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Abstract 

 

This study aims at contributing to the academic and non-academic 

debate regarding the actual effectiveness of Virtual Reality as 

advertising media. In particular an exploratory comparative study 

was conducted to test for significant differences in levels of 

Presence, Arousal and Advertising Effectiveness between a 2D and 

a Virtual Reality set-up. Our research question was addressed 

empirically by collecting data from thirty-nine participants 

distributed among two comparative samples.  The investigation 

was carried out by combining traditional marketing research tools 

(i.e. questionnaires) with neuromarketing research methods. In 

particular, physiological data on arousal levels of participants were 

extracted through Electrodermal Activity (EDA) recording. The 

obtained findings did not report any significant difference in  the 

levels of Presence and Advertising Effectiveness between the two 

mediation technologies. However, differences in Arousal could be 

found in favour of participants exposed to the experimental 

stimulus on the 2D display. 
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Introduction 
 

Despite moments of absolute hype and those of almost oblivion, setbacks and challenges faced over the 

last twenty years, the Virtual Reality (VR) may have gain its spotlight.  The term “Virtual Reality”, as 

we conceive it today, was coined by Jarod Lanier in 1987 (Sherman & Craig, 2003). However, the story 

of virtual experiences can be dated back to the first stereoscopic applications of the 19th century, passing 

through Heilig’s Sensorama in the 1960’s and to the ill-fated Nintendo’s Virtual Boy in the mid ‘90s. 

Nowadays, after the $2 billion dollars acquisition of Oculus VR by Facebook in 2014 (Eadicicco, 2014), 

VR may be living a new renaissance. Indeed, in the recent years, at the side of Oculus, other tech giants 

such as Samsung, Sony, HTC and Alphabet have also started spending hundreds of millions of dollars in 

the development of their own VR solutions (Vanian, 2017). 

 

According to the International Data Corporation, by this year (2018) the worldwide spending for 

augmented and virtual reality will reach a new spending record of $17.8 billion. A 95% increase 

compared to the last year’s figures (Shirer & Torchia, 2017). In this setting, the consumer sector remains 

the largest driver of spending for VR, with $6.8 billion expected to be spent by the end of 2018 (Shirer 

& Torchia, 2017). 

 

As a consequence of the current hype, VR has therefore also drawn the attention of an increasing number 

of companies. Although not directly involved in the development of this technology, many businesses 

have started considering the new applications brought by VR as an opportunity to re-think their products 

as well as the ways in which they are commercialized.  From McDonald's turning its “Happy Meal” 

boxes into VR cardboard sets (Gianatasio, 2016) to IKEA’s virtual reality “Kitchen Experience” 

(Åkesson, 2016). 

 

Among the many applications, VR can represent for many companies a new medium through which to 

build a dialogue with prospective and existing users. For example, thanks to the use of VR, in 2015 the 

car manufacturer Infiniti was able to create VR test drives of its Q60 and QX30 models (Infinitinews, 

2015). Similarly, the tourism office of British Columbia created a VR experience to promote its territory, 
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while Chick-fil-A promoted a proper two minutes’ advert as extension of its TV campaigns (D'Angelo, 

2017). 

 

In supporting the use of VR by companies, also its reception by users appears encouraging. According 

to the 2016 “Virtual Reality Consumer Adoption Report” published by Greenlight, the majority of 

consumers reported on how they are more prone to purchase a product/service when promoted through 

a VR experience. Moreover, according to the 71% of consumers, a brand that uses VR experiences to 

reach them demonstrates to be a modern and forward-thinking business (Ambrosio, 2017). This 

apparently positive general attitude of consumers towards brand using VR experiences can be easily 

traced back to the novelty factor that VR appeals, the notorious “wow” effect. Indeed, according to the 

Greenlight Report, the 91% of non-experienced VR users would generally present a more positive 

attitude towards information displayed in VR (Ambrosio, 2017). 

 

Building on this scenario, the present research aims at investigating the aspects related to users’ reception 

of VR advertising by comparing the levels of presence, arousal and advertising effectiveness. In 

particular, to highlight those factors, the experienced lived by users immersed in VR were compared to 

those of users exposed to a traditional 2D set-up. The purpose of our study is then to verify whether, for 

its current level of development, modern VR could indeed represent a significant improved and a more 

effective advertising media.  
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Research question 
 

The present study aims at contributing to the academic and non-academic debate regarding the actual 

effectiveness of VR as advertising media. In particular, the compelling research question that the authors 

want to address is: 

 

Can two different mediating technologies - 2D displays and 360° VR headsets - broadcasting the same 

content, elicit different levels of presence and arousal? Moreover, does the usage of a different 

technology affect advertising effectiveness measurements? 

 

The research question has been addressed empirically by collecting data from two samples respectively 

composed from 18 and 21 participants. Subjects of the two groups were exposed to the same broadcasted 

content by using two different mediating technologies: a 2D displays or a VR headset. After having 

conducted an initial literature review, several hypotheses have been developed in order to related the 

obtained variables of interest - presence, arousal and advertising effectiveness-  to the research 

question.  In particular, the levels of arousal, presence and advertising effectiveness were analysed to 

observe how they affect and diversify the two mediating technologies under study. 

The investigation was carried out by combining models traditionally used in marketing researches with 

novel neuromarketing tools. This thesis is composed of five sections and its structure is described below. 
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Structure of the study 
 

The first section of this work presents an in-depth literature review on the definition of modern marketing 

and advertising practices, the use of Presence as defining variable for mediated experiences, and the uses 

of Neuromarketing and Arousal in marketing research. Following, the theoretical framework developed 

from literature and the designed research hypotheses are presented. The third section of this work will be 

then focused on the methodology employed and the design given to our study. In the fourth section the 

obtained results will be reported and discussed. Finally, our closing considerations, as well as the 

limitations and hints for further research entailed from our research will be outlined.   

 

 

 

 

 

 

 
 
 

Figure 1-Research Structure 
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Literature Review 
 
In the first part of our literature review, presented in the following sections, we will start by focusing on 

the advent of Post-Modern consumerism, the rise of experiential marketing and of Virtual Reality as new 

communication media. Moreover, the main dimensions for measuring Advertising Effectiveness will be 

discussed. The second part of the review will be then dedicated to the definition of the concept Presence. 

In particular, the media and user-related variables for Presence will be investigated.  Following, the role 

and delineation of Neuromarketing will be presented together with an overview of the concept of 

physiological Arousal.  Finally, connecting Arousal and Neuromarketing, the measurement of 

Electrodermal Activity for marketing research will be examined.  

 

From the Modern Consumer to Postmodern Consumer 
 
The concept “modern consumer” finds its roots in the years following the conclusion of World War II in 

the United States, when the consumption activities became a way to be aligned with the new values 

promoted by society. Goods were, back then, social status symbols (Alberoni, 1975). Consumers were 

unsophisticated and voracious, especially due to the socio-economic conditions experienced until then, 

characterized by savings accumulation and widespread misery. It emerged over time, a consumer able to 

rationally choose between products so to maximize the gained utility, independently from the choices 

already taken and from the choices made by his/her peers. The primary driving force was the satisfaction 

of needs under an egoistic conception (Lasch, 1981).  

 

This phenomenon, however, confronts the dissatisfaction brought by 90’s, where the collective well-

being reached lower levels then those expected by many. The “modern” way of conceiving consumers 

was than revised in favour of the so-called “postmodern” consumer (Fabris, 2003). Together with the 

rising use of internet, new related-technologies and social networks, consumers changed their buying 

behaviour, aiming at a more active role in the product conception and development (Holbrook & 

Hirschman, 1982). Consumers are now more mature, selective and acute, overshadowing the role of the 

brand fidelity in favour of underlining the importance of differentiation, quality, and personalization of 

products they are interested in (Fabris, 2003). The contemporary conception of the consumer ceases to 
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be about rationality and utility-maximization and becomes focused on experiences and emotions. 

Moreover, while before consumers were seen as passive actors of business-related marketing activities 

(Lasch, 1981), now are conceived as individuals, not merely related to the “act of consumption” but also 

as actively participating to the process of ideation, creation and promotion of products (Fabris, 2003). 

Modern consumers are characterized by discretionary choices, no longer driven by utilitaristic purposes, 

but by emotions and thus irrationality, headed to constantly look for hedonistic and recreative motives 

(Holbrook & Hirschman, 1982). In the current society, needs and utility are replaced with desires. 

Individuals are now able to autonomously create their own purchase and consumption experience (Fabris, 

2003). 

 

As summarized by Fabris (2003), the postmodern consumer wants to establish a two-way communication 

channel with companies, made of dialogues and feedbacks, in order to better satisfy his or her needs. In 

doing so, he/she actively searches product and services information, resulting in more conscious and 

autonomous choices. This disenchanted behaviour of postmodern consumers is reflected in their 

willingness to no longer be passively aligned to society-established values through consumption choices, 

but rather employing consumption choices to communicate his/her unique identity (Fabris, 2003).  

 

This shift towards a new conception of the costumer, as hypothesized by Holbrook and Hirschman in the 

1982, highlights the contrast between the experiential view of consumption from the traditional 

information processing one based on utilitarism. Some authors, however, merged aspects of both theories 

– utilitarian (modern consumer) and experiential consumption (postmodern consumer) - explaining how 

theoretically, and later empirically, in consumption processes both rational/functional and 

emotional/hedonistic aspects co-exist and co-determine the consumer behaviour (Arnould et al., 2004). 

 

Consumption Experience and Experiential Marketing 
 

Pine and Gilmore (2000) pose experiences next to products and services, as a new category of offerings 

that companies can disclose to their clients to attract and retain them. Since today’s markets are 

increasingly saturated by homologated products and services, and that consumers keep showing less and 
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less loyalty towards brands compared to the past (Fabris, 2003), this new role of experiences assumes 

even more relevance. As a matter of fact, experiences may represent the element able to differentiate 

companies’ offer, eventually improving customers loyalty (Manning & Czarnecki, 2016). Experiences 

can be divided into direct and indirect one (Pine & Gilmore, 2000): 

 

● Direct are those embedded in the business activities performed by the company - such as 

concerts, tourism, theme parks etc. 

● Indirect are, instead, those combined with products as an added value to it. Examples are 

storytelling, branding, product related events, personalization etc. 

 

According to Pine & Gilmore (2000), the above-mentioned aspects determine four distinct experiences. 

Companies, in fact, depending on the level of participation (active or passive) and on the level of 

absorption or immersion of consumers, can offer different types of experiences to add value to their 

businesses. Active and passive participation regards the level of customers’ involvement in the creation 

of the experience. For example, individuals can passively watch the product demonstration or, 

conversely, actively participate in the product trial. Regarding the role of customers’ absorption and 

involvement, Pine & Gilmore intend, respectively, the act of “occupying customers’ attention by bringing 

the experience into the mind” and immersion for making the experience “physically or virtually part of 

the experience itself” (Pine & Gilmore, 1999). Therefore, depending on the customers’ will, companies 

can add Educational (active -  absorbing), Aesthetic (passive - immersive), Entertainment (passive - 

absorbing) and Escapist (active - immersive) experiences to their businesses. These are the aspects 

determining the transition towards the so-called “experiential marketing”, as contraposed to the 

“traditional marketing” (Schmitt, 1999; Tong & Liping, 2010). The latter heavily emphasizes the 

marketing mix aspects, commonly considered the supply-driven approach in which the demand is 

modelled to the supply requirements, instead of adapting supply to demand expectations (Lambin, 2008).  

 

As a matter of fact, traditional marketing is more focused on products categories and their related features 

and benefits, presuming rationality in consumers’ purchasing choices and their passivity in product 

development (consumer seen as a target to be reached). The Experiential Marketing, instead, is about the 

whole set of activities undertaken to build a connection with customers (Schmitt, 1999). Considering the 
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unpredictability of customers’ behaviour and their willingness to actively participate in the product 

development, the experience associated with the fruition of a certain product or services is then deemed 

to be fundamental. Experiences can evoke specific consumption situations, associating to a specific 

product a specific usage moment, reinforcing the consumption experience and its later remembrance 

(Schmitt, 1999).  Products, packaging, communication, in-store interaction, events, offline and online 

activities are all now devoted to creating a unique and customized experience, determining a new 

approach toward the market (Schmitt, 1999). Consequently, the customer experience is no more managed 

by firms but rather shaped by customers. The resulting perceived value is therefore function of clients’ 

expectations and the stimulus generated by the interaction with the firm and its offer.  

 

Experience and Technology: The Virtual Reality 
 

The postmodern consumer, as depicted so far, revolutionized the established practice of firms, acquiring 

a leading role in the market and changing how modern companies should approach marketing. (Schmitt, 

1999). The advent of tailored experiential offerings is both cause and effect of new technologies, able to 

change market-based mechanism and consumer needs. In fact, the extreme availability of data and the 

development of information technologies allow to purchase every hour every day, to gather information 

about products by comparing different providers with few simple clicks, to participate to real-time events 

worldwide without limitation in time and space. 

This premise is fundamental for understanding the rise of new media able to engage and satisfy the 

experience demand, now wanted by clients more than ever. Among the new media, a crucial role could 

be played by Virtual Reality (VR). Virtual reality, together with Augmented reality and merged reality, 

provides the possibility to satisfy the customer experience requests not only in a tangible manner but also 

through virtual environments. As stated by Gentile et al. (2007), this personal experience implies 

different involvement levels: rational, emotional, sensorial, physical and spiritual. Due to its intrinsic 

characteristics, the virtual reality might then represent a logical choice to satisfy all the levels of 

involvement.  
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Virtual Reality: Definition, origin and evolution 
 

Nowadays, among the various method of communication available, VR has attracted increasing attention 

in many industries, by leveraging on its unique assets: interaction and content presentation. 

 

The Virtual Reality, indicates a 3D simulated environment that allows users to navigate and interact with 

objects in extremely realistic scenarios (Halarnkar et al., 2012; Lanier, 1992). The term “Virtual Reality” 

was coined in 1987 by Jaron Lanier, founder of the VPL Research company and pioneer of VR research, 

whose work shaped the field as we know it today.  

 

Usually, a VR set consists in a head-mounted display (HMD) and other accessories such as joypad, 

gloves, earpieces etc. Depending on its features, two models are currently available: those “full feature” 

and those “mobile”. The “full feature” VR is the combination of VR headsets with platforms made up of 

advanced graphics cards such as consoles and PCs. The “Mobile” VR classification, on the other hand, 

includes those devices incorporating VR headsets and smartphones through special cases. The “full 

feature”, as easily deducible, are usually high-priced (between $350-$500). The “mobile” ones instead, 

cost from about $10 to $100, representing the most affordable solution on the market today.  

 

Virtual environments, as in real life, can be explored from a subjective perspective: to browse in them, it 

is sufficient to move the or, in more advanced applications, to physically walk. 

 

Aside from the VR technology, two other realities are commonly confused with the former. The 

Augmented Reality (AR) relies on the real/physical world, which represents the core of the experience, 

that is thus enhanced - “augmented” - by virtual details. The Merged reality, instead, merges elements of 

AR and VR by providing the possibility to interact and manipulate both physical and virtual environment. 

As already explained, differently from AR and MR, VR builds on a completely digital environment, 

depriving the user of real world inputs.  
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Figure 2- VR, AR and MR at comparison (Ambrosio, 2017) 

 
Origins of Virtual Reality 

 

The history of VR goes back to the 19th century, where the first prototype of the so called “stereoscope” 

was conceived by Brewster and Wendell: the idea was to overlap two different images under two slightly 

different perspective, so to give the impression of a single three-dimensional image (Sherman and Craig, 

2003). Between the fifties and sixties, with the spread of the firsts Sensorama, it came to light the 

possibility to engage users not only with vision-related stimuli but also via other sensations, such as 

vibrations, wind, aromas, sounds and motion (Sherman and Craig, 2003). Although scarce customer 

appreciation was recorded, due to the high costs, new vigour was later given through investments 

promoted by the defence industry resulting in the first wearable VR headsets (Sherman and Craig, 2003). 

A further ignition was given by the game industry: in the 1982 Atari started financing its first VR-based 

project. Sega Inc. successively conceived the never-commercialized Sega VR. Finally, in 1995 both 

Nintendo and Forte Technologies realized the first commercialized visor, “Virtual Boy” and “VFX1”, 
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respectively. However, despite the success and 

popularity gained during the 1990’s, the gap between the 

users’ expectations and the technology available at that 

time was still tremendously large, decreed the decline of 

VR until the first decade of the new millennium 

(Sherman and Craig, 2003).  

 

Despite a few attempts from the game industry, only in 

the year 2012, thanks to the crowdfunding campaign 

promoted by Palmer Luckey, the first affordable headset 

was released - the “Oculus Rift”. Nowadays, the VR 

development and diffusion is triggered by the “connected 

society” trend, where the accessibility and the data 

processing capabilities of both mobile and consoles/PCs 

devices are easier and faster than ever.  

 

Characteristics and Applications of VR 
 

As imagined by on Halarnkar et al. (2012) and Baus & Bouchard (2014), the current and future levels of 

users’ engagement with digital media could be organized along three levels. Depending on the degree of 

isolation from external stimuli, realism and reality, these are: non-immersive, sensory-immersive (semi-

immersive) and neural-direct (fully immersive) experiences.   

• Non-immersive is intended the experience generated without the use of on-purpose hardware, 

and usually experienced on a desktop computer. Users are engaged through the interaction with 

the medium using a keyboard and/or a mouse.  

• A semi-immersive system is based on the employment of advanced computing systems with high 

performance graphics coupled with head mounted devices (HMDs), allowing users to navigate in 

virtual environments more or less actively.  

 Figure 3 - Sensorama (Fedorov, 2015) 
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• Finally, a utopian fully-immersive experience, would be the one allowing to neglect the use of 

any device or equipment. In it, users’ brains would be directly connected to a computer prompting 

sensory stimuli.  

 

Despite the above, and almost sci-fi movie considerations, it is easy to understand which are the focal 

points under which VR works: immersion, interaction and imagination (Burdea and Coiffet 2003).  

 

Immersion, is the feeling of being part of the virtual world. It is a direct consequence of the real-time 

stimulation of different sensory apparatuses - such as sight, taste, touch, smell, hearing. Interaction stands 

for the interface that allows the user to gain access to the virtual world: while in 1D/2D environments the 

interactive mediums are, for instance, the mouse and/or the keyboard, in 3D environments we refer to 

HMD (head-mounted device). Last but not the least, imagination suggests the opportunity to interact 

with the mean in order to represent concepts or ideas (real or ideal) and to communicate them. 

Nevertheless, imagination can be used to create, ideate and design specific prototypes and product 

samples, as much as for testing and enhancing problem-solving skills.  

 

One of the major goals driving the design and development of VR is to provide a space for people to 

interact without any physical world constraints (Lanier, 1992), “a medium for the extension of body and 

mind” (Biocca & Delaney, 1995). Given the nature of technology, the scientific community - especially 

social scientists - have exploited virtual reality for various purposes (Fox et al., 2009). VR might be 

intended as an object, namely an instrument able to “evoke emotional reactions” (Fox et al., 2009). 

Because of this, through immersion researchers can develop effective VR treatments aimed at enhancing 

users’ perceptual abilities (Bailenson & Beall, 2006) as well as to transform their own self-representation 

(Bailenson et al, 2005).  

 

By the creation of ad hoc stimuli and treatments, scientists were able to use VR for psychiatric 

applications, cognitive behavioural therapies, physical rehabilitation (Fox et al., 2009). In particular, 

through VR, social scientists can replicate and extend real-world experiments thanks to the 

unprecedented possibility of creating controlled and detailed stimuli, while reducing the problem linked 

to interferences and unwanted cues embedded in traditional experiment procedures (Fox et al., 2009; 
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Blascovich et al., 2002). Moreover, when conducting social and clinical experiments, getting statistically 

significant results is hard. This issue of statistical relevance can, for example, be overcome with VR by 

including in the study sample populations from different geographical locations, thanks to the VR 

interconnectivity feature.  

According to what has been stated so far, the VR has the potential to be a valuable and versatile tool 

applicable in both academic and company-related environments. In this study, of particular interest is to 

investigate the role that VR can play in marketing and, especially, in advertising. Therefore, in the 

following section, we are going to introduce the main components used to measure advertising 

effectiveness.  

 
Advertising Effectiveness  
 

When talking about company strategy, advertising has a dominant position to influence the consumer 

decision-making process. Together with product, price and place, promotion represents one of the so-

called four “Ps” of marketing, aimed at creating, capturing, delivering and communicating value to 

existing or potential customers (McCarthy & Perreault, 2002). Among the communication tools used by 

companies, advertising stands out as one of the most effective ones, able to reach the widest audience. 

 

In order to investigate the conditions under which advertisements are able to effectively reach the targeted 

audience, it is necessary to introduce some definitions. Kotler and Keller (2012) define advertising as 

“any paid form of non-personal presentation and promotion of ideas, goods, or services by an identified 

sponsor via print media, broadcast media, network media, electronic media, and display media”. The role 

of advertising, nevertheless, is not just the communication and promotion of the mere product/service 

offered, but also a way in creating and shaping a brand. A brand is defined as “a name, term, design, 

symbol, or any other feature that identifies one seller’s good or service as distinct from those of other 

sellers” (American Marketing Association, 1960). Therefore, when analysing advertisement 

effectiveness, it is important to keep in mind how both physical and, especially, emotional aspects related 

to a product can affect consumption choices.  
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The feelings that consumers develop towards a specific brand are decisive in creating, differentiating and 

supporting that specific brand. Accordingly, when communicating a message, firms should trigger 

specific emotional cues able to influence the buying behaviour. A boomerang effect is then triggered. 

Consumers, successively, filter the message according to personal beliefs and principles, so to make a 

value judgment. This judgment determines not only the willingness to buy from a company instead of 

another, but also why people will recommend a specific product to others (word-of-mouth) and their 

loyalty level. On this line, Keller (2013) built a “Brand Equity Model”, illustrating the four steps that 

companies need to follow to build a strong brand equity. Firstly, the firm has to create brand awareness, 

thus implying that consumers are able to recognize the brand and are aware of it. Secondly, the firm has 

to identify and effectively communicate what the brand means in terms of performance (how well the 

product meets consumer’s needs) and imagery (how well the product meets consumer’s needs according 

to social and psychological aspects). Thirdly, the firm has to assesses customers responses to the brand 

according to judgements (quality, credibility, consideration, superiority) and feelings evoked towards the 

firm, but also towards themselves. Finally, the firm needs to achieve brand resonance, namely when the 

consumers feel a deep bond with the brand so to: repeat purchases, love the brand/product, have the 

feeling in being part of a community and be actively engaged in events and other activities related to the 

brand. Based on the Brand Equity Model the metrics that prove advertisements’ (ad) effectiveness are: 

recall, recognition, attitude towards the brand, attitude towards the advertisements and purchase intention 

(Kotler & Keller, 2009; Keller, 2013).  

 

Nysveen & Breivik (2005) and Percy and Rosenbaum-Elliot (2009), who are part of the same school of 

thought of Keller, also remarked the role of: the category need, the brand awareness and attitude, the 

purchase intention and the perceived ad quality as cores variables to consider when measuring for ad 

effectiveness. 

 

The model proposed by Keller, and further analysed together with Kotler, presents aspects of the AIDA 

(Awareness-Interest-Desire-Action) model proposed by Strong in 1925. In the AIDA model, four factors 

are recognized as fundamental to achieve an effective advertisement. Firstly, the attention or awareness: 

an advertisement should attract the consumer attention, especially considering at how many ads 

consumers are exposed. Secondly, an advertisement must generate interest in consumers, so to capture 
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their selective attention - namely the ability to select specific stimuli that need to be elaborated at a later 

time. Thirdly, an effective ad, must trigger a desire-creation process, strongly related to the identification 

level of the consumers with the situation proposed by the advertisement. Last but not the least, the 

advertisement has to prompt an action (call to action), which is often related to the act of buying a specific 

product/service.  

 

However, the AIDA model has been recently reviewed, due to its lack of contemporaneity, by Betancur 

(2014). Compared to the one previously discussed, Betancur’s model includes elements concerning the 

need of identification, the trust towards both the ad content and brand, and loyalty (the so called 

“BAIFDASV” model). 

 

According to De Pelsmacker et al. (2013), it is possible to induce two kind of consumer related actions 

after exposing them to an advertisement. On one side consumers can perform actions aimed at increasing 

their brand knowledge - e.g. gather information on websites or events. On the other hand, consumers can 

perform actions meant to share knowledge and information about the consumption experience and the 

brand with their peers. Depending on the action category chosen by the consumer, the advertisement 

effectiveness can be measured. 

 

Percy and Rosenbaum-Elliot (2009), while analysing the persuasive role of advertisements, also pointed 

out on how, through a coherent message delivery and a correct content comprehension, the targeted 

consumers will eventually better assimilate the message and embrace it.  

 

Another point of view is provided by Wright (2016) that, drawing on Anderson & Bower (1973), suggests 

how ads need four aspects to achieve an impact. Firstly “opportunity”, namely the placement of the add 

in contexts to which the potential consumer is exposed. Secondly, the attention, which means “drawing 

eyes-on or ears-on and then triggering either conscious or subconscious presence in a transient area of 

consumer memory” (Wright, 2016). Thirdly, activation, of long-term memory processes through 

conscious and subconscious elaborations to develop emotional attachments to the advertised brand. 

