 2
Need for Human Interaction
Dabholkar, P. A. (1996). Consumer evaluations of new technology‐based self‐service options: an
investigation of alternative models of service quality. International Journal of Research in
Marketing, 13(1), 29‐51.
1. Human contact in providing services makes the process enjoyable for the consumer.
2. I like interacting with the person who provides the service.
3. Personal attention by the service employee is not very important to me.
4. It bothers me to use a machine when I could talk to a person instead.

Scale 3
Self‐service technologies Self‐efficacy
Van Beuningen, J., De Ruyter, K., Wetzels, M., & Streukens, S. (2009). Customer self‐efficacy in
technology‐based self‐service: assessing between‐and within‐person differences. Journal of Service
Research, 11(4), 407‐428.
1. I believe that purchasing stocks via ABC Investment is a task on which I can perform well.
2. I believe it is possible for me to use ABC Investment at the level I would like.
3. I can master trading stocks via ABC Investment.
4. I believe I can trade stocks via ABC Investment as well as I would like.
5. I am certain I can trade stocks via ABC Investment well.
6. I think my performance in trading stocks via ABC Investment is optimal.
Scale 4
Self‐oriented Values
Kahle, L. R. (Ed.). (1983). Social values and social change: Adaptation to life in America (p. 237). New
York: Praeger.
1.Sense of belonging
2. Excitement
3. Warm relationships with others
4. Self‐fulfilment
5. Being well respected
6. Fun and enjoyment of life 7. Security
8. Self‐respect
9. A sense of accomplishment

Scale 5
Attitudes
Voss, K. E., Spangenberg, E. R., & Grohmann, B. (2003). Measuring the hedonic and utilitarian
dimensions of consumer attitude. Journal of Marketing Research, 40(3), 310‐320.
Utilitarian
1. Effective/ineffective
2. Helpful/unhelpful
All rights reserved ©

3. Functional/not functional
4. Necessary/unnecessary
5. Practical/impractical
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6. Not fun/fun
7. Dull/exciting

Version:

1.0.

Date:

30.04.2020

Type:

R

8. Not delightful/delightful
9. Not thrilling/thrilling
10. Enjoyable/unenjoyable

Scale 6
Motivations
Ono, A., Nakamura, A., Okuno, A., & Sumikawa, M. (2012). Consumer motivations in browsing online
stores with mobile devices. International Journal of Electronic Commerce, 16(4), 153‐178.
Value motivation
1. I enjoy looking for discounts.
2. I enjoy looking for bargain goods.
3. I enjoy looking for low‐priced products.
4. I enjoy finding the best product for my
money.
5. I enjoy comparing goods to find the best
product for my money.
6. I like looking around the store for sales.
7. I like looking around the store to find
discounts.
Role motivation
8. I like shopping for others to make them feel
good.
9. I like shopping for others because when they
feel good I feel good.
10. I enjoy shopping for my friends and family.
11. I enjoy shopping around to find the perfect
gift for someone.
12. I feel good to find the perfect gift for
someone.
13. I go shopping as a way to fulfill my
responsibility to my family.
14. I am glad to go shopping as a way to fulfill
my responsibility to my family.
Adventure motivation
15. I feel myself compelled to find products in
the store. 16. I get stimuli from shopping.
17. I lose my sense of time while shopping. 18. I
think shopping is an adventure.
19. I feel like I am in my own universe while
shopping.
20. I feel a sense of adventure while shopping.
21. I am able to do a lot of fantasizing while
shopping.

All rights reserved ©

Social motivation
22. I enjoy socializing with my family or friends
while shopping.
23. I extend personal relationships while
shopping.
24. I like exchanging information with friends
about shopping.
25. I like sharing experiences with others about
shopping.
26. I like developing friendships with other
shoppers when shopping.
Gratification motivation
27. I am able to forget my problems when
shopping.
28. I go shopping to make me feel better when I
am in a down mood.
29. I go shopping to take away a down mood.
30. I think shopping is a way to relieve stress.
31. I feel a sense of escape when I look around
the store.
32. I distract my mind from my troubles when I
go shopping.
33. I get so involved when I go shopping that I
forget everything else.
Idea motivation
34. I enjoy being immersed in exciting new
items.
35. I go shopping to see what new products are
available.
36. I like finding new products in the store.
37. I go shopping to experience new things.
38. I go shopping to keep up with the trends.
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Scale 7
Personal Cultural Orientation
Sharma, P. (2010). Measuring personal cultural orientations: Scale development and
validation. Journal of the Academy of Marketing Science, 38(6), 787‐806.
(Items crossed were dropped out by the authors due to lower item‐total correlations)
Independence (IND)
1. I would rather depend on myself than others
2. My personal identity, independent of others, is important to me
3. I rely on myself most of the time, rarely on others
4. It is important that I do my job better than others
5. I enjoy being unique and different from others in many respects.
6. I often do ‘my own thing’
Interdependence (INT)
7. The well‐being of my group members is important for me
8. I feel good when I cooperate with my group members
9. It is my duty to take care of my family members, whatever it takes
10. Family members should stick together, even if they do not agree
11. I enjoy spending time with my group members
12. Children must respect the decisions made by their parents
Power (POW)
13. I easily conform to the wishes of someone in a higher position than mine.
14. It is difficult for me to refuse a request if someone senior asks me
15. I tend to follow orders without asking any questions.
16. I find it hard to disagree with authority figures.
17. People in higher positions have more power those in lower positions
Social Inequality (IEQ)
18. A person’s social status reflects his or her place in the society
19. It is important for everyone to know their rightful place in the society
20. It is difficult to interact with people from different social status than mine
21. Unequal treatment for different people is an acceptable way of life for me
22. I believe some people have an advantage over others in every society
Risk Aversion (RSK)
23. I tend to avoid talking to strangers
24. I prefer a routine way of life to an unpredictable one full of change
25. I would not describe myself as a risk‐taker
26. I do not like taking too many chances to avoid making a mistake
27. I am very cautious about how I spend my money
28. I am seldom the first person to try anything new

Ambiguity Intolerance (AMB)
29. I find it difficult to function without clear directions and instructions
30. I prefer specific instructions to broad guidelines
All rights reserved ©
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31. I tend to get anxious easily when I don’t know an outcome
32. I feel stressful when I cannot predict consequences
33. I feel safe when I am in my familiar surroundings
34. I get confused easily when dealing with complex problems
Masculinity (MAS)
35. Women are generally more caring than men
36. Men are generally physically stronger than women
37. Men are generally more ambitious than women
38. Women are generally more modest than men
39. Men are generally more logical than women
40. Men are generally more aggressive than women
Gender Equality (GEQ)
35. It is ok for men to be emotional sometimes
36. Men do not have to be the sole bread winner in a family
37. Men can be as caring as women
38. Women can be as ambitious as men
39. Men and women can be equally aggressive
40. There is nothing that men can do but women can not
Tradition (TRD)
47. I am proud of my culture
48. Respect for tradition is important for me
49. I value a strong link to my past
50. Traditional values are important for me
51. I care a lot about my family history
52. I always protect my family heritage
Prudence (PRU)
53. I believe in planning for the long term
54. I work hard for success in the future
55. I am willing to give up today’s fun for success in the future
56. I do not give up easily even if I do not succeed on my first attempt
57. I plan everything carefully
58. I consider many alternatives before making any decision .
Consumer Ethnocentrism (CET)
59. We should not buy foreign products, because it hurts our economy
60. Only products that are unavailable in our country should be imported
61. Purchasing foreign products allows other countries to get rich off of us
62. It may cost me in the long run but I support my own country’s products
Consumer Innovativeness (CIN)
63. I am more interested in buying new than known products
64. I like to buy new and different products
65. I am usually among the first to try new products
66. I know more than others about latest new products
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Scale 8
Experience
Baumgartner, H., & Steenkamp, J. B. E. (1996). Exploratory consumer buying behavior:
Conceptualization and measurement. International Journal of Research in Marketing, 13(2), 121-137.