Finally, retrieval, which stands for the evocation of the aspects stored in the activation phase at the 

moment of purchase. 
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Considering the variables presented so far, it is crucial to understand how these are related to the type of 

motivation and behaviour of the consumers (Percy & Rosenbaum-Elliot, 2009). All the previous theories 

and models are based on the assumption that consumption activities of individuals can be driven by 

various motivations (Solomon et al., 2006). In this perspective, the branch of consumer behaviour aims 

at understanding the dynamics “involved when individuals or groups select, purchase, use or dispose of 

products, services, ideas or experiences to satisfy needs and desires” (Solomon et al., 2006). Among the 

different school of thoughts arose during the years, four main perspectives on consumer behaviour can 

be recognized (Jantzen & Østergaard, 2001): behavioural (buyer behaviour), cognitive (consumer 

behaviour), experiential (consumer research) and social-cultural (consumption studies). These 

perspectives differ on how the consumer perceives and acts based on different consumption’ drivers.  

 

Considering the characteristics of an advertisements, a central role is occupied by the storyline 

(Brechman & Purvis, 2015). When ads are presented in form of narratives, the power of recall and the 

generated affective response are reinforced compared to non-narrative ads. Moreover, the storyline, 

represents an essential element that allows people to get involved in the ads’ content. Transportive 

narratives, then, have a higher power of persuasion (Brechman & Purvis, 2015) 

 

Together with the storyline, also the ad originality and familiarity are aspects not to be underestimated 

(Pieters et al., 2002; Nysveen & Breivik, 2005). Originality is defined as the ad aspects able to let the 

audience think “about a familiar issue from an unexpected perspective” (Pieters et al., 2002). It drives 

the attention, strengthening the mental association in consumers’ memory. The Familiarity of an ad, 

instead, depends on the past experiences of customers, able to create a positive attitude towards the brand 

and the ads because easier to process and require less learning efforts. Therefore, advertisements showing 

both the aspects of originality and familiarity are able to attract attention towards the advertised brand, 

thus supporting brand memory (Pieters et al., 2002; Nysveen & Breivik, 2005). 

 

In conclusion, the variables to be taken into account when analysing advertising effectiveness are: brand 

recall, brand awareness, attitude towards the brand, attitude towards the advertisements, purchase 

intention, narrative, originality and familiarity. In considering these variables, however, one should also 

keep in mind how some of them highly depend on consumers previous experiences, beliefs and social 



	 17	

contexts, showing therefore different degrees of subjectivity. Moreover, different means of 

communication - such as television, radio, newspaper, magazines, direct mails, internet- are able to 

leverage differently on these variables. Therefore, depending on the targeted audience, employing one 

mean rather than another can result to be more or less effective (Kotler & Keller, 2012)
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Presence 
 

Presence might be, at the same time, the most characterizing feature of VR technologies yet the most 

difficult to delineate. Defined as a “state of consciousness” (Slater & Wilbur, 1997), Presence refers to 

our subjective and aware experience of own existence (Nicovich et al., 2005). A “basic property of 

normal conscious experience” (Seth et al., 2012) that we can sense in our everyday lives, while filtering 

and acknowledging the world through our automatic and cognitive systems.  

 

We are Present when we have the feeling of “being there”, in the environment that surrounds us, with 

our body and our mind. This is the definition of full Presence given by David Schloerb (as cited in 

Mantovani &Riva, 1999), who separates the concept into physical and subjective Presence. Physical 

Presence refers to the objective existence of a body in a given space and time. Subjective Presence, 

instead, refers to the subjective feeling of “being there”. According to Schloerb (as cited in Mantovani 

&Riva, 1999), full Presence requires these two dimensions to interact and coexist.  Because of this, 

although Presence belongs to our natural way to perceive the world, it is possible for us sometimes to not 

be present: being at the same time physically there but absent with our mind. After all, it has probably 

happened quite often to all of us to stand in front of someone talking, while, at the same time, having our 

mind busy wondering in distant thoughts.  

 

Bridging between Schloerb’s dimensions, Nunez (2004) proposed that Presence depends on how our 

predictions, based on personal background and causality, match and get satisfied by actual experience. 

This point of view has also been reinforced by Seth et al. (2012) who framed Presence as a reflection of 

our constant effort in predicting our own future emotional states.  

 

However, to Seth et al. (2012) it is true that, in real life, people hardly encounter a match between 

experienced and predicted emotional states. Because of this, then, in order to feel present, one has to 

either successfully ignore the mismatch or, alternatively, recognize how the context in which an 

experience takes place may allow a change of expectations. This means that, for example, while our past 

experiences taught to most of us that psychic powers do not exists, we could still feel present seeing 

someone “force choking” another person, provided that we are watching a Star Wars movie. 
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Finally, within subjective Presence we should also consider the sociological and cultural dimensions of 

how we experience the world. We are social animals and as such we live our lives immersed into a 

network of interactions with other agents. These interactions help define us and, advisedly, could be seen 

as fundamental cues and feedbacks to our very own feeling of existence. Because of this, subjective 

Presence should not just depend on a match between environmental-personal Presence, but also consider 

Social Presence. (Schuemie et al, 2001). By making us perceive ourselves as actors immersed into a 

socio-cultural web of individuals and interactions, Social Presence provides ecological validity to our 

subjective experiences, thus fostering Presence. (Mantovani & Riva, 1999)  

 

Presence in Virtual Reality 
 

In order to understand what separates modern Virtual Reality technology from more classic media 

channels such as print, radio and television, one can refer to Grigorovici’s (2003) Real-Virtual 

Continuum framework. Building on previous research, this model seeks to classify traditional and 

modern medias available to marketers along three main dimensions: reality, immersion and directness. 

In this framework, where books and print feature at the bottom, due to the poor interactivity and breadth 

of sensory stimuli, virtual reality appears at the top, right after real environments and augmented reality 

experiences (Grigorovici, 2003).  As for the latter, immersive virtual environments share high levels of 

immersion and interaction which lead to reduced levels of mediation awareness and, in turn, to higher 

scores of Presence or better, Telepresence.  

 

According to Steuer (1992) Telepresence can be defined as “the experience of being in an environment 

thanks to a means of communication medium”. Presence and Telepresence differ only for the physical 

side and the mediated nature of the experience but both refer to that “perceptual mechanism” (Slater & 

Steed, 2000) through which we develop the familiar feeling of having visited a space rather than just 

observed it (Slater & Wilbur, 1997). Thanks to this feeling, viewers enjoy what, perhaps, is the greatest 

innovation brought by Virtual Reality: the possibility to go beyond the screen and get truly involved, 

surpassing the limitations of other media technologies, where information remain spatially, temporally 

and contextually separated from the observer (Slater & Wilbur, 1997). Because of this, the achievement 

of Telepresence has long been discussed in literature as being perhaps the best indicator of success for a 
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VR experience. To the point that Steuer (1992) defined virtual reality itself in function of it, as any “real 

or simulated environment in which a perceiver experiences telepresence”. 

 

Due to the recognized similarity of these two concepts, and for sake of simplicity, we’ll from now on 

refer to both concepts of Presence and Telepresence simply as “Presence”.  

 

Presence: a multi-component construct  
 

Being something we can experience in our everyday lives, it is probably easy for most of us to understand 

the feeling of being present. After all, it can probably come to mind to all of us of an occurrence in which 

we truly felt immersed and part of the environment we were in: the first kiss, the bell-ring at the end of 

a class, graduation day. At the same time however, the perception of being present remains something 

subjective and personal, that words alone cannot fully convey. A cognitive and perceptual parameter 

(Kalawsky, 2000) that can be understood and described only from the observer’s point of view. Because 

of this, while the broadest concept of Presence has been universally recognized to match with the feeling 

of “being there”, much has been discussed around the variables that generate this feeling in the first place. 

 

Starting from the last decade of the 20th century, many academics have been directing their work towards 

the understanding of the variables behind the perception of being present in mediated experiences. Being 

a “multi-component construct” (Baños et al., 2004), Presence can be seen as an “umbrella term” 

(Kalawsky, 200) for many interrelated variables which can be broadly divided as attributable either to 

the characteristics of the employed media (Witmer & Singer, 1998; Sheridan, 1992) or to those of its 

users (Lombard & Ditton, 1997; Steuer, 1992). 

 

On this ground, models of Presence can be divided into Descriptive and Structural. Descriptive ones 

focus on uncovering the objective components of Presence. These are the media characteristics that, 

everything equal at the user level, can influence the subjective experience of Presence. Whereas 

Structural inquiries regarding Presence investigate the subjective, seeking for the subjective factors that 

generate the perception of being present in the mind of viewers. Structural models therefore focus on the 
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cognitive and social dimensions of the experience which, as already mentioned, can exist independently 

from the physical one (Ijsselsteijn & Riva, 2003). 

 

In this framework, research can be found presenting evidence in favour of both descriptive and structural 

models. Where some authors argued for fully descriptive (Sheridan, 1992; Fortin & Dholakia, 2005) 

models, most offered mixed explanations about what is needed to achieve Presence, where both users 

and media characteristics play a role.  

 

Two examples of mixed explanations are presented by both Ijsselsteijn & Riva (2003) and Baños et al. 

(2004) which created their models for Presence starting from the division into media and user 

characteristics. User characteristics refer to the demographic, perceptual and emotional dimensions 

(Ijsselsteijn & Riva, 2003). Media characteristics to the form and the content of the information delivered 

through the medium. (Baños et al., 2004) The form of the media indicates the width of the sensorial 

experience conveyed and the degree to which users can interact and exert control on the medium. 

Contents instead, include the environments and the actors presented in the media (Baños et al., 2004). 

Media and users’ characteristics elicit Presence by providing, respectively, bottom-up and top-down cues 

to users. (Ijsselsteijn & Riva, 2003) 

 

In the following two sections, the main variables uncovered by research as composing media and users’ 

characteristics will be presented and briefly described.  
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Media characteristics of Presence 
 

For what regards the media form and Presence, authors underlined the importance of few key variables. 

Among them: 

• The level of interaction and feedback allowed by the system (Slater & Usoh,1993; Steuer, 1992),  

• The grade of control exerted on the medium (Sheridan, 1992; Witmer & Singer, 1998), 

• The extensiveness of sensory information instilled by the technology (Slater & Wilbur, 1997; Fortin 

& Dholakia, 2005) 

• The rate of automation (Sheridan, 1992) and mediation (Grigorovici, 2003) towards the user. 

 

 At the same time, contents are deemed to collaborate to the formation of Presence through: 

• Their quality (Slater & Usoh, 1993), 

• Perceived Realism (Lombard & Ditton, 1997, Grigorovici, 2003)   

• Social richness (Lombard & Ditton, 1997).  

 

Finally, other features of the media important to guarantee Presence are their degree of conveyed 

transportation (Slater et al., 1994; Green & Brock, 2000; Escalas, 2007; Tal-Or & Cohen, 2010) and the 

nature of the task (Sheridan, 1992).  

 

Media form and contents are stimulus-driven, objective, bottom-up elements that can be controlled 

through design. Because of this, they represent the spectrum of variables on which creators and designers 

can act in order to help elicit Presence in users. 

 

Mediation and Sensory Bandwidth  
 

In order to feel present in an environment we need our senses to confirm us that the set of stimuli we are 

experiencing are in tune with the information we receive from the world we see (Seth et al., 2012). When 

we use a VR headset, we perceive at the same time two different environments: the real and the simulated 

world (Steuer, 1992). Because of this, being immersed in simulated spaces gives rise to a contest between 
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stimuli and cognitive abilities pertaining to the natural vs. the synthetic worlds (Grigorovici, 2003). From 

the result of this contest depends Telepresence, which thus requires that the simulated environment is 

recognized as more salient than the real, external, one (Nunez & Blake, 2001).  

 

Lombard & Ditton (1997) defined Presence in VR as the “perceptual illusion of non-mediation”, where 

“perceptual” refers to the real-time feedback to our senses and to our cognitive and affective systems 

(Ijsselsteijn & Riva, 2003). A degree of abstraction and self-awareness that requires viewers to 

successfully deceive the broadest number of senses into the virtual world (Kim & Biocca, 1997). 

 

The importance of achieving non-mediation has also been stressed by Schuemie et al. (2001) who 

describe telepresence as VR users’ failure to acknowledge the role played by technology in the simulated 

experience. Similarly, Slater & Wilbur (1997) prescribe that, in order to be immersive, a medium should 

foster inclusiveness and extensiveness. Where extensiveness measures the sensory bandwidth covered 

by the VR technology and inclusiveness the extent to which viewers can become estranged from reality. 

Reaching such a high level of alienation, however, is recognized by both Schuemie et al. (2001) and 

Slater & Wilbur (1997) to be quite unlikely. Indeed, reaching such a level of abstraction for which users 

would totally ignore the mediation of technology, cannot be achieved by any current VR headset, since 

the sole weight of the virtual reality headset would probably remind users of the external world.  

However, both researches (Schuemie et al., 2001, Slater & Wilbur, 1997) also found that, although people 

under VR will always, to some extent, be aware of the technology, non-mediation and thus Telepresence 

can nonetheless be achieved, that is even with less-than-perfect inclusiveness. Because of this, rather 

than based on media characteristics only, Telepresence should always be assessed by the achieved level 

of subjective abstraction, having the users indicate to what extent they acknowledged the role of 

technology while in VR (Schuemie et al.2001) 
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Quality and Realism 
 

Together with the degree of mediation (un)awareness and absorption allowed by a given VR technology 

one should also consider the quality, or vividness, of the sensory experience provided by its contents. 

Vividness has been described by Sheridan (1992) as “fidelity of multimodal display” and by Steuer (1992) 

as the “…representation richness of a mediated environment as defined by its formal features…”. 

Stimulus driven, the vividness of a virtual environment has been found being in a steady linear relation 

with social Presence (Fortin & Dholakia, 2005). This relation confirmed the previous findings by Slater 

& Wilbur (1997) which also reported how stimuli’s pictorial realism, the field of view employed to 

present contents and a high reproduction fidelity of physical laws, would lead to an increased feeling of 

Presence for the viewer. In this framework, Slater & Wilbur (1997) describe vividness as “…richness, 

info content, resolution and quality of the display…”. 

 

Vividness has also been described in terms of sensory breadth and depth of media content (Steuer, 1992; 

Fortin & Dholakia, 2005). On one hand, the sensory breadth refers to the juxtaposition of sensory stimuli, 

or, better, as what has been already described in the previous section as sensory bandwidth. On the other 

hand, the sensory depth, or media richness (Fortin & Dholakia, 2005), is concerned with the quality and 

resolution of the stimuli.  

 

While recognizing the role of both breadth and depth in his model of Presence, Steuer (1992) considered 

the first one as more determinant for Presence. However, in their 2001 paper, Schuemie et al., extended 

Steuer’s research by reviewing fifteen publications that, similarly recognized vividness as one of the 

main components needed to ensure Presence.  The conclusion of this research was a new framework, in 

which Schuemie et al. (2001) presented an expanded definition of Steuer’s (1992) vividness by giving 

more importance to sensory depth. A pivotal role is therefore given to content characteristics such as: 

visual detail, field of view, the reproduction of movement as well as sound, tactile and olfactory cues.  

 

Whilst vividness is concerned with quality, another important aspect to consider regarding media contents 

is the degree of fidelity, or realism, conveyed to the user. Realism is about inferential thought, formulating 

expectations from our experience and past learnings on a given context (Nunez,2004) that serve as 
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personal check for perceptual and social realism (Lombard & Ditton, 1997). For Baños et al. (2000) 

realism is necessary to induce people to that “willing suspension of disbelief” (Steuer, 1995) necessary 

to achieve Presence. We find realistic what satisfies our expectations, our requirements of causality and 

learning (Nunez, 2004). These expectations, specific for each person, require from a given context and 

behavior to provide specific sensations and physical consequences (Baños, 2000). This means that, as 

also underlined by Mantovani & Riva (1999), reality’s objectivity should not be based on appearance but 

rather on that functionality and ecological validity which eventually lead us to feel Present. That the 

space and time around us is in relation to us and our actions. (Mantovani & Riva, 1999). 

 

Realism and Presence are then correlated. However, as Baños et al. (2000) remind, expressing a positive 

judgement regarding realism does not always imply being Present, meaning that the perception of realism 

and Presence may be disconnected. In fact, it is possible not to experience Presence even in the most 

immersive environment if it misses our personal requirements of realism. The conclusion, is that we can 

witness reality, for example while watching TV, without necessarily feel present, as well as feel present 

while playing a video-game even though we do not recognize it as being realistic.  

 

Interaction and control 
 

Another element of Presence related to media characteristics that we want to consider is the level of 

interaction and control that users can exert on the mediating technology. When considering a mediation 

technology such as VR, interactivity can both refer to users’ direct interaction with the machine or, 

through the medium, with other humans (Fortin & Dholakia, 2005). As it is happening with many 

traditional PC video-games, VR allows for both levels of interaction, making it possible to have proper 

work meetups in the virtual space well as to simply interact with the technology for instance, to merely 

explore the virtual environment. Different VR technologies allow users different levels of interaction: all 

the way from just scrutinize a 360° visual environment as an observer, up to physically move in the 

virtual space and get sensory feedbacks from our actions.  Having said that, however, we should also 

note that the level of interactivity we experience with a given technology often does not depend on its 

characteristics but rather on the use we make of it (Fortin & Dholakia, 2005). For example, while some 
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computer applications - such as those offering us a movie to watch at- don’t require nor allow users to 

be interactive, others -such as social media or video games- push interactivity to its greatest. 

 

The importance of interactivity for Presence and its effect on how we perceive information has been 

discussed in the years by more than one author.  Witmer & Singer (1998) as well as Nicovich et al. (2005) 

and Steuer (1992) placed it at the side of vividness and realism as founding variable in order to achieve 

Presence. To these Sheridan (1992) added interactivity and control to define his five-variables crucial to 

obtain telepresence.  

 

For Slater & Wilbur (1997) interactivity is the viewer’s power to influence the “unfolding of the events” 

in the mediated environment. Similarly, Steuer (1992) framed interactivity as referring to users’ ability 

to change in real time the media form and the contents of a mediated experience. According to Steuer 

(1992), interactivity in mediated experiences can be classified according to three variables: range, speed 

and mapping. The range of interactivity depends on the number of variables that can be changed by the 

user and the degree to which this can be achieved.  Speed refers to the contents’ ability to adapt to users’ 

actions: the faster the adaptation, the less the experience will appear mediated; fast enough, and the user 

will experience it as “real-time”. Finally, mapping is about the system’s ability to react to users’ inputs 

in a natural and predictable way. Steuer’s definition of mapping is similar to Slater & Wilbur’s (1997) 

concept of matching, which refers to the medium’s feedback to users’ actions. For example, while 

impersonating an avatar in the virtual world, we would expect that - by shaking our hand - we will observe 

a similar action performed by our alter-ego. Seeing him jump, instead, would be quite random and 

meaningless. The smaller the “lag” between movements and effects, and the higher the predictability of 

their consequences, the more users are likely to feel immersed (Slater & Wilbur, 1997)  

 

Another point to consider is the role played by the interacting viewer inside the mediated environment. 

Indeed, the point of view of the user can be either egocentric or exocentric (Slater & Wilbur, 1997), 

meaning one might experience the virtual environment either as a participant or as a spectator. For most 

Virtual Environments, the case is to have users embody digital selves and, thus, adopt an egocentric point 

of view.  
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Finally, the importance of interactivity has also been stressed by the “cultural view” about Presence 

developed by Mantovani & Riva (2000). According to them, Presence in mediated environments is 

fostered -above all- by users’ ability to act and experience realistic interactions that have the highest 

resemblance to real worlds’ ones.  

 

Transportation 
 

Transportation -also referred to as absorption, involvement, immersion, engrossment or engagement- can 

be quite advisedly seen as one of the most, if not “the most”, recognized determinant of Presence by 

literature (Slater et al., 1994; Green & Brock, 2000; Escalas, 2007; Tal-Or & Cohen, 2010).  

 

Transportation has been defined as objective measure of the level of psychological immersion and 

involvement that the contents and narrative of a medium is able to elicit in viewers (Slater & Wilbur, 

1997). According to Green and Brock (2000) being immersed in a story, as well as into a virtual 

environment, creates a mental flow which can temporarily detach us from perceiving the real world.  A 

mental simulation combining “attention, feelings and imagery” (Green & Brock, 2000) is likely to 

achieve transportation. 

 

The higher the level of transportation, the more viewers will devote their mental and emotional efforts to 

decode and understand the contents they are presented with (Tal-Or & Cohen, 2010). Because of this, 

transportation can be seen as a “message frame” (Wang & Calder, 2009) that fosters the depth of 

information processing, learning and recall (McFerran et al. 2010).  Attention -and mediation awareness 

at the same time- are respectively positively and negatively correlated with transportation (Tal-Or & 

Cohen, 2010).  

 

The achievement of transportation in viewers has been observed to be linked both ways with many of 

the media-form variables presented until now. High levels of medium directiveness (Tal-Or & Cohen, 

2010), sensory absorption (Kalawsky, 2000) and interaction (Slater & Wilbur, 1997) do indeed correlate 

with increased transportation. Also, transportation can be achieved through contents, ensuring quality of 

narration and imagery (Brechman & Purvis, 2015). Moreover, viewers can become absorbed by being 
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enabled to become active participants of the narration (Oatley, 1999), empathizing and becoming 

identified with the story and its characters (Green & Brock, 2000). Finally, absorption also greatly 

depends on technology’s ability to gain the full attention of the user (Baños et al, 2004). By getting it, in 

spite of being characterized by low levels of interactivity and sensory absorption, books narrating great 

stories have the power to absorb us to the highest levels.   

 

Transportation has also been correlated with the ability to persuade. Meaning that the most absorbing 

stories and narratives also have the power to persuade and convince viewers to take actions and change 

behaviours (Tal-Or & Cohen, 2010). This happens through the simultaneous elicitation of strong 

affective reactions (Green & Brock, 2000) and the reduction of critical thinking abilities (Escalas, 2004) 

at the basis of our evidence-based approach to contents (Brachman & Purvis, 2015).  

 

About transportation, Wang & Calder (2009), underline that it has the potential to increase advertising 

effectiveness by increasing viewers’ perception of the ad. It does so by providing an enhanced feeling of 

realness and enjoyment (Escalas, 2004), by reducing cognitive response (Green & Brock, 2000) and 

through a sort of self-referencing effect (McFerran et al., 2010) in the most involved users. Indeed, by 

fostering Presence, transportation can make viewers imagine the hypothetical future presented by the ad 

in greater detail, thus exploiting their availability heuristics (Tversky & Kahneman, 1982) and inducing 

them into errors in their judgements regarding likelihood. Finally, McFerran et al. (2010) also found how 

the more transported we are in the narrative of an ad, the larger the focus we pose on the positive sides 

of its message.  

Siding the positive effects of transportation on advertisement effectiveness, Brachman & Purvis (2015) 

underlined how the reduction of our evidence-based approach to contents due to transportation can 

negatively affect brand awareness. This happens because in adverts endowed with the most engaging 

narrative, branding elements often fall into the pile of what our minds consider exuberant information 

and, as such, end up discarded by our memory. However - balancing this negative note on brand recall - 

we should also consider how absorption can lead to increased enjoyment of contents (Green & Brock, 

2000) and thus to an overall positive attitude towards the ad (Escalas, 2004). 
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In conclusion, also due to its correlation to many other variables of media characteristics, transportation 

can be seen as “primus inter pares” among the other variables contributing to Presence. However, while 

deemed to be positively correlated with understanding and persuasion (Green & Brock, 2000), research 

has continued underlining how the latter still mostly depend on individuals’ attitudes (Brachman & 

Purvis, 2015) which will be considered in the following sections. 

 

Summing up on media characteristics 
 

In spite of having been presented as separate components of media characteristics, interactivity, quality, 

mediation and transportation are interrelated variables that mutually mediate each other and foster 

Presence. Being all attributable to objective characteristics of the mediating technology, they elicit 

telepresence through bottom-up elements and can –at least in part- be controlled through the design of 

the technology and its applications.  

 

To elicit Presence in users, the level of mediation used by the technology should be reduced to a 

minimum. Directness can be achieved by involving users’ senses at their most, pushing for abstraction 

and reduced levels of self-awareness (Kim & Biocca, 1997). Therefore, a good Presence-fostering 

technology is one that we experience in its contents but we do not perceive as being in action (Schuemie 

et al., 2001). At the same time however, beside the technology-form, great care should also be put to 

ensure message appeal, quality and realism of contents and level of narration and imagery. Indeed, in 

order to become present, we need having assessed the context presented to us as realistic and matching 

our expectations matured from past experience (Lombard & Ditton, 1997). Moreover, Presence is 

fostered by allowing the user to take an egocentric point of view, interacting with the medium and 

receiving feedbacks.  

 

Finally, we should consider transportation. Holding a “primus-inter-pares” position among the other 

variables analyzed at the system characteristics’ level, it is influenced at the same time by medium form 

and contents. Transportation bridges across systems characteristics and users’ predispositions. This 

happens because while technology and contents’ ability to have the user psychology immersed essentially 

depend on their design, individuals’ characteristics inevitably influence one’s perception. For example, 
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a greater predisposition to self-identification into the digital alter-ego has been proven to increase the 

level of absorption (Green & Brock, 200). Because of this, to complete our overview on what fosters 

Presence, in the next chapter we will explore how different user characteristics can be determinant to 

achieve Presence. 

 

User characteristics 
 

Understanding the structural drivers of Presence entails referring to the individual characteristics of users 

and their subjective ways to experience mediated information. Differently from the objectivity of media 

characteristics, which are embedded in the architecture of the mediating technology, structural 

components depend from an array of cognitive, demographic and social variables that mostly fall outside 

the spectrum of what can be dealt with design.  

 

Among the main structural factors for Presence investigated by literature are: 

• Demographic traits - such as gender, motivations and interests (Steuer, 1992; Baños et al., 2004; 

Nicovich et al., 2005; Lombard & Ditton, 1997; Ijsselsteijn & Riva, 2003); 

• Individual attention levels (Slater et al., 1994; Witmer & Singer, 1998; Grigorovici, 2003); 

• Emotional response to contents (Tal-Or & Cohen, 2010; Baños et al., 2004;).  

 

The autobiographical effect of VR should be considered too, leading users to often identify and empathize 

with digital characters and alter-egos within the narration (Slater & Usoh, 1993; Schubert et al.,2001; 

Tal-Or & Cohen, 2010; Escalas, 2007; Nicovich et al., 2005) 

 
Gender differences  
 

Although the purpose of this research focused as it is on the characteristics of the medium, is not to 

investigate into the way that human psychology or demographics can influence mediated experiences, a 

brief mention should be made of the role played by gender differences on information processing.  
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In their paper, Meyers-Levy & Maheswaran (1991) investigated how gender differences can affect the 

processing of advertisement messages. The study, conducted on forty-five participants, found out that 

females tend to perform a more detailed elaboration of contents presented to them, leading to a higher 

predisposition of reacting to message claims. On the other side, males appeared to be more driven by the 

overall theme or mood of the piece of contents to which they were exposed to. Because of this, their 

processing would be more based on macro-associations elicited by the overall message rather than -as it 

was the case with women – on the elaboration of details embedded in the contents. However, the authors 

were keen in pointing out that such gender differences might disappear when switching from a free-

watching setting to one were subjects exposed to advertising contents are given a task pushing them to 

ensure a detailed-oriented attention.  

 

Similarly, in two experiments investigating gender differences, Meyers-Levy & Sternthal (1991) also 

found evidences of gender discrepancies affecting product judgement. These authors too concluded that 

women display a lower threshold than men in recognizing promotional message cues and in using them 

to understand implications and formulate judgements regarding a given product. This implies that – all 

things equal - women are able to produce and access a more complete structure of thoughts around an 

advertised product than men are (Meyers-Levy & Sternthal, 1991). At the same time however, such a 

difference rapidly attenuates when cues are deliberately brought to the attention of viewers, so that their 

attention threshold is lowered. For Meyers-Levy & Sternthal (1991) such manipulation can be performed 

by acting on message characteristics as well as on the task provided to viewers. 

 

Similar results on product judgement were also found by Darley & Smith (1995), who concluded that 

women show a more comprehensive approach in their subjective and objective evaluation of 

advertisements’ claims, which makes them better than men at catching subtler pieces of information 

included in advertising contents. (Darley & Smith, 1995). On the contrary, men - more reliant on 

heuristics - would instead tend to focus on just some pieces of information and to generally be more 

reactive to objective claims only (Darley & Smith, 1995). These findings are in tune with previous ones 

by Nicovich et al. (2005), according to whom women would be in general more visually oriented than 

men and thus more accurate in understanding non-verbal elements.  For Nicovich et al. (2005) this would 
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also mean that men and women experience Presence in different ways. Indeed, where women become 

present mainly through sight, men do so through interaction (Nicovich et al. (2005). 

 

Finally, Prakash & Flores (1985) structured their research on uncovering how the format of advertising 

can differently affect men and women. To his end these authors say one should not consider the biological 

gender of subjects, but rather the gender they perceive as their own. In fact the way individuals process 

external information strongly relates to the degree they find it matching with their perceived sexual 

identity. Applying this framework to marketing, for example, would require advertisers to assess the sex-

role perception of the promoted product, or brand, and control for stereotyping in order to ensure 

matching with the targeted audience (Prakash & Flores, 1985). 

 

Identification and empathy in virtual reality 
 

When it comes to virtual reality, the importance of gender acquires an additional level of relevancy. This 

because, transcending viewers’ identity, gender also has to do with the embodiment and identification 

effect experienced by users becoming digital alter-egos in the virtual world.  

 

Identification and embodiment have been identified by many as variables that lead to Presence. For Slater 

& Wilbur (1997), in order to be immersed in the virtual world, viewers need to see in it a representation 

of themselves mediating their perceptual experience. However, complying with this requirement only 

would not be enough to ensure that a viewer becomes Present: to identify with their digital alter ego 

viewers should be able to assume its point of view (Slater & Wilbur,1997). In this way, viewers become 

present and will literally feel “there”, having the realistic impression of being able to move in the virtual 

environments through their alter-egos. This requirement for identification with one’s digital self has also 

been stressed by Slater & Usoh (1993) and Schubert et al. (2001) who place identification at the side of 

quality and interaction when postulating their key variables for Presence.  

 

Looking at the identification effect, Tal-Or & Cohen, (2010) also described how -by modifying the 

valence of characters in the narrative plot- one could induce viewers into different levels of identification. 

For these Authors, identification refers to the relationship that viewers establish with characters in the 
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narrative. Because of this, for example, while potentially beneficial to the level of transportation, having 

negatively characterized characters -such as negative heroes- included in the narrative, might end up 

generating reduced levels of Presence, because viewers will be discouraged from identifying with such 

negatively connoted characters.  

 

If – instead - the valence matching is positive and identification successfully achieved, viewers can 

sometimes become so immersed and identified with their alter-egos that - together with their avatar’s 

point-of-view - they can acquire its attitudes, beliefs and goals (Tal-Or & Cohen, 2010). This might 

ultimately lead to such a high level of empathizing that users start experiencing real-world physical 

manifestations of the emotional state their avatars are inside the virtual environment (Tal-Or & Cohen, 

2010). 

 

According to Nicovich et al. (2005), for both men and women, empathy would be strongly related with 

Presence, meaning that individuals with a higher empathic tendency would also most probably 

experience higher levels of Presence.  For Nicovich et al. (2005) empathy can be both innate or developed 

in time, and can be separated into trait and state; where trait empathy refers to feeling someone else’s 

emotional state, state empathy is about one’s ability to project himself into someone else’s psychological 

point of view. In virtual reality, empathizing doesn’t even require fantasy, since the viewer is “forced” 

into the avatar’s perspective (Nicovich et al., 2005).  

 

In conclusion, and getting back to gender, Eisenberg & Lennon (1983) focused on uncovering empathic 

differences among individuals by controlling for gender. The two researchers presented a framework in 

which they draw the conclusion that the empathic predisposition of men and women differ, in favor of 

females. According to Prakash & Flores (1985) the higher empathy attributed to women emerges from 

years of research reporting women’s tendency to be more sympathetic, emotionally responsive and with 

a general higher predisposition for interpersonal relations (Prakash & Flores, 1985). To Prakash & Flores 

(1985) these gender-driven differences could be explained by socio-biology, upon considering the role 

of women as mothers required to empathize with their offspring.   
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Then, the two concepts of empathy and Presence are closely linked, since they both require users to 

immerse themselves into the narrative, and they are both about the idea that people can experience 

feelings and emotional reactions towards fabricated environments and characters. Because of this, we 

cannot conclude our analysis of the structural elements of Presence before delineating the relationship 

between emotions, immersion and Presence.  

 

 
Emotions and Immersion 
 

Brief, phasic mental states that spur from our cognitive assessment of what surrounds us (Chamberlain 

& Broderick, 2017), our emotions affect the way we perceive and understand the world. What we learn 

and the way we remember things we have experienced in the past, greatly depends from the emotional 

state we were in. Because of this, the relationship between immersion, Presence and emotions has been, 

in the years, of great interest to many researchers.  

 

According to Grigorovici (2003), arousal, which indicates our bodily activation in response to a stimulus, 

provides a good measure of Presence. In particular, by being able to control phasic arousal, meaning 

short-term variations of the arousal level (Groeppel-Klein, 2005), one would increase the chances that 

viewers will rate favorably a piece of contents (Grigorovici, 2003). Moreover, from particularly 

emotionally loaded contents, viewers would experience a transfer of arousal to their own emotional state. 

This effect, increased by lower mediation awareness, would also affect their cognitive abilities and, 

ultimately, the way viewers process information (Grigorovici, 2003). 

 

In their study on immersion and emotional responses, Visch et al. (2010) had a group of viewers exposed 

to media contents (in 2D and 360°) to self-assess their emotions, placing particular attention to sadness 

and fascination. Results showed that the higher the level of immersion, the more emotions induced by 

the film were boosted, independently of their valence. To Visch et al. (2010) arousal appeared to be what 

mediates between immersion and emotion. This result confirmed previous findings by Tal-Or & Cohen 

(2010), who had reported that message effectiveness and immersion would depend from how much 

emotionally invested viewers are whilst experiencing a piece of contents. 
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Following to the work of Freeman et al., (2005), several authors (Parsons & Rizzo 2008; Baños et al. 

2008; Price et al. 2011; Diemer et al. 2015) reviewed the use of immersive technologies - such as virtual 

reality - in phobia treatment therapies. For these authors, the mediating effect of arousal could explain 

why strong emotional states - such as anxiety and fear - have been typically easier to reproduce in 

immersive environments while other, less arousing, emotional states - such as happiness and relaxation 

- have not been elicited with the same success-rate (Diemer et al., 2015).  

 

Emotions and Presence 
 

While arousal and immersion have extensively been put in relation, a review of previous studies in 

exposure therapy by Diemer et al. (2015), showed that scholars often fail to demonstrate a definitive 

mediating effect between immersion and Presence played by emotions. For Diemer et al. (2015), 

Presence is necessary to stimulate emotional reactions in viewers. However, this relationship does not 

work in reverse. Indeed, also Baños et al. (2004,2008,2012), who extensively studied the relationship of 

various emotional states with Presence, got contradicting results. In their research, among sadness, joy 

and relaxation, only the first was successfully correlated with Presence, whereas joy and relaxation were 

recorded even in settings achieving low levels of Presence in viewers. Moreover, Baños et al. (2004) also 

reported evidence of how, in cases where contents lack emotional load, immersion can effectively fill 

this void and help foster Presence this way proving that the mediation of emotion in order to obtain 

Presence is not really necessary.  

 

In an attempt to clarify why Presence has been observed to correlate only with few emotions, Freeman 

et al. (2005) express their view that - while the existence of a relationship between Presence and emotions 

is confirmed, it only occurs when users find contents to be arousing. For Freeman et al. stimuli cannot 

be designed to be arousing per-se, therefore Presence would depend from viewers’ personal attention 

levels, which in turn depend from their assessment of relevance and significance of contents they are 

offered. Siding this view, Diemer et al. (2015), define Presence as a subjective concept, which can be 

assessed only as users’ subjective measure of an experience. Presence would then be independent from 

technology itself, which could only influence the degree of transportation. (Diemer et al., 2015). Because 
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of this, in order to measure Presence, self-reported data should be preferred over physiological ones since 

the latter, being directly linked to emotional arousal - could bring to a “confound of Presence and 

emotion” (Diemer et al., 2015).  

 

Finally, an alternative view has also been proposed by Seth et al. (2012) with their interoceptive 

predictive coding model. In this framework, Presence would depend on our constant effort in predicting 

future emotional states that we evaluate fit to the context in which we are immersed. For example, while 

watching a horror movie, viewers that expect spooky scenes would probably formulate predictions 

regarding fear. Presence would then be achieved with the realization of the prediction, which will make 

the viewers experience the emotional load of their prophecy. 

 

VR and Emotions 
 

Although more advanced immersive technologies can involve sensory feedbacks for users at the touch 

and smell levels, most modern VR headsets reach viewers through sight and hearing only. Many authors 

- through the years - have been researching whether this limited involvement is enough to elicit emotional 

reactions in viewers.  

 

In their study, Schuemie et al. (2001) presented positive results proving how, as it happens with real 

world experiences, virtual environments are able to be emotionally arousing too. Their research, based 

on presenting viewers with settings characterized by phobia-related cues (such as heights), showed that 

viewers confronted with their fear in a virtual world had observable emotional reactions. In these settings, 

Presence scored as best predictor of fear, resulting positively correlated with the intensity of emotional 

reaction (Schuemie et al., 2001). Similarly, Estupiñán et al. (2014) tried to elicit emotional reactions in 

viewers by presenting - in VR - pictures from the Geneva Affective Picture (GAPED) database designed 

by the Swiss National Centre of Competence in Research. They compared benchmarked valence and 

arousal scores of these pictures with the results obtained from viewers’ self-assessment. A positive 

increase of arousal in viewers was recorded to occur for all the images presented in VR. Interestingly, 

for pictures characterized by negative valence -such as those of dangerous animals- viewers even 

reported more negative valence levels than those found in GAPED benchmarks. A similar research, by 
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Macedonio et al. (2007), focused on virtual environments (VE) designed to induce anger and measured 

immersiveness and physiological arousal through heart rate, skin conductivity and temperature. 

Interestingly, their results proved that VE can be psychological arousing in self assessments by viewers 

but that no great changes where observed in physiological data recorded through galvanic skin response 

measurements.  

 

 

VR and Presence through Emotions 
 

As for other mediated experiences, research produced mixed results about the correlation of Presence 

and emotions in virtual reality. Riva et al. (2007) conducted a study in which sixty-one participants were 

shown three kinds of virtual environments designed to – respectively – elicit anxiety, promote relaxation 

or neutral. The purpose of this study was to test whether VR can be designed to induce specific emotions 

in users and whether a causality link existed between emotions and the feeling of Presence.  After viewing 

one of the selected scenarios, participants were asked to self-report their emotional reactions to the 

experience, which was then compared to baseline values collected by researchers before the experiment. 

Results showed how the relax and anxiety- provoking environments had the desired emotional effect on 

viewers and how, due to such emotions, viewers also experienced higher levels of Presence. The 

relationship between arousal and Presence was found to be two-sided, with both states reciprocally being 

caused by the other (Riva et al., 2007). 

 

In opposition to these findings, Felnhofer et al. (2014) concluded instead that no correlation exists 

between Presence and emotional reactions in viewers. In analogy to Riva’s et al. (2007) approach, 

Felnhofer et al. (2014) too designed five different virtual environments to elicit as many emotional 

reactions (joy, sadness, boredom, anger and anxiety). Assuming that Presence was closely linked to 

emotional reactions generated by VR, the purpose of the study was to assess changes in Presence levels 

occurring across participants exposed to different emotion eliciting set-ups. To this end, physiological 

arousal was measured through galvanic skin response. Results showed that, although being able to elicit 

the emotions they had been designed for, the five VE did not differ for level of Presence experienced by 

viewers. Moreover -  in contrast with the findings of Baños et al.  (2004) and Riva et al. (2007) - Presence 
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levels didn’t change with the intensity and the type of emotional cue presented. Felnhofer et al.’s (2014) 

conclusion was –then - that Presence and emotions are not really related, and that GSR serves poorly for 

measuring Presence, since no difference in tonic arousal was recorded across the different emotional 

states.  

 

According to Diemer et al. (2015), the contrasting findings and conclusions of these studies about the 

link between emotion and Presence in virtual environments, might be due to the use by researchers of 

bottom-up perceptual cues only, embedded in contents. Indeed, Diemer et al. (2015), remark that many 

studies looking into phobias - for example - did not use any additional cues to presenting viewers with 

visual representations of their fears. Whereas a more effective alternative would have been to included 

top-down conceptual elements, for instance by using narrative elements supporting participants into 

contextualizing the contents they were exposed to. To test this hypothesis, Diemer et al. (2015) tested the 

power of perceptual elements over conceptual ones on different types of phobias and - in particular – on 

arachnophobia and claustrophobia (differing in the need or not of specific perceptual elements). Their 

results showed that, while for arachnophobia perceptual cues lead to higher measures of self-reported 

fear, in the case of claustrophobia no difference in reactions were observed in viewers exposed to 

perceptual and conceptual hints (Diemer et al., 2015). The authors’ conclusion is that, while arousal and 

Presence are most probably related, one should keep in mind how the level of Presence ultimately 

depends on user’s subjective experience, characteristics and point of view; and, as such, its measurement 

should be left to self-assessment. 

 

A final mention worth of thought should be made to Bailey et al. (2012) results. These authors, less 

concerned with the question whether VR experiences are physiologically arousing or not, focused their 

research on the effects to which arousal can lead. Their conclusion was that media with the power to 

immerse viewers, have a quite strong arousal-transferring effect which can play as a distractor and hinder 

memory and recall of the displayed contents (Bailey et al., 2012), This finding has to be carefully taken 

into account in the design of immersive contents, destined for example to commercial, educational or 

sensitizing purposes.  
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Summing up on user characteristics 
 

Structural drivers of Presence depend from the interaction between individuals’ characteristics with the 

mediation technology. Differently from the latter, user characteristics cannot be controlled through 

design since they consist in a series of cognitive, demographic and social variables. Complex as it is, 

understanding what happens in the user’s “black box” (Kotler & Armstrong, 2016) is not the purpose of 

this thesis. However, in order to better understand the variables implied in determining Presence we have 

discussed the effect of gender, emotions and identification.    

 

Part of our cognitive attitude in processing external information is influenced by our gender. For example, 

in reacting to an advert or a product, we have a higher predisposition to elaborate better what we 

recognize as matching with our own sexual identity (Prakash & Flores, 1985). In the context of mediated 

experiences, gender can influence the way we process embedded information (Meyers-Levy & 

Maheswaran, 1991) as well as the way we formulate judgements on what we see (Meyers-Levy & 

Sternthal, 1991). In this sense, females, which present in general a more comprehensive approach to 

contents (Darley & Smith, 1995), are also more details-oriented (Meyers-Levy & Maheswaran, 1991) 

and influenced by visual information (Nicovich et al., 2005) than men are. This means that, compared to 

men, women are better at catching advertising cues (Darley & Smith, 1995; Meyers-Levy & Sternthal, 

1991) and, consequently, also have a higher predisposition to react to adverts’ claims (Meyers-Levy & 

Maheswaran, 1991; Meyers-Levy & Sternthal, 1991).  On the other hand, males appear more focused on 

the overall theme or mood of what they see, elaborating macro associations (Meyers-Levy & 

Maheswaran, 1991), and making use of heuristics to extract meanings (Darley & Smith, 1995). These 

differences lead to different ways for men and women to become Present in mediated experiences. Where 

men are more dependent from interactions, women mainly rely on sight (Nicovich et al. (2005). 

 

Another important variable to be considered when talking about Presence in mediated experiences is the 

ability of viewers to identify with their digital alter egos (Slater & Usoh, 1993; Slater & Wilbur, 1997; 

Schubert et al., 2001).  This ability of embodiment depends on the “valence match” that users recognize 

in characters (Tal-Or & Cohen, 2010) as well as from individuals’ predispositions to empathizing 
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(Nicovich et al., 2005); for the latter, an unbalance in favor of women was found again (Eisenberg & 

Lennon, 1983).   

 

Finally, emotions and arousal. The connection between arousal, emotional valence and Presence in 

mediated experiences has been long studied by many in search of a clear causality link. However, quite 

often and for a series of reasons that in most cases transcend from the mediation technology per-se, 

different individuals can present very different emotional reactions to the same piece of contents. Because 

of this, generalizations are hard to make, leaving the scope of research focused on whether mediation 

technologies such as VR can be arousing and whether arousal and emotions are cause or effect of 

Presence. Where most agree that VR can indeed be arousing (Riva et al., 2007; Felnhofer et al., 2014) 

and that arousal can be considered a good measure for Presence and vice-versa (Grigorovici, 200; Riva 

et al., 2007; Visch et al., 2010; Diemer et al., 2015), the link between emotional valence and Presence is 

still not clear. For Diemer et al. (2015) Presence is a requirement for experiencing emotional reactions 

in mediated experiences. However, having said so that, no clear evidence of causality between emotions 

and Presence has yet been found. (Baños et al. 2004,2008, 2012; Felnhofer et al., 2014). This leads us to 

conclude that, since individuals differ as to what they consider arousing, providing an arousing stimulus 

cannot be sufficiently controlled through design and - because of this - emotions and arousal should be 

included among other users’ variables relevant for Presence.    
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Defining Neuromarketing 
 

"Neuromarketing is an interdisciplinary field of science that uses various tools traditionally used in 

medicine, psychiatry and psychology on neurofeedback, biofeedback and metabolic processes measures, 

in conjunction with traditional marketing tools in the search to better understand the most diverse types 

of emotions, cognitions, physiological reactions, behaviours and thoughts of economic agents, both 

conscious and unconscious related to typical issues of Marketing and its various sub-areas" (de Oliveira 

& Giraldi, 2017) 

The complexity of the human mind is such that we often feel empowered by knowledge and perfectly in 

control of what we think and decide, when in truth much of what we are and we feel actually is outside 

of our cognitive reach. Affected by heuristics, instincts and biases, we are not specimens of homo 

economicus but “just” humans (Thaler, 2015). The decisions we take suffer from our “bounded 

rationality” (Kahneman, 2011) and, more than often, are far from perfectly rational and logical. Also, we 

can easily fall for automatic associations, priming stimuli and anchors (Cohen, Cavanagh, Chun & 

Nakayama, 2012) that, leveraging on our “system one” (Kahneman, 2011), lead us to enter emotional 

states and take impulsive decisions.  

 

If our own judgement can be influenced by the way alternatives are proposed to us (Sunstein & Thaler, 

2008) or our senses be tricked by the way stimuli are shaped, curved or coloured (Wolfe, 1998), even 

the the subject of our free-will becomes a slippery one. 

In this setting, traditional marketing research tools - such as focus groups and surveys - are inevitably 

affected by respondents’ cognitive limitations and biases (Ariely & Berns, 2010). The reason is that since 

human decisions often generate from unconscious reactions to external stimuli, behavioural and verbal 

measures cannot provide a full picture of what happens inside our minds (Wang & Minor, 2008) in 

between the moment of exposition to a stimulus and the following bodily reaction. Similarly, to situations 

when we have in mind concepts that we don’t know how to express in words, we often are not able to 

elaborate and say out loud the structure of thoughts that brought us to a specific psychological reaction 

(Wang & Minor, 2008). In marketing research this translates into the question how to ask somebody to 
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explain his/her feelings and, if he/she provides an answer, how to restrain the subject from altering his/her 

responses in order to appear smarter or more socially acceptable. 

 

To help the marketing researcher, psychophysiological indicators are a means to “clean the noise” by 

providing “a very basic, unbiased, and sensitive measure of an individual’s reaction to a stimulus” 

(Stewart & Furse cited in Wang & Minor, 2008). Hardly alterable by respondents, such indicators - 

identified through tested neuroscientific research methods-  can be applied to the world of marketing to 

limit the imprecision and unreliability of self-reported data inevitably biased by the perceptions and 

cognition of each responder (Ariely & Berns, 2010). The rise of Neuromarketing stems right from this 

need: the need of investigators to have more accurate and effective research tools (Lee et al., 2006) 

Neuromarketing can be defined as the application of neuroscientific methods, tools and findings to 

marketing-related inquiries (Touhami et al., 2011). By using “clinical information and biometric 

indications” to enter the consumer’s “black box” (de Oliveira & Giraldi, 2017), Neuromarketing can help 

us understand how his/her mind relates and works when presented with marketing stimuli.  

 

In their work, de Oliveira & Giraldi (2017) reviewed ten years of definitions of neuromarketing, from 

more than twenty different studies. Among them, some authors argued for neuromarketing being solely 

concerned with the study of the central nervous system (Pop & Iorga, 2012; Zurawicki, 2010), others 

classified it as a subcategory of the already developed field of Neuroeconomics (Gang et al., 2012; 

Hubert, 2010) or as being focused on understanding consumer behaviour only (Fugate, 2007; Morin, 

2011; Venkatraman et al., 2012).  

 

Truth is, that while - back in the 1990’s -the first neuromarketing studies such as that of Gerry Zaltman 

(1997) only focused on complex neurometric techniques by using functional magnetic resonance (fMRI) 

or electroencephalography (EEG), today’s neuromarketing research expanded making use of a much 

broader set of “biofeedbacks and metabolic processes” (de Oliveira & Giraldi, 2017). These represent 

other Physical manifestations of neural changes that can in fact be measured through, for example, the 

dilatation of the pupil, the heart rate, the blood pressure or sweat production (de Oliveira & Giraldi, 

2017). Each of these techniques has different uses in marketing research and can help academics better 
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understand, among other variables, human behavioural drivers (Touhami et al., 2011) and investigate 

complex decision processes in order to establish prediction models (Lee et al., 2006). In this way, new 

insights can be gained for marketing processes such as pricing, brand equity and new products 

development (de Oliveira & Giraldi, 2017).  

 

The limitations of Neuromarketing 
 

While exciting under many points of view, modern neuromarketing has still a long way to go before 

representing a major breakthrough from more traditional marketing research techniques (Sutherland, 

2007). For example, even highly sophisticated, modern neuroscience looking at consumers’ brain is still 

not able to tell with absolute certainty whether specific regions of our brains are involved in specific 

consumption choices (Ariely & Berns, 2010): the road researchers have yet to go before they might find 

the so coveted “buy button” in the human brain appears to be very long (Ariely & Berns, 2010). 

 

Disappointing to some as they are, these limitations in accuracy can be comforting for others, who are 

sceptical about neuromarketing. Indeed, in time, many academics and press have been raising concerns 

about the ethical implications of using neuroscience in consumer research (Lee et al., 2006). In their 

work, Murphy, Illes & Reiner (2008) reported how such concerns can be organized along two main lines 

of thought. On one side, there are those who worry about the negative effects that might affect individuals 

exposed to neuromarketing research. On the other, those who are instead more concerned about the effect 

that neuromarketing can have on consumers in general (Murphy, Illes & Reiner, 2008) 

 

This last issue refers to what the authors call “stealth neuromarketing” (Murphy, Illes & Reiner, 2008): 

the development of neuromarketing techniques to such an extent that consumers would be influenced in 

their decisions and nudged into behaviours without even realising it. Neuromarketing would then end up 

violating individuals’ autonomy and being able to influence consumers’ preferences in subliminal ways 

(Murphy, Illes & Reiner, 2008).  
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Anyway, and in conclusion, we should consider that today’s neuromarketing techniques have not yet 

become sophisticated enough to represent a concrete threat to ethics. To be better safe than sorry, the 

neuromarketing community could nonetheless follow Murphy, Illes & Reiner (2008) suggestion to take 

preventative measures ensuring the ethical development of future neuromarketing research. For these 

Authors neuromarketing should be a positive field of research, oriented to improving customers’ 

experience in a non-invasive nor harmful way (Murphy, Illes & Reiner, 2008). Because of this, 

companies resorting to neuromarketing should seek the collaboration of academics and neuroethicists in 

order to develop a shared code of ethics. Good neuromarketing research should therefore be conducted 

with transparency of goals and risks, always keeping in mind the interests and the rights of all involved 

subjects and society in general (Murphy, Illes & Reiner, 2008).  