Exploratory Acquisition of Products (EAP) Items
1. Even though certain food products are available in a number of different flavors, I tend to buy the
same flavors.
2. I would rather stick with a brand I usually buy than try something I am not very sure of.
3. I think of myself as a brand‐loyal consumer.
4. When I see a new brand on the shelf, I’m not afraid of giving it a try.
5. When I go to a restaurant, I feel it is safer to order dishes I am familiar with.
6. If I like a brand, I rarely switch from it just to try something different.
7. I am very cautious in trying new or different products.
8. I enjoy taking chances in buying unfamiliar brands just to get some variety in my purchases.
9. I rarely buy brands about which I am uncertain how well they perform.
10. I usually eat the same kind of foods on a regular basis.

Scale 9
Repatronage Intentions and Desire to Learn More
Jones, M. A., & Reynolds, K. E. (2006). The role of retailer interest on shopping behavior. Journal of
Retailing, 82(2), 115‐126.
Repatronage Intentions
1. I intend to shop at this store in the future.
2. I will probably visit this store in the future.
3. It is very unlikely that I will shop at this store
in the future.*

Desire to Learn More
1. I would like to learn more about this store.
2. I would like to know more about this store.
3. Learning more about this store would be
useless.*

Ad Message Involvement (Processing Effort)
Briley, Donnel A. and Jennifer L. Aaker (2006). When Does Culture Matter? Effects of Personal
Knowledge on the Correction of Culture‐Based Judgments. Journal of Marketing Research, 43(3),
395‐408.
(It can be needed to adapt to the task itself instead of the ad).
When you were reading the ad, did you:
1. Feel distracted? *
2. Feel preoccupied? *
3. Feel that you were able to focus on the ad’s message?
4. Feel that you could think clearly about the ad?
Cognitive Resource Demands
1. Easy to comprehend / Difficult to comprehend
2. Required little effort / Required a lot of effort
3. Easy to follow / Difficult to follow
4. Not easy to imagine / Easy to imagine
All rights reserved ©
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5, Required little attention / Required a lot of attention

Scale 10
Central and Peripheral Processing
Involvement in the Task (Processing Effort)
Shiv, B., Edell Britton, J. A., & Payne, J. W. (2004). Does elaboration increase or decrease the
effectiveness of negatively versus positively framed messages? Journal of Consumer
Research, 31(1), 199-208.

1.the extent to which you deliberated
2. the time you spent thinking
3. the amount of attention you paid
4. the extent to which you thought about
Analytic/Holistic Thinking Scale: AHS (personality characteristic)
Choi, I., Koo, M., & Choi, J. A. (2007). Individual differences in analytic versus holistic
thinking. Personality and Social Psychology Bulletin, 33(5), 691-705.

Factor 4: Locus of Attention
1. The whole, rather than its parts, should be considered in order to understand a phenomenon.
2. It is more important to pay attention to the whole than its parts.
3. The whole is greater than the sum of its parts.
4. It is more important to pay attention to the whole context rather than the details.
5. It is not possible to understand the parts without considering the whole picture.
6. We should consider the situation a person is faced with, as well as his/her personality, in order to
understand one’s behavior.

Scale 11
Involvement
Zaichkowsky, J. L. (1994). The Personal Involvement Inventory: Reduction, Revision, and Application
to Advertising. Journal of Advertising, 23(4), 59–70. doi:10.1080/00913367.1943.10673459
To me (object to be judged – e.g., shopping) is:
1. important – unimportant *
2. boring – interesting
3. relevant – irrelevant *
4. exciting – unexciting *
5. means nothing – means a lot to me
6. appealing – unappealing *
7. fascinating – mundane *
8. worthless – valuable
9. involving – uninvolving *
10. not needed ‐ needed