 

Defining Arousal 
 
 
Many of the psychophysiological investigations most used in neuromarketing - such as pupillary 

response, electroencephalography (EEG), voice pitch analysis, brain imaging and electrodermal analysis 

(EED) – provide insights on an individual’s arousal level  (Groeppel-Klein, 2005; Wang & Minor, 2008). 

Arousal can be seen as our autonomic, unconscious bodily activation in response to emotionally loaded 

contents and defined as a person’s “level of alertness or activation on a continuum ranging from extreme 

wakefulness to extreme drowsiness” (Duffy; Humphreys and Revelle as cited in Chamberlain & 

Broderick, 2017). Arousal can be divided into two components: namely a tonic and a phasic one. Tonic 

arousal is an emotional state that can be prolonged over a series of seconds up to a  few minutes 

(Groeppel-Klein, 2005). It results from internal or external stimuli and - depending on person’s 

physiology - , different individuals can have differing responses in terms of tonic arousal for the same 

stimulus (Boucsein, 2012). Phasic arousal, instead, refers to a much shorter bodily activation in response 

to a specific stimulus: it implies a shorter variation of our emotional state and has a stronger influence 

on our motivational and decisional drivers (Groeppel-Klein, 2005). 

Due to  its shorter timeframe and easier attribution to a specific stimulus, phasic arousal is often targeted 

by neuromarketing research aiming at understanding consumers’ preferences and attitude toward 
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marketing stimuli. Arousal can actually give researchers hints on a person’s level of attention, interest, 

degree of motivation and familiarity (Lang, 1995) towards a given content. For example, measuring 

viewing times of different emotionally loaded pictures, Lang (1995) reported how a more familiar - and 

thus less arousing - stimulus, would generally lead to a quicker discard-reaction by the viewer. In this 

case, the only exception was observed for people suffering from particular phobias and presented with 

images recalling feared elements:  although highly arousing, these were processed and discarded very 

quickly (Lang, 1995). 

For Lang (1995) this effect would be due to the fact that human emotions are usually elicited within 

either of our two basic reaction systems: the appetitive or aversive one (Lang, 1995). Because of this, 

emotions are seen by the author as “motivationally tuned states of readiness” (Lang, 1995) that - through 

our senses and brains - prepare us to quickly react to inviting or threatening stimuli by undertaking 

linguistic, behavioural or physiological changes. Also, in this framework, what is arousing can change a 

little bit among different persons depending on personal motivations, fears and predispositions (Lang, 

1995). 

Not Only Arousal 

 
While insightful on the overall intensity of bodily activations, measuring arousal does not provide 

researchers with any indication about the connotation of an emotional reaction (Chamberlain & 

Broderick, 2017). Because of this, in studying the emotional responses of an individual, arousal is usually 

paired with the level of valence, which indicates the hedonic value of an emotional activation 

(Chamberlain & Broderick, 2017). According to Lang (1995), the concept of valence is the result of 

human linguistic predisposition to hierarchically organize emotions and - by giving a connotation to the 

generic arousal level - it helps to define more naturally specific emotional states.  

However, although widely accepted by most scholars, this two-dimensional framework for emotions has 

- through the years - been challenged by others such as Fontaine et al. (2007) who expanded the 

discussion arguing for the need of additional dimensions.  In particular, according to Fontaine et al. 

(2007) to better assess the emotional state of an individual, the perceived unpredictability level of the 
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stimulus and the degree of control exerted by the subject on his/her emotional reaction to it, should also 

be taken into account.   

 

Arousal in Marketing Research 
 
The importance of arousal and emotions for marketing research and their effect on decisional and 

behavioural responses has been stressed by many scholars (Holbrook & Batra, 1987; Olney et al. 1991; 

Batra & Athola, 1991; Damasio, 1994; Groeppel-Klein, 2005; Boucsein, 2012).  

As it applies to any other stimuli, viewers’ response to commercial advertisements has been proven to be 

affected by   elicited arousal levels (Singh et al., 1987). Indeed, arousal has been found to affect 

consumers’ attitude towards the ad as well as towards the brand (Holbrook & Batra,1987; Batra & Athola, 

1991). In fact - as proven by Olney et al. (1991) - the more viewers find a piece of advertising interesting, 

the more they get aroused and the longer they keep viewing the ad.  

Because of this, together with many other traditional indicators used in marketing, arousal should be kept 

in consideration when measuring advertising effectiveness. In their review of previous studies, Singh et 

al.  (1987) focused on the effects of arousing stimuli on advertising effectiveness and reported that a 

more arousing piece of contents would be positively correlated with recall and recognition, as it would 

increase the probability of leaving long-lasting memory traces in viewers’ mind (Singh et al., 

1987).  However, Singh et al. (1987) also note that this increased recall due to arousal could often be 

focused towards the physical characteristics of the product rather than other semantic elements crucial to 

advertising, such as branding information. This effect, labelled by Singh et al. (1987) the “Yerkes-

Dodson Effect”, would imply that higher levels of arousal may hinder the viewer’s cognitive span 

necessary to process information in depth.  

 

Moreover, about the link between behaviour and arousal, Singh et al. (1987) also make a reference to the 

transfer of arousal paradigm: emotional states can be transferred across contexts so that the arousal 

deriving from an emotionally loaded piece of contents may be transferred to a following stimulus (Singh 

et al., 1987). According to the authors, this effect would increase with the level of absorption experienced 
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by individuals so that, for example, advertisements placed in the middle of an emotionally arousing 

stimulus - such as a movie - would benefit from transfer of arousal more than ads shown during the first 

minutes of the film (Singh et al., 1987).  

 

This relationship between absorption and arousal transfer was also recorded by Pham (1992) who 

researched the advertising effectiveness of sponsorship elements placed in sports events. Similarly to 

what Singh et al. (1987) had noticed defining it the “Yerkes-Dodson Effect”, Pham (1992) too observed 

that higher levels of arousal and absorption, through enjoyed by the public, would hinder recognition of 

background branding elements. The rationale for which advertisements through background elements 

would work by mere exposition is is therefore discredited.   

 

Continuing on the relationship between arousal and advertising effectiveness, Calder et al. (2009), tested 

consumer engagement by web-based advertising elements. Where engagement is defined as 

enjoyment, and thus as positive arousal. The study was conducted by means of self-assessment methods, 

and its results proved a strong positive correlation between engagement and advertising effectiveness, 

measured as positive attitude towards the ad (Calder et al., 2009). Moreover, while pointing out that 

different users would ultimately get engaged through different pathways, Calder et al. (2009), , suggested 

that empowering viewers through interactivity and participation can have an additional positive effect on 

arousal and on the final attitude towards the content of an ad (Calder et al., 2009). The same effect that 

we encountered when dealing with Presence. 

 

Considering different levels of arousal  
 

According to Choi et al. (2016), when controlling for the effect of arousal and valence levels on 

advertising effectiveness, one should not forget to control as well for the origin of the emotional state 

experienced by viewers.  This because, for the authors, emotions would be the result of either the 

approach-growth or avoidance-security goals set by an individual (Choi et al., 2016). In this framework, 

positive emotions derive from the achievement of approach goals, are more heuristic in structure and 

lead individuals to lower levels of external attention (Choi et al., 2016). Also, positive emotions could 
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be associated to specific product’s attributes and, namely, to hedonic and performance ones (Choi et al., 

2016). Negative emotions, instead - such as those generated by the failure of approach goals - are more 

systematic and focused on either the elimination of the negative emotional state or the escaping an 

unpleasant context (Choi et al., 2016). In this setting, for Choi et al. (2016), while the level of arousal 

experienced by individuals is essential, one should also consider valence, since it would directly affect 

consumers’ needs and consumption goals. Indeed, in the results of their study, Choi et al (2016) found 

how while positive high levels of arousal can be correlated with a preference for hedonic product 

attributes, negative levels of valence make product attributes lose relevance.  

 

On the importance of valence and arousal intensity, another interesting point of view is offered by the 

work of Henthorne et al. (1993) who investigated the use of fear cues in advertisements. For the authors, 

the use of such  cues would be expediential to increasing viewers arousal levels and, consequently, elicit 

a call to action (Henthorne et al., 1993). However, for Henthorne et al. (1993), although intriguing, this 

use of tension elements in advertisements should be resorted to with caution since it is characterized by 

a very subtle threshold, after which fear elements would elicit anxiety rather than push for a positive 

response by viewers to the advertisement (Henthorne et al., 1993).  

 

Differently from Choi et al. (2016) and Henthorne et al. (1993), who focused their studies on highly 

arousing emotional states, Aaker et al. (1986) focused their work on the feeling of warmth. Again, with 

the purpose of studying the relationship between affect and cognition in measuring advertising 

effectiveness.  For the authors, the feeling of warmth is “a positive, mild, volatile emotion involving 

physiological arousal and precipitated by experiencing directly or vicariously a love, family or friendship 

relationship” (Aaker et al., 1986). Although of positive valence, the level of arousal associated with 

warmth is only moderate. In advertising content, warmth can be elicited by presenting viewers with 

scenes in which characters relate familiarly one with the other – i.e. father and son – as well as by making 

viewers themselves empathize (or positively directly relate) with a single character (Aaker et al., 1986). 

In a series of experiments measuring electrodermal skin activity , Aaker et al. (1986) tested with success 

the ability of warmth to physically arouse people and hypothesized a relationship to exist between this 

emotional state and advertising effectiveness. In particular, their results indicated a positive relation of 

warmth with purchase likelihood but not with recall (Aaker et al., 1986).  
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Finally, O’Neill & Lambert (2001) studied how emotions affect consumers’ reaction to pricing elements. 

Their results show how positively characterized emotional states - such as enjoyment or surprise - present 

a direct correlation with pricing reception while the opposite happens with negative emotions, such as 

disgust or distress (O’Neill & Lambert, 2001). Also, a positive relation was found between individuals’ 

psychophysiological involvement and their positive attitude and price-quality assessment of the 

presented product (O’Neill & Lambert, 2001). According to the authors, this effect would be due to the 

fact that a higher involvement would also imply a greater value assigned to product by the consumer. 

Finally, for O’Neill & Lambert (2001) more aroused customers would also have a greater chance of 

experiencing a surprise effect that, again, would improve their perception of pricing elements.  

 

In conclusion, the importance and effect of arousal for advertising effectiveness has been proven by many 

(Holbrook & Batra,1987; Singh et al., 1987; Batra & Athola, 1991; Olney et al., 1991; Pham, 1992; 

Henthorne et al., 1993; Calder et al., 2009; Choi et al., 2016). Absorption and engagement have been 

proven to be good for arousal and, consequently, for enjoyment and overall attitude to the advertisement 

(Calder et al., 2009); but they are bad for recall of branding elements (Singh et al., 1987, Pham, 1992). 

The elicitation of strong emotions such as fear may be useful to manipulate the level of arousal in viewers, 

but it should be resorted to cautiously because too much of them can bring to anxiety or overwhelming 

arousal (Choi et al., 2016; Henthorne et al., 1993). However, with their study on warmth, Aaker et al. 

(1986) also demonstrated that the elicitation of strong emotional states could be unnecessary, since mildly 

arousing emotional states - such as warmth -can positively correlate with advertising effectiveness and, 

in particular, with purchase likelihood.  
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Defining and Using Electrodermal Activity for research 
 
As a measurable indicator of attention, enjoyment, absorption, arousal and information processing, 

Electrodermal Activity (EDA) has long been proven to be quite useful for marketing research inquiries 

(Groeppel-Klein, 2005; Dawson et al. 2007; Wang & Minor, 2008).  

 

The rationale behind the measurement of electrodermal activity is that - in response to a stimulus - the 

human skin augments its electric conductivity, due to increased activity of the sweat glands and as a 

consequence of an autonomic nervous system activation. Sweat glands, which number around three 

million in our body, can be found with a higher density on the cheeks, forehead, feet, palms and fingers 

(iMotions, 2017) 

 

EDA can be evaluated by either measuring skin conductivity - by applying an electric potential to  two 

electrodes placed on it- or by measuring the natural electric potential of the derma. The first method is 

referred to as exosomatic while the second as endosomatic (Groeppel-Klein, 2005). Also, EDA can be 

measured in terms of skin resistance or conductance, depending on whether the current or the voltage 

applied are made vary (Dawson et al. 2007). According to Groeppel-Klein (2005) employing an 

exosomatic method is preferred since it is more practical and safe: subjects to be tested only need  having 

electrodes placed on their skin, with no need for any pre-treatment. Most studies employing EDA have, 

to date, employed exosomatic methods based on skin conductance level (SCL) and skin conductance 

response (SCR), which have therefore become the standard in modern research (Dawson et al. 2007).  

 

For our experiment, we too have employed an exosomatic method of recording for SCRs peaks detection.  

 

Using Skin Conductance Level & Skin Conductance Response 
 

The SCR and SCL respectively refer to the already described levels of phasic and tonic  arousal; therefore 

SCR corresponds to a small portion only of the EDA increase “waves” following to arousal (Boucsein, 

1992). Differently from SCL, which depends from the overall psychological state of a subject, a SCR 

peak can often be attributed to a specific cause, such as the presentation of an emotional arousing 
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stimulus. Because of this, SCR measurement is widely employed in studies using discrete or event based 

stimuli (Dawson et al. 2007). 

 

Parameters most used by scholars measuring SCRs, are frequency and amplitude of SCR peaks . 

According to Boucsein (1992) -once that recordings across participants have been standardized - the 

mean of peaks amplitude and frequency can be used in studies where more subjects are exposed to the 

same stimulus. 

 

In using SCRs frequency and amplitudes one should put particular attention not to allow for any 

confusion between these two variables, since they do not always co-vary (Dawson et al. 2007). This, for 

example can become an issue when calculating the mean amplitude for a given stimulus across different 

subjects, since the N used can vary dependably on the number of valid responses. Because of this, in 

order to avoid cofounding, distinct analyses of frequency distribution and amplitude are recommended 

(Dawson et al. 2007). 

 

For our experiment, we calculated frequencies and amplitudes of SCRs over time 

 

How to perform EDA measurements 
 

In order to record EDA through an exosomatic methodology, two electrodes are placed on the skin of the 

tested subject. According to Dawson et al. (2007), the most common and effective locations where to 

place such electrodes are “the thenar eminences of the palms, and the volar surface of the medial or distal 

phalanges of the fingers” (Dawson et al., 2007). In performing the application of the electrodes no 

particular pre-treatment of the skin should be done since any alteration -as for example one caused by 

the chemical agents of a soap-  could potentially alter the recordings. The non-dominant hand of the test 

person should be preferred in order to leave the other one free to act and perform tasks; this also reduces 

the risk of involuntary movements of the hand bearing electrodes (Dawson et al., 2007). Moreover, 

environmental characteristics of the ambient where the test is performed, such as temperature and 

humidity should be controlled (Boucsein, 1992). Finally, due to the high sensibility of EDA 

measurements, during the experiment one should try to restrain participants from moving when not 
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necessary or breathing in un-natural ways since, again, this can create artefacts in recordings (Dawson et 

al., 2007).  

 

For our experiment electrodes were placed on the medial phalanges of the index and middle finger., No 

pre-treatments were performed and the non-dominant hand has always been preferred. The experiment 

was conducted in one same room under stable temperature conditions - i.e. below 23°C - as recommended 

by Boucsein (1992). At the beginning of the experiment, participants were also asked not to move 

unnecessarily and to breathe normally.  

 

Advantages and Limitations of EDA 
 

In the years, EDA has been widely used across many studies for its ability to provide “a relatively direct 

and undiluted representation of sympathetic activity” (Dawson et al., 2007). One’s EDA is contingent to 

one’s level of arousal, attention and responsiveness to a specific stimulus (Boucsein, 1992). SCR can 

therefore represent a measure of the significance, intensity, novelty or surprise associated to that 

stimulus’ Moreover, according to Damasio’s (1994) “somatic marker” hypothesis, by giving us an 

indication of the amount of emotional arousal, SCR can also give us hints regarding decision making. 

This because a risky decision would usually be accompanied by an increase in arousal.  

 

Techniques to record EDA are mostly inexpensive, relatively easy to use and harmless for test-subjects. 

Moreover, assessing the occurrence of an SCR is a quite straightforward process, and, as already 

mentioned, SCR is related to a multitude of useful psychophysiological indicators (Dawson et al., 2007). 

All that contributes to make of EDA recording a very popular research tool. 

 

As with any other technique, the use of EDA in research does not come without a set of limitations, the 

most relevant of which are the following:   

 

• Correct EDA recording requires correct use of sensors (Wang & Minor, 2008) as well as control 

of experimental conditions such as room temperature and skin status (Boucsein, 1992) 
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• A single SCR does not give any hint to infer the valence significance of the emotional activation 

it reflects (Wang & Minor, 2008). One cannot attribute a SCR to a specific emotion - such as 

anxiety or fear- since EDA recordings only provide a measure of the intensity of an emotion. 

However, this limitation can be partially solved by controlling the experimental setting and infer 

the valence of an SCR by looking at the context in which it was recorded (Dawson et al., 2007). 

 

• EDA in response to a stimulus suffers from poor temporal resolution. Between the moment a 

stimulus is provided and a SCR peak appears, there is a latency window that can span between 

one to four seconds (Boucsein, 1992)   

 

• When multiple EDA responses happen in short succession, assessing each SCR peak can become 

difficult. This because amplitudes and temporal distribution of close SCRs can get distorted from 

the superimposition of recordings (Dawson et al., 2007). 

 

• There is no standardized value for SCLs since they are highly dependent on an individual’s 

psychological condition during time (Boucsein, 1992). 

 

• The more an un-varying - stimulus is presented to a person the smaller amplitude and frequency 

values of SCRs become. This effect is due to SCR habituation, which in turn depends on s 

subject’s adaptation to a stimulus, once it has lost its novelty and relevance (Dawson et al., 2007). 

 

Finally, another element to consider are individual differences in EDA. According to Dawson et al. 

(2007) differences in EDA across healthy subjects depend on individuals belonging to either the EDA 

“labiles” group or the EDA “stabiles” one. Electrodermal labiles are characterized by a higher threshold 

of habituation and/or higher NS-SCRs rates. Stabiles, instead, are characterized by a reduced number of 

NS-SCRs and faster spiking in arousal. According to Dawson et al (2007 belonging to the labiles or the 

stabiles group depends on an individual’s trait characteristics.  
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Theoretical Framework 
 

In the previous chapters, we have seen how behind the concept of Presence we can find a network of 

structural and descriptive drivers. Furthermore, we have described how the study of human emotions 

through the aid of neuromarketing techniques can help marketing researchers gain new insights 

consumers. 

 

The purpose of this thesis is to explore how two different medias –i.e. 2D displays and 360° VR headsets 

– reproducing the same contents can lead to different levels of Presence and arousal perceived by users. 

Also, we are interested in observing how the effectiveness of advertisement content might vary across 

the two technologies. The lack of literature supporting a clear correlation between Presence, arousal and 

advertising effectiveness restrains us from running correlations among these three variables. We have 

therefore opted for keeping them separate, and limit our exploratory study to comparing observations on 

Presence, arousal and advertising effectiveness across two groups of viewers exposed to a same piece of 

contents reproduced in 2D or 360° VR. 

 

In comparing the two technologies for Presence we will consider the structural and descriptive variables 

for mediated experiences presented by the reviewed literature. Regarding descriptive variables, we’ll set 

our focus on the level of transportation, interaction, quality, realism, mediation and sensory bandwidth 

(see Appendix 1 for list of supporting literature). For what concerns the structural variables (i.e. those 

depending on user characteristics), instead we’ll control for gender and measure the level of 

identification, and arousal (see Appendix 1).  

 

For our study, the level of arousal of participants will be also assessed through the measurement of 

Electrodermal Activity (EDA). The use of EDA will be directed to undercover the levels of phasic arousal 

(SCRs) of participants during the experiment (Boucsein, 1992; Dawson et al., 2007). The purpose of 

looking into phasic arousal will be to gain a physiological measurement of subject’s sympathetic 

activation to the specific stimuli presented throughout the experiment (Boucsein, 1992; Groeppel-Klein, 

2005). These activations will give us a representation of an individual’s overall levels of attention, 

absorption, interest, degree of motivation and familiarity (see Appendix 1).  
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Finally, to control for advertising effectiveness we will consider the levels of:  brand & ad recognition, 

brand & ad recall, attitude towards the brand & ad, purchase intention and familiarity (see Appendix 1) 

Hypotheses definition 
 
Based on our research question, the presented literature review and the resulting theoretical framework, 

our hypotheses will now be presented. Due to the explorative-comparative purpose of our research, each 

hypothesis will be separately structured along one dependent and one independent variable. Dependent 

components will represent the variables described in our theoretical framework. The independent 

variable, instead, will be represented by either our Control group (video in 2D) or Test group (video in 

VR) of subjects.  

 

Differences in overall self-assessed levels of Presence-related variables: 
To assess their overall level of Presence during the experience, after the experiment participants 

belonging to both groups (Test and Control), will be asked to self-assess their perceived levels of 

transportation, interaction, mediation awareness, quality, realism, identification and arousal. On these 

variables, our hypotheses will be formulated according to the following format: 

 

HX0: There is no significant difference in mean and variance of self-assessed –variable- levels between 

individuals belonging to the Control group and those in the Test group 

HX: There is a significant difference in mean and variance of self-assessed –variable - levels between 

individuals belonging to the Control group and those in the Test group 

 

For the sake of simplicity and readability, the numbering of our hypotheses and their relative variables 

is summarized in the following Table 1: 
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Table 1- Presence-Related Variables, Hypotheses 

 

 

 

 

 

 
 
 
 
 

 
Differences in physiological levels of arousal 
 
Throughout the experiment subjects’ levels of physiological arousal will be assessed by means of EDA.  

Phasic SCRs among the two groups will be recorded and analysed for frequency of peaks and amplitude. 

 

H80: There is no significant relationship between the peak count in the Control group 

and the peak count of Test group 

H8: There is a significant relationship between the peak count in the Control group 

and the peak count of Test group 

H90: There is no significant relationship between the amplitude of peaks in the Control group 

and the amplitude of peaks in the Test group 

H9: There is a significant relationship between the amplitude of peaks in the Control group 

and the amplitude of peaks in the Test group 

 

Differences in self-assessed levels of Advertising Effectiveness and Presence for Adverts 
 

During the experiment, subjects in both groups will be shown three ads of three brands: Expedia, Jack 

Daniel’s and Oreo. At the end of the experiment, for each advert, subjects will be asked for their self-

Variable Hypotheses 

Transportation H10  H1 

Interaction H20  H2 

Mediation Awareness H30  H3 

Quality H40  H4 

Realism H50  H5 

Identification H60  H6 

Arousal H70  H7 
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assessed levels of advertising effectiveness and Presence (see Table 2). As it was the case with the 

hypotheses presented above, ads-related hypotheses will follow the following structure 

 
HX0: There is no significant difference in mean and variance of self-assessed – variable- levels during the - 

brand name - ad between individuals belonging to the Control group and those in the Test group 

HX: There is a significant difference in mean and variance of self-assessed – variable- levels during the - brand 

name - ad between individuals belonging to the Control group and those in the Test group 

 

Table	2-	Presence & Advertising Effectiveness, Hypotheses	

                        Brand 

Variable 
Expedia Jack Daniel’s Oreo 

Presence Related:    

Transportation H100  H10 H170  H17 H240  H24 

Arousal H110  H11 H180  H18 H250  H25 

Identification H120  H12 H190  H19 H260  H26 

Ad Effectiveness:    

Brand Awareness H130  H13 H200  H20 H270  H27 

Attitude towards Brand H140  H14 H210  H21 H280  H28 

Attitude towards Ad H150  H15 H220  H22 H290  H29 

Purchase Intention H160  H16 H230  H23 H300  H30 
 

 

Moreover (see Table 3), subject’s scores for brand and ad recall will be tested through the following 

hypotheses:  

 

HX0: For the - brand name – ad there is no difference between the proportion of correct answers on –variable- 

among individuals belonging to the Control group and those of the Test group 
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HX: For the - brand name – ad there is no difference between the proportion of correct answers on –variable- 

among individuals belonging to the Control group and those of the Test group 

 

Table 3- Brand & Ad Recall, Hypotheses 

                        Brand 

Variable 
Expedia Jack Daniel’s Oreo 

Brand Recall H310  H31 H330  H33 H350  H35 

Ad Recall H320  H32 H340  H34 H360  H36 

 

Differences in physiological levels of arousal during adverts 
 

Finally (see Table 4), our hypotheses regarding subjects’ EDA during the adverts are presented with the 

following structure:  

 
HX0: There is no significant relationship between the -variable- of Control group and the -variable- of Test 

group during the - brand name – advertisement 

HX: There is a significant relationship between the -variable- of Control group and the  -variable- of Test group 

during the - brand name – advertisement 

 

Table 4-Physiological Arousal ads, Hypotheses 

                        Brand 

Variable 
Expedia Jack Daniel’s Oreo 

Peak Count  H370  H37 H390  H39 H410  H41 

Amplitude of Peaks H380  H38 H400 H40 H420 H42 
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Methodology 
 
In the following section, the research philosophy behind this study is presented. Moreover, the adopted 

methodological approach, based on the research philosophy, is also discussed in detail.  

Philosophy of Science 
 
Research philosophy aims at discerning the ways knowledge is developed in relation to its nature 

(Saunders et. al, 2012). According to the different viable approaches proposed by Saunders et al. (2012), 

positivism represents the one adopted in this research. 

Positivism relies on the idea that knowledge is acquired by observing natural phenomena, wondering 

properties and possible relations, in order to collect credible data (Saunders et al., 2012). In undertaking 

this approach, researchers adopt a value judgement-free way of proceeding in order to be as much 

independent and objective as possible (Saunders et al., 2012).  This approach is frequently adopted by 

quantitative researches due to its structured data collection (Saunders et al.,2012). An additional element, 

which proves the validity in adopting this approach in this study, is the relevance of positivistic 

approaches to marketing researches (Malhotra et al., 2012). 

Given the guidelines provided by the positivistic approach, the authors` ambition with this dissertation, 

is to carry a consistent study as much reliable and free from judgments as possible, while guaranteeing 

the experiment reproducibility anywhere, any time. Due to the nature of the collected data, the 

quantitative characters are going to be analysed through statistical methods. 

Research Approach 
 

The positivistic philosophy of this study is built on a deductive approach. The deductive approach implies 

that, starting from what available in literature, theories are identified and successively embedded in a 

framework elaborated ad-hoc (Saunders et al., 2012). One or more hypotheses are then successively 

formulated in order to identify a relationship between two or more variables of interest (Robson, 2002). 
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These hypotheses are tested according to the strategy chosen by the researchers, providing findings able 

to confirm or modify their grounding theories (Robson, 2002). 

According to this methodology - similar to a funnel - it is possible to elaborate, starting from the general 

literature, hypothesis meant to be tested and measured, and as last step generalized. An independent and 

objective perspective of researchers is therefore crucial to fully comply with the deductive guidelines 

(Saunders et al., 2012). 

 

Research Method 
 

According to what has been presented about the philosophy and research approach characteristics, a 

quantitative method is the one that better suits this study. It complies with the data gathered through 

surveys and a physiological EDA recording, carried out by researchers. The analysis is conducted with 

statistical methods, allowing the possibility to reproduce the experiment and maintain the objectivity 

underlying a positivistic approach of proceeding (Saunders et al., 2012). 

 

Research Design 
 

The authors after carefully defining the purpose of the study and later reviewing  all the possible 

approaches to answer the research question,  they  opted for an exploratory study.  

An exploratory study is meant to clarify the nature and the characteristics of a specific problem, by 

increasing its awareness and acknowledgement (Saunders et al., 2012).  As explained by Robson (2002), 

an exploratory study aims at determining “what is happening, to seek new insights; to ask questions and 

to assess phenomena in a new light”.  
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Considering these aspects, the aim of our study is to investigate how different media - 2D displays and 

360° VR headsets - can elicit different level of Presence and arousal in users. In addition, advertisements 

effectiveness dimensions are compared between the technologies in order to highlight possible variations. 

The authors are going to shed light on the subject - as suggested by the exploratory researches principles 

- by conducting an experiment paired with a pre-assessment questionnaire and a post-test questionnaire. 

By testing two sample populations, the authors collected insights useful to compare them and to, 

eventually, draw generalizable conclusions 

 

Pilot 
 

Before starting the actual experiment, the authors conducted two pilots. The pilots were carried to assess 

the adequacy of the procedures concerning physiological EDA recording, as well as the precision and 

efficacy of the questions included in the questionnaires pre and post experiment.  A small-scale study is 

usually conducted to minimise problems related to misinterpretation of the participant answers, and to 

spot possible glitches in the experiment procedures. 

 

The questionnaires to be assessed, valid for both the control group and the test group were two in total: 

the first includes demographics and a general assessment, namely the “pre-test” questionnaire, the second 

one, known as post-test questionnaire, handed out at the end of the experimental session. 

 

To what concerns the experiment, as briefly previously mentioned, two different physiological EDA 

recordings were performed: one involving the use of a 2D displays and a mouse, while the other involving 

the use of a 360° VR headsets. 

Four people were chosen to take part at the pilots: two for the control group, two for the test group. 

  

For the control group, two students were introduced to the pre-test questionnaire in two different rooms. 

They were asked to fill the questionnaire and when necessary to give feedbacks about the clarity of the 

wording and the understanding of the concept.. At the end of the compilation process, they were asked 

to provide an overall impression, including a  comparison between the filled questionnaire and the ones 
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compiled in their past. In particular, the researchers asked for impressions regarding: the questionnaire 

length; the content understanding and clarity; the coherence and exhaustiveness of the scale used to 

answer the questions and their content; the general comfort level perceived while  filling it. 

 

After collecting the observations, the participants were brought individually to the Sense Lab, aka the 

lab setting of the experiment. Here, the researchers wanted to assess if the study setting was compliant 

to variables such as the comfortability, the feel of safety and the isolation from external interferences.  

It resulted particularly important the correct placement of the GSR device, due to the extreme sensitivity 

of the equipment to little involuntary movements. Participants were, therefore, asked to state their level 

of comfort while wearing it, so to develop a standard posture to be maintained during the whole 

experiment. Through the iMotions software, the data transmitted live from the GSR to the researchers’ 

laptop were carefully analyzed, in order to spot real-time all the events that might trigger either 

inaccuracies or artifacts.  

After the visual stimulus was broadcasted, participants were asked to state their impression about what 

have been shown, either positive or negative.  

 

Finally, the two students were asked to fill the post-test questionnaire, again providing feedbacks, where 

needed, about the questions structure and clarity and the overall feelings on the undertaken experiment.   

  

To what concerns the test group, a first phase was meant to evaluate the pre-test questionnaire. 

After the feedbacks collection, participants were brought to the Sense Lab. The researchers struggled in 

finding a posture fitting the use of GSR while broadcasting the 360° video, due to the lack of a stable 

foothold to permit the physiological recording while simultaneously guaranteeing  the interactivity with 

the VR headset - e.g. a desk as employed in the control test. In this sense, the pilot test allowed to try 

different postures on-going elaborated, eventually finding the one best suiting the purposes of the 

experiment. 

Again, the greatest efforts were made to secure the correct data collection, thus avoiding errors and 

artifacts. 
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In the end, participants were asked to answer the post-test questionnaire meant for the VR experiments, 

and again to provide suggestions and an overall personal evaluation of the entire experience.    

 

In light of the observations collected, the researchers fine-tuned the recordings procedures and modified, 

were necessary, the questionnaire structure in order to be more accessible and clear. The aspects related 

to the questions’ validity and the data collection reliability were therefore ensured by adopting the pilot 

concept.  

 

Experimental set up conditions 
 
Our experiment was conducted using the facilities of Copenhagen Business School Sense Lab, over a 

period of two weeks. Upon arrival, recruited participants were welcomed and asked to fill a unified pre-

assessment questionnaire, which took an average of five minutes to be completed. Also, all participants 

were asked to sign an informed consent for the treatment of their data. Subsequently, subjects belonging 

to both groups were conducted into the Sense Lab room dedicated to the experiment, which by itself took 

around ten minutes. Finally, participants were asked to fill a post-assessment questionnaire regarding 

their experience in the lab. This last part had an average duration of ten minutes. 

 

For all the tested subjects the experiment took place in the same Sense Lab room, isolated from external 

sources of sound and light and with a controlled, comfortable temperature never exceeding 23°. 

Temperature was controlled to ensure fitting experimental conditions for the recording of subjects’ 

electrodermal activity.   

 

Once inside the room designated for the experiment, participants were asked to sit in a natural position 

on a fixed chair -for the Control group- or on a swivel one, for the Test group. In the case of the Control 

group, subjects were invited to move with the chair at the preferred distance from the table where the 

computer and the mouse used for the experiment laid. All subjects were as well given the opportunity to 

adjust the height of that table so to ensure, in the limits of the experimental conditions, their own comfort.  
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Having ensured that participants were at their ease, they received a short briefing regarding the 

technology employed in the experiment. Members of the Control group were instructed to watch a ten-

minute video - described in the following sections - on a fifteen inches computer screen and use a mouse 

to navigate within the content. Subjects of the Test group, instead, were only instructed how to wear the 

VR helmet and they were invited to watch the same video, freely rotating on the swivel chair in order to 

enjoy - in the way they preferred - its 360° content. For both groups, no particular task other than 

watching the video was given to participants. This because having subjects perform, for example, a recall 

task could have influenced their overall level of experienced immersion (Bailey et al., 2012) 

 

Thereafter, all participants were briefed on the functioning and use of the Shimmer3 employed to measure 

their EDA during the experiment. The Shimmer3 was then strapped to the wrist of their non-dominant 

hand, and the electrodes placed on the medial phalanges of the index and middle finger. No-pre-treatment 

of the subjects’ skin was performed. Also, in order to reduce EDA muscular artefacts during the 

recording, subjects were instructed to breathe normally, not talk, limit unnecessary limb movements and, 

most importantly, try to relax. Finally, for each participant a two minute “calibration” period was used, 

in order to test proper connection of the electrodes.  

 

Technology 
 
The recording and acquisition of EDA data for both the Control and Test groups was performed through 

a Shimmer3 GSR+ Unit and the iMotions Suite v.7.0 for Microsoft Windows. The Control group was 

shown the video stimulus on the 15’ retina display of a MacBook Pro 2017   and was invited to use a 

Bluetooth mouse to navigate into the content. The stimulus, a 360° video, was shown on the 2D display 

of the laptop and reproduced with the use of a GoPro VR Player v3.0.  

 

The Test group, instead, watched the same video by wearing a Samsung Gear VR headset attached to a 

Samsung Galaxy s7 reproducing it by its native Samsung VR App v.2.To deliver audio the same pair of 

Beats Solo3 wireless on-hear headphones was employed for both groups. 
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Pre-questionnaire 
 
Upon their arrival participants of both Control and Test groups were asked to fill a pre-questionnaire, on 

a computer-screen placed in a different room than  the one used for the experiment.  

The questionnaire included 22 items (see Appendix 2) and questions were divided into four categories: 

sociodemographic ones, those regarding past experiences with VR, others to investigate the current 

emotional state and, finally, those about subjects’ predisposition for transportation in mediated 

experiences. Participants were also assessed for normal or corrected-to-normal eyesight and asked about 

their tendency to suffer from motion- or height-sickness.  

 

With the exception of open questions regarding socio-demographic traits, sight and height/motion 

sickness, all the other elements of the questionnaire were assessed through 5 points Likert scales. The 

average questionnaire completion time by participant was five minutes. 

 

The purposes of this pre-questionnaire were multiple. First of all, collected demographic variables 

provided us with an overview of our sample population, which we deemed particularly important as 

demographic characteristics - such as gender - can influence subjects’ levels of transportation and arousal 

(Baños et al., 2004). Furthermore, with the questions on participants’ predisposition for transportation 

we aimed at controlling for potential differences among Control and Test group subjects. Finally, by 

asking participants to self-assess their current emotional state, we wanted to obtain a set of baseline 

values to compare with post-experiment ones.  

 

Video Stimulus 
 
After having completed the pre-assessment questionnaire, subjects were conducted in a new room of the 

Sense Lab and, as described above and briefed on the following part of the experiment, which consisted 

in watching a 10m 39s -long video.  

 

The video consisted in a collection of six 360° spherical clips collated together in order to flow 

automatically one after the other. Of the six stimuli, three represented branded advertising pieces by 
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Expedia (1.5 min), Jack Daniel’s (2.5 min) and Oreo (1 min) while the remaining others consisted of 

unbranded videos of natural landscapes. Each one of the neutral landscape videos had a fixed duration 

of 1.5minutes and was placed before or in between adverts. Also, a series of black screens of a fixed 

duration of 3,5 sec were included between all adjacent videos and A 30s-long black screen was put at the 

start of the entire sequence. Thus, the resulting structure of our video, without including the short 3,5s 

black screens, was the following (see Figure 4) 

 

 

 

 

 

 

 

  

 

 

 

The two groups - Control and Test- were presented exactly the same video, which was spherical for all 

its duration and with consistent 1080p (HD) picture quality. Therefore, Control and Test group only 

differed for the mediating technology employed to present the content. 

As already mentioned, on one side, the Control group was presented the video on a flat 2D 15 inches 

computer display: to experience the 360° video content in its fullness, participants of the Control group 

had thus to use a mouse, allowing them to explore the environment shown on the screen. On the other 

side, the Test group enjoyed the video wearing a VR headset. To them, the video appeared as a 360° 

environment in which they were able to direct their gaze by simply turning the head or rotating on the 

swivelling chair.   

 

Figure 4-Video Stimulus, structure 
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We selected the three mentioned branded videos for our experiment based on four characteristics: 

duration, quality, narrative aspects included in the clips and degree of realness. Regarding the first two 

issues, all three videos were equal: all were available for download at a native video quality of 1080p, 

and their duration was under 3 minutes. We considered this particularly important for our 

experiment:   the three commercial clips had to be comparable for quality & duration. As for their 

narrative aspects, the three clips presented different solutions. The ad by Expedia was the more 

interactive one, placing the viewer at the centre of the narrative. In the Jack Daniel’s experience, instead 

- as with most television commercials - the viewer was only a passive spectator of the narrative. In the 

Oreo ad, the narrative element was simply absent at all. Finally realness: the three ads were characterised 

by decreasing levels of it , with Expedia presenting to viewers the more realistic scenarios and Oreo the 

more fantastic ones.  

 

The decision to insert black screens and the three neutral scenarios between the ads was driven by several 

additional considerations. The initial black screen was put there to give respondents time to relax and get 

acquainted with the technology and the experimental set-up. Ideally, during this initial 30 seconds period, 

in which no stimulus is presented, participants’ EDA would only show tonic SCLs and NS-SCRs.  

 

The three natural scenarios were instead chosen to avoid a potential transfer of arousal effect 

(Grigorovici, 2003) between adjacent adverts. In other words, each natural scenario was intended to 

represent a sort of “cooling-off” time where subjects’ EDA levels would return as much as possible to 

baseline. To this end, the three videos were selected from the list presented in the paper: “A Public 

Database of Immersive VR Videos with Corresponding Ratings of Arousal, Valence, and Correlations 

between Head Movements and Self Report Measures” written by Li et al. (2017) for the Stanford 

University Virtual Human Interaction Lab.  In the paper, the authors presented 73 spherical clips 

(publicly accessible on the Web) to 95 participants, asking them their self-assessed levels of valence and 

arousal for each video. Assessments were conducted using a 9-point scale aided by the employment of 

self-assessment manikins. The three videos we chose for our experiment and their respective levels of 

self-assessed arousal are: “Pacific Sunset Half Moon Bay” (A:1.8), “Malaekahana Sunrise” (A:1.57) 

and  “Mountain Stillness” (A:1.8).  
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Finally, the short (3.5  seconds) black screen breaks inserted between each video and the following one 

had the purpose to avoid EDA artefacts due to sampling latency.   

 

Links to the six videos can be found in Appendix 3 

 

Post-Questionnaire 
 

After watching the complete video sequence, participants in the Control and Test groups were finally 

asked to fill one last, post-assessment, questionnaire. For both groups, it consisted of 58 items (see 

Appendix 2), to be scored on 5-points Likert scales or binary choices. The average completion time per 

participant was ten minutes.  

  

The purpose of the items presented in the questionnaire, together with the physiological data collected 

through EDA registration, was focused on finding results either supporting or confuting our main 

hypotheses. Questions were thus designed and grouped according to our chosen variables for Presence, 

arousal and advertising effectiveness. Out of the total number of questions, 16 inquired subjects regarding 

their overall enjoyment, transportation, interaction, mediation awareness, judgement about quality and 

realism of the ads, identification and arousal. The remaining 42 questions, instead, were ad-specific 

asking participants - for each of the three adverts - their assessments for arousal, identification, brand 

recognition, brand & ad recall, attitude towards the brand & the ad and purchase intentions. 

 

Participants 
 

Participants have been recruited in two ways: either through an online sign-up form linked to Copenhagen 

Business School’s social media groups or by personally asking students encountered around the CBS 

campus. In both cases, prospective subjects were e promised a small reward: a jar of instant coffee. Once 

they arrived to the Sense Lab, we randomly assigned participants to either the Control or Test group. The 

purpose of our experiment was never disclosed to any of them.  
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A total of 42 participants were recruited. Of them, 20 were assigned to the Control group and 22 to the 

Test one. However, due to the corrupted acquisition of EDA data, 3 participants - 2 for Control and 1 

from Test - were excluded from results. 

 Table 5- Participants Control Group 

Characteristics of Control Group 
 
Of the 18 subjects making up the Control group, 8 were females 

and 10 males. Their average age was 25, with the youngest 

participant being 20 and the oldest 28 years old. They belonged 

to 15 different nationalities and them all had been speaking 

English on a daily basis for more than two years. The majority 

of participants - 15 - had completed a bachelor degree as their 

highest educational level. All participants had normal or 

corrected-to normal vision (see Table 5).  

Table 6- Participants Test Group 

Characteristics of Test Group  
The test group was composed by 11 females and 10 males, for a 

total of 21 subjects. The average age of the sample was 24, with 

participants’ age again spanning between 20 and 28 years old. 

They came from 12 different countries and, for their majority 

(16), they had been speaking English on a daily basis for more 

than two years. Also in this group, 15 of its participants had 

completed their bachelors and them all had normal or corrected-

to normal vision. Regarding past use of VR technology, 11 

subjects answered negatively and 10 positively. Of the latter, the 

majority (4 out 10) had tried VR only one time and within a year 

in the past (7) from the date of the experiment. Almost every 

subject (20 out of 21) reported to not usually suffer of motion- nor 

height-sickness. None of them (0/21) - anyway - reported to 

“Terribly” suffer from these conditions (see Table 6).  

Participants Control Group 

Total n. Participants 18 

Gender 8F - 10M 

Average Age 25 

N. Nationalities 15 

Speaking English > 2y 18 

Completed bachelor 15 

Participants Test Group 

Total n. Participants 21 

Gender 
11F - 

10M 

Average Age 24 

N. Nationalities 12 

Speaking English > 2y 16 

Completed bachelor 15 

Used VR in the past 10 

Used VR within a year 7 

Used VR only one time 4 

Suffering from Motion 

Sickness 
1 

Afraid of heights 1 
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Differences between the two groups 
 
With the purpose of uncovering potential pre-existing differences among the subjects of the Control and 

Test groups able to influence results, Two-Samples t-Tests were performed on selected pre-questionnaire 

items (see Table 7). In particular subjects’ self-assessments scores for mood, attention level, and natural 

predisposition for transportation and identification were compared. For every question of these 

categories: self-assessment scores reported no significant differences (alpha level 0.05) among the two 

groups. 

 

Code Questions 
t-Test: 

P(T<=t) one-
tail (a=0.05) 

Median 
Control 

Median 
Test sX 

Control 
sX 

Test 

Q1 How is your mood today? � 0.429 4 4 0,878 0,493 

Q2 How mentally alert do you feel at the 
present time? 

0,378 
 3 4 

 
0,492 

 
1,258 

Q3 
How easily do you..... [Get emotionally 
involved (angry, sad, or happy) in the 
news stories that you read or hear?] 

0.238 4 3 0,892 
 

1,020 
 

Q4 

How easily do you..... [Get so involved in 
watching a movie that it is as if you are 

inside the film rather than watching it on 
a screen?] 

0.211 2 3 1,306 
 

1,079 
 

Q5 
How easily do you..... [Become so 

involved in a movie that you are not 
aware of things �happening around you?] 

0.362 2 2 1,267 
 

1,224 
 

Q6 
How easily do you..... [Find yourself 

closely identifying with the characters in 
a story line?] 

0.2844730949 3,5 3 1,241 0,889 

Q7 
How easily do you..... [Become so 

involved in a daydream that you are not 
aware of things happening around you?] 

0.3075704887 3 3 1,263 
 

1,312 
 

Q8 
How easily do you..... [Get excited or 

frustrated during a chase or fight scene on 
TV or in the �movies?] 

0.073 3 3 1,103 
 

0,881 
 

Q9 

How easily do you..... [Become so 
involved when, for example, playing 

sports or video games that you lose track 
of time ] 

0.126 2,5 3 1,230 
 

1,233 
 

Table 7- Differences Between the Two Groups 
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Validity and Reliability 
 

Validity and reliability are the characteristics ensuring that a general study is of value and of use. 

Validity is defined as the extent to which concepts, measurements and conclusions developed in the study 

are well-founded and, therefore, they are credible (Saunders et al., 2012). Reliability, on the other hand, 

is defined as the extent to which measurement techniques and conclusions are consistent, so as to make 

it all repeatable by other researchers (Saunders et al., 2012). 

 

To ensure the quality and reliability of our research, several actions have been taken regarding its 

Construct, Internal and External validity.  

 

Construct Validity 
 
The construct validity of our experiment can be traced back to the theories exposed along the reviewed 

literature quoted in our theoretical framework. Indeed, supported theories on the concept of Presence, 

Arousal and Advertising Effectiveness, as well as on EDA measurements, have been described and used 

for the delineation of our main variables and hypotheses. By applying this deductive approach, we also 

designed the items included in our questionnaires and interpreted the physiological data obtained by EDA 

measurements.  

 

Internal Validity 
 
In order to ensure internal validity to our study, several aspects of its set-up have been carefully planned. 

First of all, by running our experiment in a controlled laboratory environment, we were able to limit - to 

a large extent - the distractive action of unwanted external stimuli. Indeed, the room in which we 

conducted the experiment was isolated from external sources of sound and light as well as controlled in 

its temperature. Also, before each new experimental session begun, we made sure that objects and 

furniture were in their standard position in the room, in order to have a consistent presentation across 

participants. 

 



	 72	

Also the decision to divide our participants into two groups – Control and Test – was made in order to 

provide internal validity and make sure, as much as possible, that differences in responses would only be 

due to the different mediation technologies employed. To this avail, subjects were randomly allocated to 

either of the two groups by extraction.  

All participants were also controlled for normal or corrected-to-normal eyesight, as well as for their 

tendency to suffer from motion- or height-sickness. Once collected and analysed, subject’s self-reported 

scores also uncovered how, between the two groups, no statistical significant difference (alpha level = 

0.05) could be assessed regarding their mood, attention level or natural predisposition for transportation 

& identification. 

 

The instruments and procedure used for the experiment have also been checked for internal validity. First 

and foremost, as previously described, a pilot study was conducted to test the designed set-up. Moreover, 

for each participant, special care was put into setting up the Shimmer3 in accordance with what described 

by the relevant literature (Boucsein, 1992; Dawson et al. 2007). In particular, special attention was 

dedicated to the correct placement of the electrodes and to the correct acquisition of the data by the 

iMotions software.  

In the design of the used video stimulus, the limitations of the Shimmer3 in measuring subjects’ arousal 

levels were taken into account. In particular, and as already mentioned, both the potential effect of a 

transfer of arousal between adjacent clips and the poor temporal resolution of EDA measurements were 

considered. Finally, after acquisition, the collected EDA data were reviewed for corrupted recordings. 

This process lead to the exclusion of three subjects from our population.  

 

External Validity 
 
to control for the external validity - and thus generalisability - of our research, several considerations 

were made on the choice of our stimuli, the use of research instruments and the handling of participants.  

 

For the entire e duration of the experiment, subjects were not made aware of the purpose of the study. 

This was reputed necessary in order to have them experience the stimulus in the most “natural” possible 

way, and limit peoples’ natural tendency to try and “outsmart” the study they are in (Saunders et al., 
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2012). Also, to further incentivize participants to behave as “normal” as possible, they were reassured 

that during the experiment no one would have been there watching over their shoulders, and that their 

collected data would have been anonymized in the subsequent analyses. 

 

For what pertains   to the video stimulus, external validity was controlled for by choosing existing ad 

clips available on the market. Also - as described before - the “neutral” clips were selected from an 

existing database of VR videos benchmarked for valence and arousal levels. In watching the stimulus, 

participants were not given any task, so to avoid any influence on their natural levels of immersion. As 

if they were at home, the only “requirement” for them was to try and make themselves as comfortable as 

possible. 

    

Finally, the choice of the instruments used for the experiment too was dictated by the willingness to 

increase the study external validity. The Samsung Gear VR headset was selected based on the fact that it 

can be considered the most widespread VR headset today on the market (Statista, 2018).  Similarly, the 

iMotions Suite software and the Shimmer3 GSR+ equipment are widely validated tools for EDA 

measurement across academia and private research.  
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Data extraction & analysis 
 

After collection by means of the two questionnaires and EDA recordings, all the self-assessed and 

physiological data were extracted and quantitatively analysed.  

 

Self-Assessed data extraction and analysis 
 

Self-assessed data for our variables of interest were extracted from subjects’ answers to the 

questionnaires. All responses but a few answering questions on ad & brand recall, were extracted and 

organized according to their original design, based on 5-point Likert scales. For their analysis, data were 

imported on Microsoft Excel and JMP v.13.  

 

In order to facilitate data handling, each question label was re-coded to the one characterizing its  relative 

item in the questionnaire. Re-coded labels can be seen in Appendix 2.  

 

To allow the comparison of responses across individuals data were standardized and transformed from 

discrete values to continuous ones. Standardization was calculated for each response of a subject in 

relation to the mean and standard deviation of all his/her responses. Subsequently, questions were 

grouped according to the variable they were designed to investigate (see Appendix 2) 

 

Within each group of questions, responses of the Control and Test group were at first compared for 

median. Subsequently, for each question, independent sample t-Tests for equal variance and mean were 

conducted, to compare results between the Control and the Test group. The choice of running two-

independent-samples t-Tests was driven by our research questions and hypotheses, aimed at finding 

differences for self-reported data on Presence, arousal and advertising effectiveness between the two 

tested samples. See Appendix 2 for all the one tail p-values of our t-Tests 
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Physiological Data extraction and analysis 
 

Recordings of subjects’ EDA was conducted by a Shimmer3 GSR+.  Resulting data were instead 

captured with the aid of the iMotions Suite v.7.0. Subsequently, data were processed by the software for 

SCRs phasic peaks detection. The resulting information, organized along “Summary Scores” and “Peaks 

Per Respondent” was then exported for analysis on a Microsoft Excel worksheet. 