Scale 12
All rights reserved ©
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Engagement with brands
Hollebeek, L. D., Glynn, M. S., & Brodie, R. J. (2014). Consumer brand engagement in social media:
Conceptualization, scale development and validation. Journal of Interactive Marketing, 28(2), 149‐
165.
(It needs to be adapted to refer to “shopping” activity instead of brand)
Cognitive
1. Using [brand] gets me to think about [brand].
2. I think about [brand] a lot when I’m using it.
3. Using [brand] stimulates my interest to learn more about [brand].
Affective
4. I feel very positive when I use [brand].
5. Using [brand] makes me happy.
6. I feel good when I use [brand].
7. I’m proud to use [brand].

Scale 13
Time Consciousness
Kleijnen, M., De Ruyter, K., & Wetzels, M. (2007). An assessment of value creation in mobile service
delivery and the moderating role of time consciousness. Journal of Retailing, 83(1), 33‐46.
1. I rarely think about how I’m using my time. (r)
2.I prefer to do things when I’m ready, not at set deadlines. (r)
3. I prefer not thinking about how I use my time. (r)
4. I prefer not to be late for appointments.
5. I like to make to‐do lists to help sequence my activities.
6.I usually have a time schedule for everything.
7. I prefer to be able to plan in advance what tasks I need to do.
8. I often combine tasks to optimally use my time.
9. I usually feel pressed for time.

Scale 14
Impulsiveness
Verplanken, B., & Herabadi, A. (2001). Individual differences in impulse buying tendency: Feeling and
no thinking. European Journal of Personality, 15(S1), S71‐S83..
Cognitive items
1. I usually think carefully before I buy something.
2. I usually only buy things that I intended to buy.
3. If I buy something, I usually do that spontaneously.
4. Most of my purchases are planned in advance.
5. I only buy things that I really need.
6. It is not my style to just buy things.
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7. I like to compare different brands before I buy one.
8. Before I buy something I always carefully consider whether I need it.
9. I am used to buying things `on the spot'.
10. I often buy things without thinking.
Affective items
11. It is a struggle to leave nice things I see in a shop
12. I sometimes cannot suppress the feeling of wanting to buy something.
13. I sometimes feel guilty after having bought something.
14. I'm not the kind of person who `falls in love at first sight' with things I see in shops.
15. I can become very excited if I see something I would like to buy.
16. I always see something nice whenever I pass by shops.
17. I find it difficult to pass up a bargain.
18. If I see something new, I want to buy it.
19. I am a bit reckless in buying things.
20. I sometimes buy things because I like buying things, rather than because I need them

Scale 15
Loyalty
Zentes, J., Morschett, D., & Schramm‐Klein, H. (2008). Brand personality of retailers–an analysis of its
applicability and its effect on store loyalty. The International Review of Retail, Distribution and
Consumer Research, 18(2), 167‐184.
1. How often do you buy (product under study)?
2. How often do you buy in the same type of store?

Scale 16
Confusion
Diehl, K., & Poynor, C. (2010). Great expectations?! Assortment size, expectations, and
satisfaction. Journal of Marketing Research, 47(2), 312‐322.
With each item items below, please indicate the extent to which:
1. you felt overwhelmed.
2. you felt confused in the decision process.
3. it was difficult for you to decide which (product) to choose.

Scale 17
Stress
Maheswaran, D., & Meyers‐Levy, J. (1990). The influence of message framing and issue
involvement. Journal of Marketing Research, 27(3), 361‐367.
When you performed the task, to what extent did you experience the following
feelings?
All rights reserved ©
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1. Fearful
2. Tense
3. Nervous
4. Anxious
5. Reassured (r)
6. Relaxed (r)
7. Comforted (r)
8. Stressed