 

For each respondent, scores obtained from iMotions indicated the total number of peaks occurred during 

the video experience and their per minute rate. Also, participants’ SCRs were extracted along with 

information regarding their time onset, peak and offset, as well as their amplitude.  

 

Peaks’ timestamps, defined by the iMotions software in terms of milliseconds, were subsequently 

transposed to seconds and grouped for intervals of five seconds. The choice of downsampling our EDA 

recordings was dictated by two reasons. Firstly, with our study we were not interested in observing 

subjects’ arousal levels for second-specific events but rather to observe how a person’s arousal level 

varies during exposure to a given piece of contents. It was thus unnecessary to detail SCRs on such a 

short timeframe.  Moreover, we deemed it impractical to deal with milliseconds in analysing reactions to 

a video lasting over ten minutes. We considered fit, instead, to analyse our EDA data for timeframes of 

the order of 5 seconds  

 

After the above mentioned downsampling, we were able to create, for each individual, a timeline along 

which peaks were scored against time and characterized by their amplitude levels. Because of the binary 

nature of peaks’ occurrence, for each subject, not every moment was necessarily characterized by an 

amplitude level (and, thus, by a SCRs peak). Indeed, as we already mentioned before, during non-

particularly-arousing timeframes, subjects would only generate SCLs and NS-SCRs readings. 

 

Then, by aggregating data relative to every subject’s peaks timeline, we obtained - for each sample of 

participants - an overview of the total peak count per any given 5-second period.  In this way, for any 5-

seconds period ( t ) of every video clip, we obtained the total number of peaks experienced by each 

sample group (Peak Count for t). A higher Peak Count indicates a higher number of individuals that, 



	 76	

within  t, experience a SCR peak. Over the duration of a given advertising clip, some time-intervals ,( t 

), will therefore be characterized by higher Peak Counts than others, depending on the arousing level 

associated to the content being presented.   

 

To compare peak counts and their relative amplitudes across samples, we decided to conduct descriptive 

analyses and correlation tests. The choice of recurring to correlations was driven by our interest in 

assessing whether we could observe or not a significant association between peak and amplitude levels 

among the subjects of the Control and Test groups.  
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Results 
 
Having extracted and analysed our data - as outlined in the previous section -  we will now report the 

results of our study. The presentation of results will be organized following the structure of our 

hypotheses.  

 

Presentation of Results 
As already mentioned, data extracted from questionnaires’ items were - first of all - standardized across 

participants and subsequently analysed through comparative two-samples t-Tests assuming for equal 

variance. The tests were conducted, for each question, scoring the results of one group of respondents – 

Control - against the other – Test -. In all the t-Tests, the hypothesis used was of a mean difference equal 

to zero and tested for an Alpha level of 0.05.  

 

In the following sections, each one of our variables will be separately presented, together with items of 

our questionnaires pertinent to it. For each question, the obtained P-value will be reported together with 

the medians and the standard deviations (σx) of responses in the two samples.  Differently from the P-

values, medians and σxs were calculated on non-standardized responses. This choice was meant to 

facilitate a more intuitive understanding of our findings and an easier comparison of responses among 

the two samples. 

 

Extracted EDA data on physiological SCRs peaks and amplitudes were instead analysed for the Presence 

of a significant correlation among the scores obtained by subjects of the two groups. The significance 

level chosen to test for these correlations was, again, of an Alpha level of 0.05. In the following sections, 

for each of our hypotheses on physiological arousal, the obtained levels of significance for correlations, 

as well as general descriptive statistics, will be reported.  
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Presence-related variables  
Once they had watched the video stimulus, participants reported their self-assessed levels of Presence by 

answering seven categories of questions. These categories, corresponding to  our selected variables for 

Presence, are: transportation (H1), interaction (H2), mediation awareness (H3), quality (H4), realism 

(H5), identification (H6) and arousal (H7).  Based on these variables, our hypotheses from H1 to H7 

were structured according to the following format:   

 
HX0: There is no significant difference in mean and variance of self-assessed –variable- levels between 

individuals belonging to the Control group vs those of the Test group 
 

HX: There is a significant difference in mean and variance of self-assessed –variable - levels between 
individuals belonging to the Control group vs those of the Test group 

 
In order to either accept or reject these first hypotheses, our results for each of these variables will now 
be presented.  
 
Transportation - (H10, H1) 
 
Participants self-assessed their level of transportation during the experience by answering six questions. 

The obtained P-value and the values for medians and σxs of responses to each question, are reported in 

Table 8.  

 

Table 8- Transportation, Self Assessment Scores 

Code Questions 
-Test: 

P(T<=t) one-
tail (a=0.05)) 

Media
n 

Contro
l 

Median 
Test sX Control sX Test 

Q10 How absorbed were you 
during the experiment? 0,065 3,5 4,0 0,937 0,816 

Q12 

During the experiment, to 
what extent did you... 

[Forget you were in the 
room] 

0,058 3,0 3,0 1,231 0,971 

Q15 
When the experiment ended, 
I felt like I came back to the 
“real world” after a journey 

0,064 3,0 4,0 1,072 1,172 
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Q17 
During the study.... [I never 

forgot that I was in the 
middle of an experiment] 

0,443 3,0 3,0 1,424 0,997 

Q18 

In the experiment, to what 
extent did you... [Wished to 
let yourself be carried by the 

narrative] 

0,491 3,5 3,5 1,073 1,187 

Q20 

During the study.... [My 
mind was in the room, not in 

the world created by the 
computer] 

0,271 2,0 2,0 1,052 0,997 

 
As it is apparent from data in the table above, all six questions for transportation showed no significant 

differences (p < 0,05) in responses between subjects of the control vs the test group. Because of this: 

  

H10 is accepted 

H1 is rejected. 

 

Despite the rejection of H1, again by looking at data in Table X it is also possible to see how - for two 

items: Q12 and Q17, the scores for standard deviation across the two samples were quite different. In the 

case of responses to Q17, for example, the control group presented a σx of 1,424 while the test group one 

of 0,997. Despite being only descriptive in nature, this result can be interesting since it might indicate 

that, for the control group, the experience had a more polarizing effect in making subjects forget they 

were taking part to an experiment.  

 
 
Interaction 
 
To assess participants’ perceived levels of interaction during the experience, subjects were presented 

with two questions. Results of response-analysis to these two questions are shown in Table 9. 
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Table 9- Interaction, Self-Assessment Scores 

Code Question Test: P(T<=t) one-
tail (a=0.05) 

Median 
Control 

Median 
Test sX 

Control 
sX 
Test 

Q19 
In the experiment, to what 
extent did you... [Feel you had 
control over the experience] 

0,0125 3,0 2,0 1,179 0,927 

Q21 
In the experiment, to what 
extent did you... [Feel as a 
passive spectator] 

0,308 3,0 3,0 1,186 1,053 

 
By looking at results we can see how, while the obtained P-value for Q19 would allow us to reject H20 

with a significance level of 0.05, a contrasting result comes from Q21. Because of this, on the level of 

interaction elicited from our stimulus, we do not have enough evidence allowing us either to accept or 

refute our hypotheses H20, H2. 

 

However, an interesting observation can be made on results from Q19. Indeed, according to these results, 

participants to the Control group had a significantly different, i.e. more positive, perception of the level 

of control they exerted over the experimental stimulus.  

 
Mediation Awareness 
 
The level of mediation awareness perceived by subjects during the experiment was assessed through one 

item in the questionnaire. The resulting statistics are reported in Table 10.  

 

Table 10- Mediation Awareness, Self-Assessment Scores 

Code Question Test: P(T<=t) 
one-tail (a=0.05) 

Median 
Control 

Media
n Test 

sX 
Contro

l 
sX 

Test 

Q11 
How aware were you of the 

mediation role of the computer 
while watching the videos? 

0,089 3 3,5 1,154 0,992 

 



	 81	

As shown in Table 10 obtained P-value rejects our hypothesis of there being a statistical difference ( p < 

0,05) in responses between the Control and Test group for Q11. Therefore: 

H30 is accepted 

H3 is rejected. 

 
Together with the absence of a significant difference in responses’ medians among the two samples it 

can also be seen how the σxs do not differ substantially, telling us that the distribution of answers to Q11 

was quite similar among all participants. 

 
Quality 
 
In order to control for the recognized quality of the content by participants, the questionnaire included 

two questions. The scores resulting from participants’ responses can be seen in Table 11 

 

Table 11- Quality, Self-Assessment Scores 

Code Question 
Test: P(T<=t) 

one-tail 
(a=0.05) 

Median 
Control 

Median 
Test 

sX 
Contr

ol 
sX 

Test 

Q23 
How was the quality of the 
images presented during the 

experiment? 
0,019 4,0 3,0 1,033 1,359 

 
By looking at the table we can see how the t-Test run on answers to Q23 shows a significant difference 

(p < 0,05) in mean between the two subject-groups. Hence:  

H40 is rejected 

H4 is accepted 

 
Interestingly, the situation depicted by the resulting medians indicates us that participants in the control 

group found the content presented to them of a higher quality than it appeared to be to those belonging 

to the test sample.  
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Realism 
 
The level of perceived realism during the experience was assessed by asking two questions. Their 

formulation as well as results or response-analysis are reported in Table 12. 

 

Table 12- Realism, Self-Assessment Scores 

Code Question 
Test: P(T<=t) 

one-tail 
(a=0.05) 

Median 
Control 

Media
n Test 

sX 
Contro

l 
sX 

Test 

Q22 
In the experiment, to what 
extent did you... [Find the 

experience realistic] 
0,364 3,5 3,5 1,217 0,924 

Q24 
To what extent could you 

predict or anticipate what you 
were going to see? 

0,090 2,0 2,0 1,113 0,763 

 
According to our results, presented in Table 12, neither for Q22 nor for Q24 was it possible to assess a 

significant difference in responses’ means across groups. Due to this:  

 

H50 is accepted 

H5 is rejected 

 
Again, as it was with the perceived level of mediation awareness, no particular differences in responses’ 

σxs can be observed between the two groups. This tells us how, on average, for each question responses 

can be found similarly distributed around the respective mean values across all participants.    
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Identification 
 
In order to measure subjects’ experienced levels of identification with the narrative of the stimulus, two 

ad-hoc questions were included in the post-questionnaire. Results for these two items are exposed in 

Table 13. 

 

Table 13- Identification, Self-Assessment Scores 

Code Questions 
Test: P(T<=t) 

one-tail 
(a=0.05) 

Median 
Control 

Media
n Test 

σX 
Contro

l 

σX 
Test 

Q16 
I could picture myself in the 

scene of the events described in 
the narrative 

0,032 3,0 4,0 1,254 1,179 

Q25 How much did you identify with 
the narrative of the ads? 0,050 3,0 3,5 1,179 0,997 

 
For both questions, Q16 and Q25, the obtained low P-values allow us to reject our null hypothesis H60 

with a confidence level of 0.05, thus indicating a significant difference in responses’ means across the 

two samples. Therefore:  

H60 is rejected 

H6 is accepted 

 

Regarding the dimension of this finding we can also see how, for both questions, participants belonging 

to the Test group scored higher for identification with their experience.  

 

Arousal 
 
The last variable we considered to measure subjects’ levels of Presence is Arousal. Because of its psycho-

physiological nature, arousal was measured through two items of the questionnaire and participants’ 

EDA. While the obtained physiological measures from participants will be reported in the next sections, 

results from response-analysis of the two items of the questionnaire can be seen in Table 14.  
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Table 14- Arousal, Self-Assessment Scores 

Code Questions 
Test: P(T<=t) 

one-tail 
(a=0.05) 

Median 
Control 

Median 
Test 

σX 
Control 

σX 
Test 

Q13 Did the experience make you 
feel emotionally involved? 0,034 3,5 4,0 1,114 0,640 

Q14 

To what extent did the narrative 
make you feel emotions 
(anxiety, sadness, happiness, 
�etc.)? � 

0,031 3,0 4,0 1,125 0,815 

 
For both questions - Q13 and Q14 – the t-Tests indicate how, among the two samples, there appears to 

be a significant difference (a level of 0,05) in self-assessed levels of arousal. Because of this:  

 

H70 is rejected 

H7 is accepted 

 
As for the self-assessed levels of identification, we can observe how members of the Test group have, on 

average, given higher self-assessed scores to both questions. However, it is also worth of mention how, 

for Q13, the σxs of responses among participants to the Control group vs the Test group is quite different. 

A difference meaning that, when compared to their counterparts, subjects in the Control group gave , on 

average, more polarized answers about  their perceived level of arousal during the experience.  
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Physiological arousal 
 
Throughout the experiment subjects’ levels of physiological arousal were assessed by means of EDA. 

Phasic SCRs among the two groups were recorded and analysed for frequency of peaks and amplitude 

with the aid of the iMotions Suite software. Based on the levels of physiological arousal, H8 and H9 

were worded as following: 

 
H80: There is no significant relationship between the peak count in the Control group and the peak count in the 

Test group 

H8: There is a significant relationship between the peak count in the Control group and the peak count in the 

Test group 

H90 There is no significant relationship between the amplitude of peaks in the Control group and the amplitude of 

peaks in the Test group 

H9: There is a significant relationship between the amplitude of peaks in the Control group and the amplitude of 

peaks in the Test group 

 

In order to test our hypotheses for physiological arousal, the level of correlation for each variable among 

the two groups was calculated together with the corresponding level of significance and additional 

descriptive statistics. In each results table, it will also be reported the total number of moments of the 

stimulus during which either the subjects of the control group (ΔC) or those of the Test Group (ΔT) had 

a higher peak count/amplitude in respect to their counterparts. In calculating   this, the different number 

of subjects in the two groups was kept into account.  

 

Overall Peak Count 
 
During the overall duration of the video stimulus (10 m 39 s), participants’ SCRs peaks were recorded. 

In order to make results more readable, data were subsequently organized and aggregated for 5s-long 

periods, adding up to a total of 127 5s intervals during the whole experiment. During each of these 

periods, the SCR of any participant could either present (1) or not present (0) a peak. Based on this, for 

each 5s-interval the overall peak count across subjects of each sample was calculated. The resulting 

aggregated peak counts, distributed in time for each of our samples, are shown in Figure 5.  
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The list of aggregated Peak Values for the two groups, can be seen in Appendix 4. Obtained results can 

instead be observed in Table 15.  

 

Table 15-Peaks Over Time 

N. of Moments 

Tot. Peaks Count 

Control 

Tot. Peaks 

Count Test 

Pearson 

Correlation Significance ΔC > ΔT* ΔT > ΔC 

127 782 720 0,305 0,000473228 97 31 

* Total number of (5s) intervals in which the Control group showed a higher peak count than the Test group. The size 

of each peak count, for both groups, was calculated relative to its relative hypothetical maximum value which equals 

the size of the sample 

 

As it can be seen in Table 15, the total number of peaks across the two groups in quite similar: 782 for 

Controls vs 720 for Tests. This finding becomes especially interesting if paired to the resulting Pearson 

Correlation value of 0,305, which was found to have a p < 0.001. Because of this, we can affirm that 

there is a positive significant relationship r (126) p< 0.001 between the overall peak count of the Control 

group and that of the Test group. Therefore: 

Figure 5- Peaks Over Time Overall 
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H80 is rejected 

H8 is accepted 

Although subjects in the control and test groups produced SCR peaks in a very similar way subjects in 

the Control group had - for the majority of time-intervals -  a higher peak count than their counterparts 

in the Test group. 

 

Overall Peaks’ Amplitude 
 
For each one of the moments & peaks presented above, the average amplitude across participants of each 

sample was also calculated. An overview of each mean peak amplitude, for the 127 moments, across the 

two groups can be found in Appendix 5 Amplitudes are a measure of the intensity of SCR peaks 

(Boucsein, 1992) and can thus help us better understand the strength of a participants’ emotional 

responses. The compared mean amplitudes across participants of the two groups for the duration of the 

experiment can be observed in Figure 6. 

 

 

The resulting values from the analysis of the average peak amplitudes is reported in Table 16. 

  

Figure 6- Average Amplitude Over Time 
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Table 16- Amplitude Over Time 

* Total number of moments in which the Control group had a higher average peak amplitude than the Test group.  

 

As it can be seen from Table 16 differently than it was the case with overall peak counts, no significant 

relationship was found between the average amplitude of peaks among subjects of the Control group and 

those of the Test group. For this reason: 

H90 is accepted 

H9 is rejected 

 

However, as for peak counts, we can see how subjects of the control group had, on average and under 

similar values for σX, a higher peak amplitude than participants of the control group.  

 

Presence related variables during adverts  
In the following sections the results obtained for participants’ self-assessed levels of Transportation, 

Arousal and Identification during adverts will be reported.  

 

Transportation during adverts  
 
Together with their self-assessed levels of transportation during the overall experience, participants were 

also asked to score their perceived levels of transportation for each one of the three adverts presented. In 

particular, for each ad, subjects were asked with two questions about their levels of absorption and 

immersion.  Results obtained from the analysis of these questions are presented for Expedia, Jack 

Daniel’s and Oreo in the following sections. The analysis of results will allow us to either accept or reject 

H10, H17 and H24 which have been formulated with the following structure: 

 

N. of 

Moments 

Avg. 

Amplitude/Mo

ment Control 

Avg. 

Amplitude/M

oment Test 

σX 

Control 

σX 

Test 

Pearson 

Correlation 

Signific

ance 

ΔC > 

ΔT* 
ΔT > ΔC 

127 0,1090µS 0,0863µS 0,0595 0,0523 0,0197 0,8255 80 48 
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HX0: There is no significant difference in mean and variance of self-assessed transportation levels during the -
brand name- ad between individuals belonging to the Control group and those in the Test group 

 
HX: There is a significant difference in mean and variance of self-assessed transportation levels during the -

brand name- ad between individuals belonging to the Control group and those in the Test group 
Expedia 
 

Table 17- Transportation, Self-Assessed Expedia 

 
By looking at the results obtained for Expedia in Table 17 we can that for both questions (Q31 & Q32) 

it was not possible to assess a significant difference in mean responses between the two samples. Indeed, 

the two groups answered both items with an average score of 4/5: indicating that the Expedia ad was 

equally successful in inducing absorption among all our participants. Therefore: 

 

H100 is accepted 

H10 is rejected 

Jack Daniel’s 
 
Table 18- Transportation, Self-Assessed Jack Daniel's 

 

Code Questions 

Test: 
P(T<=t) 
one-tail 
(a=0.05) 

Median 
Control 

Median 
Test σX Control σX Test 

Q31 How much.... [Did you feel absorbed 
during this Ad?] 0.209 4.0 4.0 0,997 1,172 

Q32 How much.... [Did you feel as if you 
were "there"?] 0.158 4.0 4.0 1,424 1,252 

Code Questions 

Test: 
P(T<=t) 
one-tail 
(a=0.05) 

Median 
Control 

Median 
Test σX Control σX Test 

Q45 
How much.... [Did you feel 
absorbed during this ad?] 0.332 3.0 3.0 1,083 0,934 

Q46 
How much.... [Did you feel as if you 
were "there"] 0.348 2.5 2.5 1,379 1,111 
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According to the results obtained for Jack Daniel’s and exhibited in Table 18, our null hypothesis is one 

more time accepted.  As in the case of Expedia, ratings for transportation did not differ significantly 

across subjects of the two groups. Because of this: 

H170 is accepted 

H17 is rejected. 

Oreo  
 

Table 19- Transportation, Self-Assessed Oreo 

Code Questions 

Test: 
P(T<=t) 
one-tail 
(a=0.05) 

Median 
Control 

Median 
Test σX Control σX Test 

Q59 How much.... [Did you feel absorbed 
during this Ad?] 0.0126 2.0 3.0 1,217 1,470 

Q60 How much.... [Did you feel as if you 
were "there"?] 0.0158 2.0 2.5 1,168 1,423 

 

As shown in Table 19 for Oreo it was found a significant difference (p < 0.05) across ratings for 

transportation between subjects of the Control and Test groups. Indeed, and differently from the two 

other adverts, in the case of Oreo subjects belonging to the Test group found the ad better able to absorb 

them into the content presented. Therefore:  

H240 is rejected 

H24 is accepted 
 
Arousal during adverts  
 
In relation to the three adverts displayed, participants were also asked to self-assess their experienced 

levels of arousal. In particular, subjects were inquired on the extent to which the three ads made them 

feel happy, relaxed or stressed. These three orders of valence were chosen so to provide an additional 

characterization for eventual differences found in arousal. 

For the level of arousal three sets of hypotheses (H11, H18, H25) were formulated with the following 

structure: 
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HX0: There is no significant difference in mean and variance of self-assessed arousal levels during the -brand 
name- ad between individuals belonging to the Control group and those in the Test group 

 
HX: There is a significant difference in mean and variance of self-assessed arousal levels between during the -

brand name- ad individuals belonging to the Control group and those in the Test group 
 

For each ad, in order to reject our null hypothesis, at least one of the three items for which subjects were 

asked for (happy, relaxed, stressed) had to present a significant difference in responses between 

participants of the Control and Test groups. The obtained results from the analysis of these sets of 

questions are presented for Expedia, Jack Daniel’s and Oreo in the following sections. 

 

Expedia 
 

Table 20- Arousal, Self-Assessed Expedia 

Code Questions 

Test: 
P(T<=t) 
one-tail 
(a=0.05) 

Median 
Control 

Median 
Test σX Control σX Test 

Q35 The Ad made you feel... [Happy] 0.1599 4.0 4.0 1,008 
 

1,060 
 

Q36 The Ad made you feel... [Relaxed] 0.3476 4.0 4.0 
 

0,914 
 

0,807 
 

Q37 The Ad made you feel... [Stressed] 0.2242 1.0 1.0 0,782 
 

0,696 
 

 

According to the results reported by Table 20, participants’ ratings on the ability of the Expedia ad to 

emotionally involve them, did not change significantly across the two samples. As a matter of fact, on 

average, subjects responded positively to this advert: attributing a median score of 4/5 for both happiness 

and relaxation.  Therefore:  

H110 is accepted 

H11 is rejected 
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Jack Daniel’s  
 

Table 21- Arousal, Self-Assessed Jack Daniel's 

Code Questions 

Test: 
P(T<=t) 
one-tail 
(a=0.05) 

Median 
Control 

Median 
Test σX Control σX Test 

Q49 The Ad made you feel... [Happy] 0.4663 3.0 3.0 1,192 
 

0,865 
 

Q50 The Ad made you feel... [Relaxed] 0.3527 3.0 3.0 1,013 
 

0,968 
 

Q51 The Ad made you feel... [Stressed] 0.2544 1.0 1.0 0,782 
 

0,904 
 

 
As it can be seen from Table 21, although the scored levels for happiness and relaxation did not reach 

the same height as in the case of Expedia, participants also responded quite uniformly and positively to 

the Jack Daniels’ ad.  Therefore, no significant difference in self-assessed scores was found across the 

two groups.  Our null hypothesis H180 is then accepted. 

H180 is accepted 

H18 is rejected 

Oreo 
 

Table 22 - Arousal, Self-Assessed Oreo 

Code Questions 

Test: 
P(T<=t) 
one-tail 
(a=0.05) 

Median 
Control 

Median 
Test σX Control σX Test 

Q63 The Ad made you feel... [Happy] 0.0112 3.0 4.0 1,420 
 

1,213 
 

Q64 The Ad made you feel... [Relaxed] 0.354 3.0 3.0 1,266 
 

1,207 
 

Q65 The Ad made you feel... [Stressed] 0.0546 1.0 1.5 0,762 
 

0,968 
 

 

By looking at results for Oreo in Table 22 we can see observe how the obtained P-value for Q63 indicates 

us that self-assessed scores for happiness for Oreo were significantly different (p < 0.05) between 
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participants who watched the ad on the computer and those who experienced it in VR.  As a matter of 

fact, on average, subjects of the Test group assigned to this ad a higher capacity of making them happy. 

Therefore:   

H250 is accepted 

H25 is rejected 

 
Identification during adverts  
 
In order to measure levels of identification with the narrative of each ad, three questions were asked to 

participants in the post-test questionnaire. The hypotheses built on this variable follow the following 

structure: 

HX0: There is no significant difference in mean and variance of self-assessed identification levels during the -

brand name- ad between individuals belonging to the Control group and those in the Test group 

 

HX: There is a significant difference in mean and variance of self-assessed identification levels during the -

brand name- ad between individuals belonging to the Control group and those in the Test group 

 
Expedia  
 

Table 23- Identification, Self-Assessed Expedia 

Code Question Test: P(T<=t) 
one-tail (a=0.05) 

Median 
Control 

Median 
Test σX Control σX Test 

Q33 

How much.... [Did 
you identify yourself 
with the narrative?] 

 

0,07 4,0 4,0 1,42 1,2 

 
As shown by Table 23 on the level of involvement conveyed by Expedia, the p-value obtained with the 

t-Test confirms no significant differences between the Control and Test group. As a matter of fact, by 

looking at medians and standard deviations levels, it is possible to recognize a very similar scenario in 

both groups, corroborating the result of the t-Test. Therefore: 

H120 is accepted 

H12 is rejected 
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Jack Daniel’s 
 

Table 24- Identification, Self-Assessed Jack Daniel's 

Code Question 
Test: 

P(T<=t) one-
tail (a=0.05) 

Median 
Control 

Median 
Test σX Control σX Test 

Q47 

How much.... [Did you 
identify yourself with the 

narrative?] 
 

0,065 2,5 3,0 1,28 1,14 

 

Regarding the Jack Daniel’s ad (Table 24), the levels of involvement declared by participants were, 

again, very similar. Indeed, despite a slight difference of 0,5 in median values, there are no evidences of 

an actual significant difference between Control and Test groups. Standard deviation values confirm this 

result, despite a slightly more polarization in the Control group answers. Hence: 

 

H190 is accepted 

H19 is rejected 

Oreo  
 

Table	25-	Identification,	Self-Assessed	Oreo	

Code Question 
Test: 

P(T<=t) one-
tail (a=0.05) 

Median 
Control 

Median 
Test σX Control σX Test 

Q61 

How much.... [Did you 
identify yourself with the 

narrative?] 
 

0,065 1,0 2,5 0,83 1,29 

 
To what concerns the recorded measures of identification in Oreo (Table 25) the p-value obtained rejects 

H26. However, in the table results stand out a considerable difference between the two groups. In fact, 

Test group proved to be on average more identified in the Oreo ad than Control group. Nonetheless, the 

answers given by Test participants were more dispersed along the 5-point Likert scale, as suggested by 

the standard deviation value. In conclusion 
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H260 is accepted 

H26 is rejected 

 

Overall, the scenario presented by identification results supports the idea that in none of the three ads 

there were significant differences between Control and Test groups.  

 
 

Brand Awareness 
 
In order to measure the awareness of participants for brands promoted in the ads, the post-test 

questionnaire was designed to include three questions - one for each showed ad. In conformity with the 

number of ads, the hypotheses built on this aspect were three as well, and had the following structure: 

 

HX0: There is no significant difference in mean and variance of self-assessed brand awareness levels during the 

- brand name - ad between individuals belonging to the Control group and those in the Test group 

HX: There is a significant difference in mean and variance of self-assessed brand awareness levels during the - 

brand name - ad between individuals belonging to the Control group and those in the Test group 

 

In the next sections, recapitulatory tables will offer a general understanding of our findings, and 

according to the latter our initial hypotheses will either be accepted or rejected. 

 
Expedia 
 

Table 26- Brand Awareness, Expedia 

Code Question 

Test: 
P(T<=t) 
one-tail 
(a=0.05) 

Median 
Control 

Median 
Test σX Control σX Test 

Q26 How familiar are you 
with Expedia? 0,48 3,5 3,0 1,25 1,16 
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According to Table 26, in the case of Expedia H130 is accepted and, conversely, H13 rejected: namely, 

there is no significant difference for brand-awareness between Control and Test. This is proven by the 

obtained p-value, which is above its level of significance. Also, by looking at the table, the median shows 

how the level of awareness in the Control group was slightly higher than it was in the Test Group (3,5 vs 

3), despite a higher dispersion of observations. These results consolidate the t-Test outcome, therefore: 

H130 is accepted 

H13 is rejected 

Jack Daniel’s 
 
 
Table 27- Brand Awareness, Jack Daniel's 

Code Questions 

Test: 
P(T<=t) 
one-tail 
(a=0.05) 

Median 
Control 

Median 
Test 

σX 
Control 

σX 
Test 

Q40 How familiar are you 
with Jack Daniel's? 0,47 4,0 4,0 1,07 1,26 

    
As to what concerns the levels of brand awareness recorded for Jack Daniel’s, t-Test results reject H20, 

while confirming H200. Again, there is no significant difference in brand awareness between Control and 

Test groups. Also, in this case, median values display no variation between the two groups. However, 

the Test group showed a more polarized answer to the question among its subjects. The situation depicted 

brings us to state: 

H200 is accepted 

H20 is rejected 

Oreo 
  
Table 28- Brand Awareness, Oreo 

Code Questions Test: P(T<=t) one-
tail (a=0.05) 

Median 
Control 

Median 
Test 

σX 
Control 

σX 
Test 

Q50 How familiar are 
you with Oreo? 0,26 5,0 5,0 0,64 0,76 
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As shown by results in Table 28, again, the t-Test outcome rejects H27, whereas it confirms H270. Self-

assessed brand awareness reaches almost the same levels for both Control and Test groups, as also 

confirmed by median and standard deviation results. No significant differences were detected, therefore: 

H270 is accepted 

H27 is rejected 

 

Brand Recall 
 
In regard to brand recall, participants were asked to answer three questions, each of them referred to one 

of the three ads showed during the experiment. The aim of the questions was to assess to which extent 

participants remembered seeing each brand in the relative advertisement. Due to the nature of the 

question posed, it was not possible to use a 5-point Likert scale, but it was rather use a “yes or no” 

question. This allowed researchers to build, Boolean variables, analysable with descriptive statistics but 

not with the inferential statistics used for the other variables. The hypotheses built on this subject are 

structured as follow: 

 

HX0: For the - brand name – ad there is no difference between the proportion of correct answers on brand 

recall among individuals belonging to the Control group and those of the Test group 

HX: For the - brand name – ad there is no difference between the proportion of correct answers on brand recall 

among individuals belonging to the Control group and those of the Test group 

 

In order to understand to what extent participants were able to remember the ads, bar graphs were built, 

so to display frequencies and provide a general understanding of differences between Control and Test 

groups.  
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Expedia 
 

 

 

 

 

 

 

 

 

 

 

 

 

As shown in Figure 7, in both groups the level of ad recall was considerably high. The 89% of Control 

group participants remembered the brand displayed. In Test group, instead, the percentage reached was 

slightly higher than the one of Control, with almost 91% of correct answers by participants. Considering 

these aspects, it is possible to identify a more propensity of Test participant to recall the brand advertised, 

therefore 

H310 is rejected 

H31 is accepted 

 

  

Figure 7- Brand Recall Expedia 
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Jack Daniel’s 
 

 

 

 

 

 

 

 

 

 

 

 

 

For what concerns Jack Daniel’s (Figure 8), in the Test group the 100% of people remembered the Jack 

Daniel’s brand showed during. In Control group, instead, the 89%. The difference confirms H33, rather 

than H240, therefore: 

 

H330 is rejected 

H33 is accepted 

 

  

Figure 8- Brand Recall Jack Daniel's 
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Oreo 
 
 
 

 

 

 

 

 

 

 

 

 

 

Regarding Oreo (Figure 9), the differences between the two groups are minimal. In both Control and 

Test groups just one participant did not remember the Oreo brand displayed. Due to the sample size, 

however, Test group reached a 95,24% of affirmative responses, against the 94,4% of the Control group. 

Therefore, Test group performed slightly better than Control, bringing to the conclusion that: 

H350 is rejected 

H35 is accepted 

 

  

Figure 9- Brand Recall Oreo 



	 101	

 
Advertisement Recall 
 
In the following section are discussed the aspects related to advertisement recall. Participants were asked 

to remember for specific aspects of the displayed ads through three items in post-test questionnaire. In 

order to analyse the results, researchers posed questions so to eventually recodify them through the use 

of bivariate variables (i.e. Boolean variable).  

 

HX0: For the - brand name – ad there is no difference between the proportion of correct answers on 

advertisement recall among individuals belonging to the Control group and those of the Test group 

HX: For the - brand name – ad there is no difference between the proportion of correct answers on –

advertisement recall among individuals belonging to the Control group and those of the Test group 

 

In the following subparagraphs, therefore, bar graphs will be displayed in order to provide a general 

understanding of the measures recorded, eventually allowing to accept or reject the aforementioned 

hypotheses. 

 
 
Expedia 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

Figure 10- Ad Recall Expedia 
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By taking a look at the bar graph (Figure 10), the overall results allow us to hold H32. As a matter of 

fact, almost the 86% of Test participants were able to remember which was the set of the Expedia advert, 

against the 72% of the Control. Conversely, 5 participants out of 18 in Control took the wrong answer, 

against the 3 out of 21 of the Test group. Hence: 

H320 is rejected 

H32 is accepted 

Jack Daniel’s 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

In regard to Jack Daniel’s (Figure 11), the resulting difference in percentage supports H340. Indeed, 

Control group performed better in remembering where Jack Daniel’s was produced, with a frequency of 

the 83%, versus the 81% of the Test group. Again, 4 people choose the wrong place in Test group, against 

the 3 participant of Control group. Considering these aspects: 

H340 is rejected 

H34 is accepted 

 
 
 
  

Figure 11- Ad Recall Jack Daniel's 
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Oreo 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 

As displayed by the bar graph (Figure 12), Test group was outperformed by Control group, allowing 

researchers to confirm H360. As a matter of fact, only the 71% of participants in Test group were able to 

remember where the Oreo biscuit was travelling on in the displayed ad. While in control group just 1 

participant was not able to remember this peculiar aspect of the ad, in Test group 6 people failed in 

answering the question. Hence: 

H360 is rejected 

H36 is accepted 

 
 
  

Figure 12- Ad Recall Oreo 
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Attitude towards Brand 
 
In the following sections are presented the nine items of the questionnaire aimed at measuring the attitude 

towards each of the three brands displayed. In particular, participants were asked three questions about 

each brand.  The hypotheses drawn for attitude towards the brand read as follow: 

 
 

HX0: There is no significant difference in mean and variance of self-assessed attitude towards brand levels 

during the - brand name - ad between individuals belonging to the Control group and those in the Test group 

HX: There is a significant difference in mean and variance of self-assessed attitude towards brand levels during 

the - brand name - ad between individuals belonging to the Control group and those in the Test group 

 

In the next sections, recapitulatory tables will provide a general understanding of self-reported measures, 

and according to them, hypotheses will be then accepted or rejected. 

 
Expedia 
 

Table 29- Attitude Towards Brand Expedia 

Code Questions 
Test: P(T<=t) 

one-tail 
(a=0.05) 

Median 
Control 

Median 
Test 

sX 
Control 

sX 
Test 

Q27 How would you describe your overall 
opinion of the brand? 0.29 3.0 3.0 0,85 0,59 

Q29 How much.... [Do you trust the brand?] 0.15 3.0 3.0 0,85 0,69 
Q30 How much.... [Do you like Expedia?] 0.35 3.0 3.0 0,99 0,78 

 

As shown by Table 29, none of the three questions regarding Expedia allowed to identify a significant 

difference between Control and Test group, thus validating the H140 and declining the H14. Indeed, by 

looking at t-Test results, the p-values obtained are over the level of significance. Moreover, a closer look 

to medians and standard deviations confirms the lack of substantial differences between the two groups 

for each question considered. According to what has been said: 
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H140 is accepted 

H14 is rejected 

Jack Daniel’s 
 

Table 30- Attitude Towards Brand Jack Daniel's 

Code Questions 
Test: P(T<=t) 

one-tail 
(a=0.05) 

Median 
Control 

Median 
Test 

σX 
Control 

σX  
Test 

Q41 How would you describe your overall 
opinion of the brand? 0.18 4.0 4.0 0,78 0,86 

Q43 How much.... [Do you trust the brand?] 0.17 4.0 3.0 0,82 0,99 

Q44 How much.... [Do you like Jack 
Daniel's?] 0.37 3.0 2.5 1,19 1,17 

 

The questions measuring the subjects’ attitude towards Jack Daniel’s, again, do not prove any 

considerable variation in Control and Test groups (Table 30). The H210 is therefore accepted while H21 

refused. Hence: 

H210 is accepted 

H21 is rejected 

Oreo 
 

Table 31- Attitude Towards Brand Oreo 

Code Questions 
Test: P(T<=t) 

one-tail 
(a=0.05) 

Median 
Control 

Median 
Test 

σX 
Contr

ol 

σX 
Test 

Q55 How would you describe your overall 
opinion of the brand? 0.17 3.5 4.0 0,78 1,13 

Q57 How much.... [Do you trust the brand ?] 0.06 3.0 3.0 0,90 1,12 
Q58 How much.... [Do you like Oreo?] 0.03 4.0 4.0 0,98 1,27 

 

To what concerns Oreo, findings depict a double scenario (Table 31). In Q55 and Q57 the t-Test results 

confirm the hypothesis H280 of non-significance. However, Q58 holds a different view. According to 

this item, in fact, H28 is accepted. 
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To better understand the scenario, it is of use to analyse medians and standard deviations. In all the 

questions, median levels are basically identical. By looking at the standard deviations we can see how 

subjects of the Test group gave more polarized answers. Especially in Q58 standard deviation scored a 

remarkable 1,27 describing a scattered pattern of participants answers. Due to these aspects, it is not 

possible to provide a univocal outcome, therefore neither H280 or H28 are accepted or rejected. 

 

Attitude towards Ads 
 
The attitude towards the Ads was analysed by the use of three items, one for each advertisement. The 

resulting hypotheses are, again, three and for all of them the structure is as follows: 

 
HX0: There is no significant difference in mean and variance of self-assessed attitude towards ad levels during 

the - brand name - ad between individuals belonging to the Control group and those in the Test group 

 

HX: There is a significant difference in mean and variance of self-assessed attitude towards ad levels during the 

- brand name - ad between individuals belonging to the Control group and those in the Test group 

 

In the next sections, recapitulatory tables will provide a general understanding of reported measures, and 

according to them hypotheses will be then accepted or rejected. 

 
Expedia 
 

Table 32- Attitude Towards Ad Expedia 

Code Questions Test: P(T<=t) 
one-tail (a=0.05) 

Median 
Control 

Median 
Test 

σX 
Control 

σX 
Test 

Q28 How much.... [Did you 
enjoy the Ad?] 0.35 4.0 5.0 0,85 0,99 

 
By taking a look at the Expedia ad outcomes (Table 32), it becomes clear how there are no elements 

confirming a significant difference between control and test group in attitude towards the advertisement. 
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Despite an overall higher level of the enjoinment of the Ad in Test group, this is not enough to spot a 

significant difference between Control and Test groups, therefore: 

H150 is accepted 

H15 is rejected 

 
Jack Daniel’s 
 
Table	33-	Attitude	Towards	Ad	Jack	Daniel's	

 
In regard to Jack Daniel’s (Table 33), the null hypothesis is proven by the obtained p-value, over the 

significance level established (alpha level = 0.05). Also, median and standard deviation do not point out 

any significant difference between Control and Test group answers, bringing to the conclusion that: 

H220 is accepted 

H22 is rejected 

Oreo 
 
Table 34- Attitude Towards Ad Oreo 

Code Questions Test: P(T<=t) 
one-tail (a=0.05) 

Median 
Control 

Median 
Test 

σX 
Control 

σX 
Test 

Q56 How much.... [Did you enjoy 
the Ad?] 0.06 3,0 3,0 1,35 1,35 

 
To what concerns the Oreo advertisement (Table 34), level of enjoinment responses between the two 

groups were found to be significantly similar. This is confirmed by level of median and standard 

deviation, reaching exactly the same level in both Control and Test group. However, it is interesting to 

notice how in both groups the answers were quite dispersed, as confirmed by the high level reached by 

standard deviations. Hence: 

H290 is accepted 

H29 is rejected 

 

Code Questions Test: P(T<=t) 
one-tail (a=0.05) 

Median 
Control 

Median 
Test 

σX 
Control 

σX 
Test 

Q42 How much.... [Did you enjoy 
the Ad?] 0.27 3,5 3,5 1,02 0,91 
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Summing up, to what concerns the attitude toward the advertisement, it can be stated that in all the three 

advertisements object of the study there are no significant differences between Control and Test groups.  

 

Purchase intention 
 
In this section is presented the last variable taken into consideration for advertising effectiveness: 

Purchase Intention. The purchase intention of subjects was measured through the use of three items, one 

for each advertisement. The hypotheses built upon this subject were three, each of which is formulated 

according to this structure: 

HX0: There is no significant difference in mean and variance of self-assessed purchase intention levels during 

the - brand name - ad between individuals belonging to the Control group and those in the Test group 

HX: There is a significant difference in mean and variance of self-assessed purchase intention levels during the 

- brand name - ad between individuals belonging to the Control group and those in the Test group 

 

In the next sections, recapitulatory tables will provide a general understanding of self-reported measures 

and, according to them, hypotheses will be then accepted or rejected. 

 
Expedia 
 

Table 35- Purchase Intention Expedia 

Code Questions 
Test: P(T<=t) 

one-tail 
(a=0.05) 

Median 
Control 

Median 
Test 

σX 
Control 

σX 
Test 

Q39 

Should you have to buy a trip for a 
friend, how likely would you consider 

Expedia? 
 

0.41 3.0 2.0 0,98 1,03 

 
According to results recorded for Expedia (Table 35), the hypothesis H160 – on the presence of a non-

significant difference in purchase intentions between Control and Test group- is confirmed by the 

obtained p-value. It is interesting to mention how, by looking at median obtained in Test group, there is 
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an overall low probability among its subjects to consider Expedia when buying a trip. This result is 

consistently lower than the value obtained in Control group (3), also considering the 5-point Likert scale 

employed for the study. Overall: 

H160 is accepted 

H16 is rejected 

Jack Daniel’s 
 
Table 36 - Purchase Intention Jack Daniel's 

Code Questions 
Test: 

P(T<=t) one-
tail (a=0.05) 

Median 
Control 

Median 
Test 

σX 
Control 

σX 
Test 

Q53 

Should you have to buy a whiskey for a 
friend, how likely would you consider 
buying Jack Daniel's ? 
 

0.38 4,0 4,0 1,1 1,04 

 
As shown by Table 36 also in the case of Jack Daniel’s the difference between the two groups is not 

significant. The t-Test, in fact, rejects H23. Differently from Expedia, however, in both groups it can be 

recognized a general attitude to consider Jack Daniel’s when buying a whiskey, as supported by the high 

median levels. Therefore: 

H230 is accepted 

H23 is rejected 

 
Oreo 
 

Table 37- Purchase Intention Oreo 

Code Questions 
Test: P(T<=t) 

one-tail 
(a=0.05) 

Median 
Control 

Median 
Test 

σX 
Control 

σX 
Test 

Q67 
Should you have to buy biscuits for 

breakfast, how likely would you consider 
buying Oreo? 

0.03 1,5 3,0 1,22 1,19 

 
To what concerns Oreo (Table 37), all the variables of interest point toward a consistent level of 

difference between Control and Test groups. As a matter of fact, the t-Test result displays a significant 
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difference between groups. Also, taking into consideration the median, it is easily noted how the Control 

group, despite a consistent polarization of answers, scored just 1.5, half of the value scored in Test group. 

According to what has been said: 

H300 is rejected 

H30 is accepted 

 

Physiological arousal during adverts 
 

Our final results report the subjects’ levels of physiological arousal during the three ads: Expedia, Jack 

Daniel’s and Oreo. Again, as for the previous overview given for H8 and H9, adverts’ data for peaks 

frequency and amplitude across the two groups will be reported and used to either accept or reject 

hypotheses H37 to H42. These hypotheses were formulated as following: 

 

HX0: There is no significant relationship between the -variable- of Control group and the -variable- of 

Test group during the - brand name – advertisement 

HX: There is a significant relationship between the -variable- of Control group and the -variable- of 

Test group during the - brand name – advertisement 

 

Peaks Count and Amplitudes for Expedia 
 

The Expedia ad had a duration of 90seconds and analysed by us over 19 moments of 5-seconds each. 

Five extra seconds equally distributed immediately before and after its beginning were thus included. A 

complete overview of the obtained peaks’ count and amplitude values for Expedia can be found in 

Appendix 6  

 

The distribution of the overall number of peaks during the Expedia ad can also be seen in Figure 13. 
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Results from the analysis of the frequency of peaks can instead by found in Table 38. 

 

Table 38- Peak Count Expedia 

N. of Moments 

Tot. Peaks 

Count Control 

Tot. Peaks 

Count Test 

Pearson 

Correlation Significance ΔC > ΔT* ΔT > ΔC 

19 128 130 0,016 0,946107606 14 5 

* Total number of moments in which the Control group had a higher peak count than the Test group. The size of each 

peak count, for both groups, was calculated relative to its relative hypothetical maximum value which equals the size 

of the sample 

     

According to our results subjects in the Control and Test groups experienced a very similar total number 

of peaks. However, we should also remember how the two samples differ in size: 18 participants in the 

Control and 21 in the Test. The level of significance reported also tells us how it is not possible to accept 

the Presence of a significant relationship between the recordings of the two groups. Therefore:  

H370 is accepted 

H37 is rejected 

 

Figure 13 - Peak Count Expedia 
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For what regards the amplitude levels of the peaks experienced during the Expedia ad, ad overview can 

be obtained by looking at Figure 14.  

 

 
Figure 14- Amplitude of Peaks Expedia 

 

The results comparing the recorded averages for amplitude of peaks between the two samples can be 

seen in Table 39. 

Table 39- Amplitude of Peaks Expedia 

N. of 

Moments 

Avg. 

Amplitude/Mo

ment Control  

Avg. 

Amplitude/M

oment Test 

σX 

Control 

σX 

Test 

Pearson 

Correlation 
Significance 

ΔC > 

ΔT* 

ΔT > 

ΔC 

19 0,105657312 
µS 

0,07428789 
µS 

0,0637 0,0305 0,159408 
 
0,443248248 
 

10 9 

* Total number of moments in which the Control group had a higher average peak amplitude than the Test group.  

 

By looking at Table 39 we can see how also for the amplitude of peaks between the two groups it is not 

possible to assess any significant relationship. For Expedia then, this leads us to accept again our null 

hypothesis: 

H380 is accepted 

H38 is rejected 



	 113	

 

From the results displayed in Table 38 and Table 39 it is also possible to see how, while the total number 

of moments in which the Control group had a higher relative number of peaks compared to the test group, 

the average value for their amplitudes is almost identical. This could indicate, for example that, despite 

a higher number of arousing moments, the control group did not have particularly different levels of 

arousal intensity.  

 

Peaks Count and Amplitudes for Jack Daniel’s 
 
Among the three ads presented, the Jack Daniel’s one was the longest, with a total duration of 160 

seconds. The extracted EDA recordings were thus analysed over 32 moments of 5-seconds each. The full 

overview of the obtained peaks’ count and amplitude values for Jack Daniels’ can be found in Appendix 

7.  

 

The distribution of the overall number of peaks during the Jack Daniel’s can be seen in Figure 15. Also, 

the elaborated results are presented in Table 40.  

  

Figure 15- Peak Count Jack Daniel's 
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Table 40- Peak Count Jack Daniel's 

N. of 

Moments 

Tot. Peaks Count 

Control 

Tot. Peaks 

Count Test 

Pearson 

Correlation Significance ΔC > ΔT* ΔT > ΔC 

32 170 132 0,194 0,2877 29 3 

 

* Total number of moments in which the Control group had a higher peak count than the Test group. The size of each 

peak count, for both groups, was calculated relative to its relative hypothetical maximum value which equals the size 

of the sample 

 

The results displayed in Table 40 allow us to discard H39 since no significant correlation was found 

between the peak counts of the two groups. 

H390 is accepted 

H39 is rejected. 

 

Interestingly, we can also see how the total number of peaks experienced by both groups did not change 

much from the values obtained for the Expedia ad. In particular, and despite the longer duration of the 

ad, subjects of the Test group had almost the same number of total peaks -132 instead of 130.  Moreover, 

compared to participants of the Test sample, a higher percentage of subjects of the Control group were 

aroused from the ad. In order to have an additional insight on the level of arousal experienced by 

individuals, we can again go see the average amplitude of their responses in presented in Figure 16 and 

analysed in the following Table 41. 
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Figure 16- Amplitude of Peaks Jack Daniel's 

 

Table 41- Amplitude of Peaks Jack Daniel's 

 

* Total number of moments in which the Control group had a higher average peak amplitude than the Test group. 

 

As indicated by obtained the level of significance reported in Table 41, it is not possible to assess the 

existence of a significant correlation between the average SCRs’ amplitudes experienced by the two 

groups. Therefore: 

H400 is accepted 

H40 is rejected 

 

 

N. of 

Moment

s 

Avg. 

Amplitude/Mome

nt Control 

Avg. 

Amplitude/M

oment Test 

σX 

Control 

σX 

Test 

Pearson 

Correlation 
Significance 

ΔC 

> 

ΔT* 

ΔT 

> 

ΔC 

32 0,1059985µS 0,0993222µS 0,0579 0,0607 -0,120194 
 
0,5123073 
 

17 17 
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Peaks Count and Amplitudes for Oreo 
 

With its 60seconds of length, Oreo was the last and shortest ad presented to participants. For our analysis, 

the total duration of the ad was divided into 13 different moments of 5-seconds each which also include 

5 seconds of buffer distributed before the head and after the end of the ad.  The complete display of the 

aggregated EDA values for Oreo can be found in Appendix 8.  

 

An overview on the overall number of peaks experienced by subjects during the Oreo ad can be seen in 

Figure 17. Furthermore, data resulting from the elaboration of results are exhibited in Table 42. 

 

 

 

Table 42- Peak Count Oreo 

N. of Moments 
Tot. Peaks 

Count Control 

Tot. Peaks 

Count Test 

Pearson 

Correlation 
Significance ΔC > ΔT* ΔT > ΔC 

13 78 66 -0,288 0,3403 10 3 

* Total number of moments in which the Control group had a higher peak count than the Test group. The size of each 

peak count, for both groups, was calculated relative to its relative hypothetical maximum value which equals the size 

of the sample 

 

Figure 17- Peak Count Oreo 
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As with the other ads, also for Oreo the null hypothesis H410 is not rejected by the obtained level of 

significance. Because of this:  

H410 is accepted 

H41 is rejected 

Finally, and to address our final set of hypotheses, the average levels of peaks’ amplitude scored by 

samples’ subjects for the Oreo ad are displayed in Figure 18. Also, he corresponding statistics are 

reported in Table 43. 

 

Table 43 - Amplitude of Peaks Oreo 

N. of 

Moments 

Avg. 

Amplitude/Mo

ment Control 

Avg. 