Scale 18
Product Involvement
Jain, K., & Srinivasan, N. (1990). An empirical assessment of multiple operationalizations of
involvement. ACR North American Advances.
Relevance
1. Essential—Nonessential*
2. Beneficial—Not beneficial*
3. Not needed—Needed
Pleasure
4. I do not find it pleasurable—I find it pleasurable
5. Unexciting—Exciting
6. Fun—Not fun*
Sign
7. Tells others about me—Doesn’t tell others about me*
8. Others use to judge me—Others won’t use to judge me*
9. Does not portray an image of me to others—Portrays an image of me to others
Risk Importance
10. It is really annoying to make an unsuitable purchase—It is not annoying to make an unsuitable
purchase*
11. A poor choice wouldn’t be upsetting—A poor choice would be upsetting
12. Little to lose by choosing poorly—A lot to lose by choosing poorly
Risk Probability
13. In purchasing it, I am certain of my choice—In purchasing it, I am uncertain of my choice
14. I never know if I am making the right purchase—I know for sure that I am making the right
purchase*
15. I feel a bit at a loss in choosing it—I don’t feel at a loss in choosing it

Scale 19
Enjoyment
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Falk, Tomas, Maik Hammerschmidt, and Jeroen J. L. Schepers (2010), "The Service Quality‐
Satisfaction Link
Revisited: Exploring Asymmetries and Dynamics," Journal of Academy of Marketing Science, 38 (3),
288‐302.
1. Shopping (at this website) is exciting.
2. Shopping (at this website) is interesting.
3. Shopping (at this website) is enjoyable.

Scale 20
Risk Perception
Jain, K., & Srinivasan, N. (1990). An empirical assessment of multiple operationalizations of
involvement. ACR North American Advances.
(Risk dimensions of the NIP scale)
Risk Importance
10. It is really annoying to make an unsuitable purchase—It is not annoying to make an unsuitable
purchase*
11. A poor choice wouldn’t be upsetting—A poor choice would be upsetting
12. Little to lose by choosing poorly—A lot to lose by choosing poorly
Risk Probability
13. In purchasing it, I am certain of my choice—In purchasing it, I am uncertain of my choice
14. I never know if I am making the right purchase—I know for sure that I am making the right
purchase*
15. I feel a bit at a loss in choosing it—I don’t feel at a loss in choosing it

Scale 21
Focus
Wang, L. C., Baker, J., Wagner, J. A., & Wakefield, K. (2007). Can a retail web site be social?. Journal
of Marketing, 71(3), 143‐157.
When doing this task:
1. I was aware of distractions. (r)
2.I was totally absorbed in what I was doing.
3.I thought about other things. (r)

Scale 22
Tangibility
Dolen, W. (2017). Role of local presence in online impulse buying. Information & Management, 54(8),
1038‐1048.
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1. Experiencing sunglasses on the website is like experiencing sunglasses in the real world* (Item 1
was excluded of the author’s analysis – see paper)
2. Experiencing sunglasses on this virtual shop corresponds with my memories of experiencing
sunglasses in reality
3. The products on this virtual shop seemed “real” rather than “virtual”
4. During my experience on this virtual shop the product seemed to me “something in reality” rather
than “something in a virtual environment”
5. While I was on this virtual shop, the products were as present to me as in the “real world”

Scale 23
PAD (short version) – it was used only the pleasure and arousal dimensions
Havlena and Holbrook (1986).
Spanish version (from Venezuela): A Spanish translation of Mehrabian and Russell's emotionality
scales for environmental consumer psychology. Mirella Yani Soriano Professor Gordon R Foxall.
Pleasure:
1. happy‐unhappy
2. pleased‐annoyed
3. satisfied‐unsatisfied
4. contended‐melancholic
Arousal:
5. stimulated‐relaxed
6. excited‐calm

7. frenzied‐sluggish
8. aroused‐unaroused
Dominance:
9. controlling‐controlled
10. influential‐influenced
11. dominant‐submissive
12. autonomous‐guided

Scale 24
Hedonic and Utilitarian Shopping values
Source: Babin, Barry J., William R. Darden, and Mitch Griffin (1994), “Work and/or Fun: Measuring
Hedonic and Utilitarian Shopping Value,” Journal of Consumer Research, 20, 644–56.
Hedonic:
1. This shopping trip was truly a joy.
2. I continued to shop, not because I had to, but because I wanted to.
3. This shopping trip truly felt like an escape.
4. Compared to other things I could have done, the time spent shopping was truly enjoyable.
5. I enjoyed being emerged in exciting new products.
6. I enjoyed this shopping trip for its own sake, not just for the items I may have purchased.
7. I had a good time because I was able to act on “the spur‐of‐the‐moment.”
8. During the trip, I felt the excitement of the hunt.
9. While shopping, I was able to forget my problems.
10. While shopping, I felt a sense of adventure.
11. This shopping trip was not a very nice time out.
Utilitarian:
1. I accomplished just what I wanted to on this shopping trip.
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2. I couldn’t buy what I really needed.
3. While shopping, I found just the items(s) I was looking for.
4. I was disappointed because I had to go to another store(s) to complete my shopping trip.

Scale 25
STAI (State‐Trait Anxiety Inventory) – short version
Buela‐Casal, G., & Guillén‐Riquelme, A. (2017). Short form of the Spanish adaptation of the State‐
Trait Anxiety Inventory. International Journal of Clinical and Health Psychology, 17(3), 261‐268.
STAI‐Trait:
5. Pierdo oportunidades por no decidirme pronto
8. Veo que las dificultades se amontan y no puedo con ellas
10.Soy feliz
20. Cuando pienso sobre asuntos y preocupaciones actuales me pongo tenso y agitado.
STAI‐State:
7. Soy una persona tranquila, serena y sosegada
8. Veo que las dificultades se amontan y no puedo con ellas
9. Me preocupo demasiado por cosas sin importancia
18. Me afectan tanto los desengaños que no puedo olvidarlos

Scale 26
I‐8
www.gesis.org/zis
1. Sometimes I do things impulsively that I shouldn't do.
2. I sometimes do things to cheer myself up that I later regret.
3. I usually think carefully before I act.
4. I usually consider things carefully and logically before I make up my mind.
5. I always bring to an end what I have started.
6. I plan my schedule so that I get everything done on time.
7. I am willing to take risks.
8. I am happy to take chances.

Scale 27
Situation‐Specific Thinking Styles
Thomas P. Novak, Donna L. Hoffman (2009). The Fit of Thinking Style and Situation: New Measures
of Situation‐Specific Experiential and Rational Cognition. Journal of Consumer Research, 36(1), June,
56–72
Rational:
1. I reasoned things out carefully.
2. I tackled this task systematically.
3. I figured things out logically.
4. I approached this task analytically.
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7. I was very focused on what I was doing to
arrive at the answers.
8. I was very aware of my thinking process.
9. I arrived at my answers by carefully
assessing the information in front of me.
10. I used clear rules.
Experiential:
11. I used my gut feelings.
12. I went by what felt good to me.
13. I trusted my hunches.
14. I relied on my sense of intuition.
15. I relied on my impressions.
16. I used my instincts.
17. I used my heart as a guide for my actions.
18.I had flashes of insight.
19. Ideas just popped into my head.
20. I used free‐association, where one idea
leads to the next.
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Scale 28
Decision‐Making Style
1. Purchases
Völckner, F. (2008). The dual role of price: decomposing consumers’ reactions to price. Journal of the
Academy of Marketing Science, 36(3), 359‐377.
1. I do not like tasks that require much thinking.
2.It is important for me that my purchase decision making is fast and uncomplicated.
3. In purchase decision making, I often rely on easily available attribute information.
2. Head Vs. Heart
Shiv, B., & Fedorikhin, A. (1999). Heart and mind in conflict: The interplay of affect and cognition in
consumer decision making. Journal of Consumer Research, 26(3), 278‐292.
My final decision __________ was driven by:
1. My thoughts / my feelings
2. My willpower / my desire
3. My prudent self / my impulsive self
4.The rational side of me / the emotional side of me
5. My head / my heart.
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