Amplitude/Mo

ment Test 

σX 

Control 

σX 

Test 

Pearson 

Correlation 
Significance 

ΔC 

> 

ΔT* 

ΔT 

> 

ΔC 

13 0,103728026µS 0,102158194µS 0,05549 0,0829 0,4139493 
 
0,159676 
 

8 5 

* Total number of moments in which the Control group had a higher average peak amplitude than the Test group. 

 

Figure 18- Amplitude of Peaks Oreo 
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As it can be seen in Table 43, the obtained results do not allow us to accept H42. Therefore, the average 

values for amplitude across the two samples cannot be considered significantly correlated. 

 

H420 is accepted 

H42 is rejected. 

 
As final remark, it is interesting to see how also in this case the overall number of SCRs peaks elicited 

by the ad was higher among individuals of the control group. Together with what reported before, this 

finding confirms us that -along all the three adverts-  among all participants, a higher proportion of those 

who experienced SCRs peaks in response to content belonged to the control group. At the same time 

however, the uncovered differences four arousal amplitude levels were only marginal, this indicating us 

that: although more elicited, subjects of the control group did not have stronger emotional reactions. 
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Summing up on Results  
Having presented our results, individually organized along their respective hypotheses, we will now 

summarize our main findings. Moreover, an overview about the accepted and rejected hypotheses will 

be provided.  

 

Measuring Presence 
To measure the level of Presence experienced by participants, subjects belonging to the Control and Test 

groups were asked to answer seven categories of questions and assign their self-assessment scores. These 

categories, representing the Presence-related variables delineated on the basis of our theoretical 

framework were: transportation, interaction, mediation awareness, quality, realism, identification and 

arousal.  Our working hypotheses aimed at uncovering the significance level of possible differences in 

questionnaires’ scores among subjects of the two samples. Differences were tested at the overall 

experience level (H1 to H6) as well as for each ad: H10-H12, H19-H21 & H28-H30.     

 

Transportation 
  

 The level of transportation achieved by participants was assessed at 

the overall experience level as well as for each one of the three adverts 

(see Table 44-45). At the overall experience level, it was not possible 

to find any significant difference among Control and Test subjects’ self-

assessments scores. In particular, no significant difference in responses 

was found for Expedia and Jack Daniel’s. For Oreo, instead, results 

showed a significant (p < 0.02.) difference in responses’ means in 

favour of the Test group. Going back to the Expedia ad, it is noteworthy, 

that for it the median answer score for transportation resulted the 

highest (4) across all three adverts and all participants.  Similarly, for 

Expedia and Jack Daniels’ was found no significant difference in 

responses.  

Overall 
Transportation 

H10 Accepted 
H1 Rejected 

Adverts 
Transportation 

Expedia H100 Accepted 
Expedia H10 Rejected 
Jack D.H190 Accepted 
Jack D.H19 Rejected 
OreoH280 Rejected 
OreoH28 Accepted 

 Table 44 – Transportation Results Overview 

Table 45 – Transportation Ads. Results 
Overview 
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Finally, instead, for Oreo results reported a significant (p < 0.02.) difference in responses’ means in 

favour of the Test group. It is however interesting to note how for Expedia, the median answer score for 

transportation among all participants resulted the highest (4) across all three adverts.   

 
Interaction 
 
The level of interaction perceived by participants was assessed at the 

overall experience level through the use of two items in the questionnaire 

(see Table 46). Despite having obtained evidences in favour of a 

significant difference in mean responses for one of the two items, the same 

was not possible for the other. Because of this, the set of hypotheses H20& 

H2 was neither accepted nor rejected. However, it is interesting to note 

how for the answer differences which passed our t-Test, the highest median 

score was achieved by the Control group. Indeed, compared to their 

counterparts using VR, subjects watching in 2D answered on average to 

have felt more in control of the experience.    

 

Mediation Awareness 
 
Participants were asked for mediation awareness through one item included 

in the questionnaire. For this variable, the obtained P-Value (0,089), allow 

us to confirm our null hypothesis H30, i.e. the absence of a significant 

difference in answers between the two subject samples (see Table 47).   

Quality 
 
Results showed a significant difference (p < 0.05) in median value between 

the two groups’ responses self-assessing the overall quality of the video. 

Therefore, our null hypothesis H40 is rejected. Worth mentioning, however, 

how, the difference in perceived quality is due to Control subjects’ having 

given, on average, a higher score for quality than participants in the Test 

group (see Table 48). 

Overall Interaction 

H20 N/A 

H2 N/A 

Overall 
Mediation Awareness 

H30 Accepted 
H3 Rejected 

Overall Quality 

H40 Rejected 
H4 Accepted 

Table 46 – Interaction Results Overview 

Table 47 – Mediation Aw. Results Overview 

Table 48 – Quality Results Overview 
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Realism 
 
The degree of realism was assessed by two questionnaire items. The 

analysis of answers to both of them reported very similar median and 

standard deviance values across the two samples (Test vs. Control group) 

and non-significant difference between them. Because of this, H50 was 

accepted (see Table 49).  

 

Identification 
 

Finally, viewers’ level of identification with the content was assessed both 

at the overall experience and at the single advert’ s level. Subject’s responses 

about their general level of perceived identification during the whole 

experience reported a significant difference in results between the two 

groups (see Table 50). Indeed, participants in the Test group could, 

on average, identify more with the content than Control subjects  

 

Differently from results referring to the overall experience, results of 

t-Tests run on adverts’ self-assessed levels of Identification reported, 

for the three of them, non-significant results. Therefore, H12, H19 and 

H26 are rejected (see Table 51).  

 

 

 

 

  

Overall 
Realism 

H50 Accepted 

H5 Rejected 

Overall 
Identification 

H60 Rejected 
H6 Accepted 

Adverts 
Identification 

Expedia H120 Accepted 
Expedia H12 Rejected 
Jack D.H190 Accepted 
Jack D.H19 Rejected 
OreoH260 Accepted 
OreoH26 Rejected 

Table 49 – Realism Results Overview 

Table 50 – Identification Results Overview 

Table 51 – Identification Results Ads. Overview 
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Measuring Arousal  
 

The level of arousal experienced by participants during the study was assessed both through items in the 

questionnaire and by the physiological data extracted from EDA measurements performed through a 

Shimmer3 GSR+. As done with other variables - such as transportation and identification - the level of 

arousal was assessed at both the overall experience level and for each single advert. Summarized below, 

are the results obtained from the self-assessed questionnaire items together with those coming from SCRs 

peak counts and amplitude levels analysis. 

 

Self-Assessed Arousal 
  
Subjects self-assessed scores for arousal were measured with two items 

of our questionnaire. For both of them, we found a significant (p <0.05) 

difference among answers of the two samples in favour of the Test group 

(see Table 52). Test (VR) subjects, indeed, gave on average more 

favourable answers to both questions. If this was the situation when 

referring to the whole VR vs. 2D experience (our entire test-film), when 

looking at the single advert level (see Table 53) we noticed that no 

difference in arousal existed between the 2D/VR versions of the Expedia 

and Jack Daniel’s ads.  whereas in the case of Oreo’s, subjects in the Test 

group (VR) found it more able to transmit them happiness than Control 

subjects did. 

 

Physiological arousal 
 
At the study level (whole test-film), EDA data revealed a significant (p < 0.001) positive correlation 

between the overall occurrence of SCR peaks in the Control group vs the Test group. Therefore, H8 was 

accepted. Moreover, during the whole duration of the experiment, members of the Control group were 

also found to have a higher chance to be found aroused than those in the Test group.  

Overall 
Arousal-Self Assessed 

H70 Rejected 
H7 Accepted 

Adverts 
Arousal- Self Assessed 

Expedia H110 Accepted 
Expedia H11 Rejected 
Jack D.H180 Accepted 
Jack D.H18 Rejected 
OreoH250 Rejected 
OreoH25 Accepted 

Table 52 – Arousal Results Overview 

Table 53 – Arousal Results Ads. Overview 
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For what regards the amplitude, differently from peaks’ occurrence, it 

was not possible to assess a significant correlation between the data 

obtained from the two groups. Therefore, H9 was rejected. Also, and 

similarly for the case of peaks’ count, for any occurred peak, subjects of 

the control group were found to have experienced a higher average peak 

amplitude than members of the test group (see Table 54).  

 

At the ads level, no significant correlation was found for neither 

peaks’ occurrence or amplitude among the two groups for any of the 

three adverts. Therefore, H37- H42 were rejected (see Table 55).  

Again, in all three adverts, subjects of the Control group where found 

to have a higher chance to be aroused than their counterparts of the 

Test group. However, comparing results for each ad within each 

sample (see Table 56), we can see how EDA data indicate how, for 

both groups, the most arousing advert was Expedia, followed by Oreo 

and Jack Daniel’s. 

 

 

 Control 

Peaks/moment 

Test 

Peaks/moment 

Average Peak 

Amplitude Control 

Average Peak 

Amplitude Test 

Expedia  6,7 6,8 0,105 µS 0,074 µS 

Jack Daniel’s 5,3 4,12 0,105 µS 0,099 µS 

Oreo 6 5,02 0,1037 µS 0,102 µS 

 

 
  

Overall 
Arousal- Physiological 

H80 Rejected 
H8 Accepted 

H90 Accepted 

H9 Rejected 

Adverts 
Arousal- Physiological 

Expedia H370 Accepted 
Expedia H37 Rejected 
Expedia H380 Accepted 
Expedia H38 Rejected 
Jack H390 Accepted 
Jack H39 Rejected 
Jack H400 Accepted 
Jack H40 Rejected 
OreoH410 Accepted 
OreoH41 Rejected 
OreoH420 Accepted 
OreoH42 Rejected 

Table 54 – Phy. Arousal Results Overview 

Table 55 – Phy. Arousal Results Ads. Overview 

Table 56 – Phy. Arousal Results Ads. Overview 2 
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Advertising Effectiveness 
 
In the following subparagraphs, results of the variables measuring the advertisement effectiveness are 

summarized. 

 

Brand Awareness 
 

The brand awareness levels reached in the three ads object of the 

experiment were not consistently different between Control and Test 

group (p > 0.05). Therefore, all the null hypotheses were confirmed (see 

Table 57). 

 

Brand Recall 
 
In the exposed three items of the questionnaire, Test group performed 

generally better than Control ones. This means that the VR setting (Test 

group) enabled participants to remember better the brand advertised in 

the commercials compared to the 2D one. Therefore, all the null 

hypotheses were confirmed. (see Table 58). 

 

Ad Recall 
 
Regarding the ad recall task presented to participants during the post-

test questionnaire, Test subjects performed -on average- better in one 

of the three adverts shown during the experiment: Expedia. The Control 

group instead, succeeded in Jack Daniel’s and Oreo sections (see Table 

59). The scenario leaves to possible considerations in the discussion 

session, since there is not a univocal result.  

 

 

Brand Awareness 
Expedia H130 Accepted 
Expedia H13 Rejected 
Jack D. H200 Accepted 
Jack D. H20 Rejected 

Oreo H270 Accepted 
Oreo H27 Rejected 

Brand Recall 
Expedia H310 Rejected 
Expedia H31 Accepted 
Jack D. H330 Rejected 
Jack D. H33 Accepted 
Oreo H350 Rejected   
Oreo H35 Accepted 

Ad Recall 
Expedia H320 Rejected 
Expedia H32 Accepted 
Jack D. H340 Accepted 
Jack D. H34 Rejected 
Oreo H360 Rejected 
Oreo H36 Accepted 

Table 57 – Brand Awareness Results Overview 

Table 58 – Brand Recall Results Overview 

Table 59 – Ad Recall Results Overview 
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Attitude towards Brand 
 

 By comparing the ads, it is possible to observe how results generally 

do not point toward a significant difference between Control and Test 

groups in brand attitude aspects, except for Oreo (see Table 60).  As a 

matter of fact, in 1 out of 3 items meant to measure attitude toward 

(Oreo) ad, findings showed significant (p< 0.05) differences among 

answers of the two samples. Due to this element, it was not possible 

for researchers to provide a univocal response regarding the Oreo ad.  

 
Attitude towards Ad 
 
To what concerns the attitude toward the ad, it can be noted how, in all 

the three advertisements object of the study, participants of both Control 

and Test groups performed similarly. In Expedia, however, it is 

recorded an overall lower ad enjoyment in Control group (4) compared 

to the Test one (5). Despite this, the p-value allow us to confirm a non-

significant difference between Control and Test groups, therefore all the 

null hypotheses are accepted (see Table 61). 

 
Purchase Intention 
 
The purchases intention assessed in Expedia and Jack Daniel’s in 

both Control and Test were considered non-significantly different by t-

Test results. However, considering the median values, Jack Daniel’s 

scored relatively high in both groups, suggesting an high consideration 

of the brand when participants are asked to buy a whiskey. Differently 

from the previous results, in Oreo the hypothesis of significant 

difference between Control and Test was confirmed. In addition, 

participants of the Control group showed an overall small opinion of 

the brand when deciding to buy biscuits (see Table 62).  

Attitude towards the Brand 
Expedia H140 Accepted 
Expedia H14 Rejected 
Jack D. H210 Accepted 
Jack D. H21 Rejected 
Oreo H280 N/A Oreo H28 

Attitude towards the Ad 
Expedia H150 Accepted 
Expedia H15 Rejected 
Jack D. H220 Accepted 
Jack D. H22 Rejected 
Oreo H290 Accepted 
Oreo H29 Rejected 

Purchase intention 
Expedia H160 Accepted 
Expedia H16 Rejected 
Jack H230 Accepted 
Jack H23 Rejected 
Oreo H300 Rejected 
Oreo H30 Difference 

Table 60 – Att. Towards Brand  Results Overview 

Table 61 – Att. Towards Ad  Results Overview 

Table 62 – Purchase Int.  Results Overview 
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Discussion 
 
With our study, we wanted to test the ability of two different mediating technologies – 2D screens versus 

VR headsets - to affect viewers’ experienced levels of Presence and Arousal. Also, we wanted to test 

whether differences for advertising effectiveness could be observed.  

 

In order to grasp the concept of Presence in the context of mediated experiences, the effect of different 

variables should be considered. As a matter of fact, Presence emerges as being a “multi-component 

construct” (Baños et al., 2004) in which different interrelated variables reinforce each other. Their action 

is oriented at trying to move the point of view and stand of action of viewers from the real world to inside 

the content presented through technology. Variables for Presence can be divided into those concerned 

with media-characteristics and those that - instead - consider user-characteristics. After having reviewed 

how different authors had, in the years, contributed with their models in framing the concept of Presence, 

we chose for our study those user- and media-based variables which can find the broadest support in 

current literature and that have been also successfully tested for being associated to Presence in Virtual 

Environments.  

 

Our first variable, transportation, represents the objective measure of immersion that a medium is able 

to elicit in viewers (Slater & Wilbur, 1997). Virtual Environments are deemed to foster transportation 

through the allowed level of sensory absorption (Kalawsky, 200), interaction (Slater & Wilbur, 1997) 

and mediating directness (Tal-Or & Cohen, 2010). Following, we considered the effect of mediation 

awareness. According to Steuer (1992) virtual environments are able to immerse us, at the same time, in 

two different worlds from which we receive contrasting sets of stimuli. To become Present in VR then, 

one has to fully focus his senses towards the synthetic environment, thus abstracting himself from the 

real world (Kim & Biocca, 1997), and achieving a “perceptual illusion of non-mediation” (Lombard & 

Ditton, 1997).  

 

Virtual environments also allow users to achieve quite elevated levels of interaction both with the 

computer-generated content and with other real -life individuals. Again, through this interaction, users 

can achieve telepresence (Sheridan, 1992). The two-final media-related variables for Presence that we 
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considered are realism and quality.  Where quality refers to the representation richness of a mediated 

environment (Steuer, 1992) and realism to its fidelity in reproducing the real world (Baños, 2000). 

 

For our experiment then, as media-related variables for Presence we considered transportation, mediation 

awareness, interaction, realism and quality. Moreover, to control the effect of users’ characteristics as 

well, we included further variables in our framework for Presence: users’ identification and arousal 

levels. Indeed, virtual environments have been proven by literature to be able to elicit in viewers 

emotional reactions and thus, arousal (Schuemie et al., 2001; Macedonio et al., 2007; Bailey et al., 2012; 

Estupiñán et al.,2014). In turn, arousal in VR was proven to foster Presence (Riva et al., 2007; Diemer et 

al., 2015).  

 

Having literature proven the effect of our chosen variables on Presence, we wanted to compare this effect 

across two different mediating technologies: VR and 2D displays. Being quite different from previous 

mediating technologies, VR is presented by many as a game changer being characterised by hardware 

features especially designed to foster viewers’ in-depth immersion. By showing the same piece of content 

– and thus controlling for its effect- on a 2D display and in VR, we wanted to assess whether, indeed, 

this new mediation technology alone - at its current state of development - was able to increase the effect 

of our chosen Presence-related variables.  

 

Our study was therefore designed as a first exploratory attempt to compare the levels of Presence 

achieved in VR and 2D for a same set of marketing contents. Differently from previous literature, where 

similar comparisons were made for stimuli specifically designed to leverage on individual Presence-

related variables, we wanted to test for possible differences in Presence when using available marketing 

contents as stimuli.  

 

In other words, our purpose was to test whether, for delivering everyday marketing content, VR could be 

considered significantly better suited than traditional 2D displays to foster Presence and Arousal in 

viewers. 
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Our results do not allow to demonstrate any significant difference to exist in subjects’ responses for most 

of our chosen Presence-related variables no matter whether they were in the Control (2D) or the Test 

(VR) group.  

 

In particular, overall self-assessed levels of transportation, mediation awareness and realism scored on 

average, quite similar among all participants to our experiment, irrespectively of their belonging to the 

Test or Control group. Moreover, regarding the level of interaction perceived by subjects, it was not 

possible for us to neither confirm nor refute our experimental hypotheses.  

 

Furthermore, on the perceived levels of quality and identification with the narrative, collected data point 

to contrasting results. As a matter of fact, whereas members in the control group found the content 

presented to them of a significantly better quality than those in the Test Group, the latter reported to have 

experienced, on average, higher levels of identification.  

 

Changing point of view, and trying to look at the self-assessed levels for Presence-related-variables 

scored by each advert, again no significant differences were found between Control- vs Test-

group’s   both for Expedia and Jack Daniel’s ads. As a matter of fact, despite self-reported scores indicate 

Expedia’s as the most absorbing experience, no difference in Presence ratings was found in the Control 

vs the Test group. In this setting, indeed, the only ad found significantly more absorbing and arousing by 

one (the Test) of the two groups was Oreo.    

 

Up to this point then, of the six Presence-related variables we took into consideration: 

a) three: transportation, mediation awareness and realism, did not show any significant overall difference 

to exist between the two groups (i.e. when comparing 2D and VR); 

b) one: – interaction- could not be determined;  

c) two: -quality and identification- favoured in different ways control and test subjects.  

 

Arousal seems then to be the tip of the scale for deciding whether the subjects who watched the video in 

VR could be considered more Present than those who saw it in 2D.  In approaching the discussion on 
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participants’ arousal levels during the experiment it is, above all, interesting to compare the results 

obtained through self-assessment with the more objective ones extracted from EDA measurements.   

 

According to what uncovered by analysing the questionnaire, the overall experience was found to be 

more arousing by subjects belonging to the Test group. This difference between the two groups was also 

underlined by the only positive finding on the t-Test obtained - for Oreo - on self-assessed arousal scores 

for adverts.  

 

However, subjects’ judgment for own self-assessed level of arousal appears to clash with their own EDA 

physiological recordings. As a matter of fact, extracted SCR information presented us a scenario in 

which, for any given moment (t) of our experiment, members in the Control group had a higher chance 

to be found aroused than those in the Test group. Because of this, we cannot support subjects’ self-

assessed perception (translated in to higher scores) that the video in VR was, on average, more arousing. 

 

Having found in physiological results persistent and objective proof of a higher chance of arousal for 

control subjects, when confronted with the contrasting results emerging from self-assessed scores 

analysis, we decided to consider the former (i.e. EDA records) more accurate. 

 

With this in mind, and upon considering the scores for quality-rating that we commented above, we might 

be tempted to conclude that subjects in the control group would have been more Present than those 

watching the video in VR. However, upon also taking into account the unclear results obtained for 

transportation, mediation awareness, realism and interaction, our conclusive view instead is that no 

significant overall difference could be found for levels of Presence between the two groups.  
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Making the point on advertising effectiveness 
 

In our study, the variables examined to measure ads’ effectiveness were: brand awareness, brand recall, 

ad recall, attitude towards brand, attitude towards ad and, finally, purchase intention. Together with 

arousal, transportation and identification, these dimensions were employed by us to spot and investigate 

eventual differences emerging for advertisement effectiveness between the 2D display and VR set-ups.  

 

For all the three ads under scrutiny, our results (based on self-assessment analysis) regarding brand 

awareness, attitude toward the ad and toward the brand, do not show any significant difference to exist 

among all our participants. Significant discrepancies were found instead for ad recall, brand recall, and 

purchase intention.  

 

For what concerns brand recall, for each advert, Test group participants were found to have higher recall 

capabilities than subjects in the Control group. This finding, paired with physiological EDA recordings, is 

in line with previous results obtained by academia. As a matter of fact, despite it has been demonstrated 

how arousing piece of contents can be positively correlated with recall and awareness (Singh et al., 1987), 

it was also found how this relation could only be valid for the more physical characteristics of the product. 

Because of this, higher levels of arousal could be considered as working against the recall of semantic 

elements such as branding information – the so called “Yerkes-Dodson Effect” - (Singh et al., 1987; 

Pham, 1992). Getting back to our results then, a possible explanation for our findings would be that - due 

to a higher level of arousal (as proven through EDA recordings) - subjects in the Control group were 

indeed less likely to remember brand elements than participants in the Test group.  

 

This connection between arousal and recall emerges as well from our findings related to self-assessed 

levels of ad recall for the Expedia ad. Indeed, for this advert, a difference in ad recalling scores was found 

between control and test subjects, with the latter displaying a better recalling ability. However, and in 

contrast with what uncovered for Expedia, for Oreo and Daniel’s differences in responses were found 

favouring subjects of Test group.   
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Finally, regarding the scores for purchase intention, while no significant results were found for Expedia 

or Jack Daniel’s, it was possible to assess a significant difference favouring the Test group for the Oreo 

ad.  

 

In conclusion, to measure advertising effectiveness six variables where considered: brand awareness, 

brand recall, ad recall, attitude towards the brand, attitude towards the ad and purchase intention. Of 

them, three (brand awareness, attitude towards ad and attitude towards the brand) reported no significant 

difference in responses among participants for all three ads. For the remaining three variables (brand and 

ad recall, and purchase intention), instead, contrasting results were found favouring either subjects in the 

control group or those in the test one. Because of this, and as it was the case with Presence related 

variables, we did not find any significant overall difference to exist in advertising effectiveness between 

the two mediation technologies we employed. 

Final conclusions  
The purpose of this research was to investigate whether the use of two different mediating technologies 

–2D displays and VR headsets-  could affect in different ways the levels of Presence and Arousal 

experienced by users for a same piece of contents. In particular, we wanted to assess to which extent 

modern VR technologies could represent a more effective advertising media than traditional displays. 

The choice of focusing our study on assessing viewers’ levels of Presence and Arousal was driven by the 

relevance given to these two variables by the existing body of literature about mediated experiences. 

According to it, we designed and employed our theoretical framework and presented our working 

hypotheses, developed in order to test the existence of significantly different levels of presence, arousal 

and advertising effectiveness between subjects exposed to a same piece of contents through the two 

mediums.  The obtained findings did not report any significant and conclusive difference to exist for 

overall levels of Presence and Advertising Effectiveness between the two mediation technologies. 

However, differences in Arousal could be found in favour of participants exposed to the experimental 

stimulus on the 2D display. Drawing on our findings it therefore appears to us that the state of the art of 

VR technology may yet not allow for it to represent, the marketing breakthrough outperforming 

traditional 2D displays.  expected by many 
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Limitations 
 
In the following section, aspects regarding the design and the methodological approach are critically 

reviewed to identify limitations hindering the generalizability, the applicability and the utility of the 

findings presented in the study. The authors have recognized three main classes of limitations related to 

the sample, the instruments and the experiment setting. 

Sample 
 
One of the aspects improvable in the present study is the sample size. Study findings acquire more 

validity, reliability and generalizability the bigger is the sample considered, especially in cases of 

quantitative studies (Sounders et al., 2012). Unluckily, due to time-space constraints we were able to 

interview only 39 people. 

Another important aspect is that the sample resulted to be a “convenience” sample: people that accepted 

the invitation to participate were probably positively inclined to experience something out of their 

everyday routine, eventually biasing the drawn results. Moreover, since the lab is placed inside the 

university facility, most of participants were students, hindering the general representativeness of the 

sample population. Participants were mostly international students, but not native English speakers. 

Despite the pre-test assessment on the amount of years spent abroad while speaking in English, it was 

not possible to assess the influence of a English based experiment on non-native English participants. 

When approaching possible participants, one of the first questions asked was if they had been drinking 

energy or alcoholic drinks recently, so to neutralize any factor that can interfere with the physiological 

EDA recordings. Despite the overall faith in their answer, the researchers are not sure if they actually did 

it or not. Also, we cannot exclude any information leakage regarding the design of our study between 

people that already performed the experiment and those who were waiting to participate. 

Regarding the answers provided by participants in pre- and post-  test questionnaires, a possible 

misinterpretation or misconception of the questions asked has to be taken into account. In fact, they were 

based on the authors’ interpretation of the literature, and despite the two pilots carried out, we still cannot 

exclude subjective perspectives on the questions’ meaning. It is, in fact, reasonable to affirm that people 
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process and assimilate information according to their personal belief and principles, thus biasing the 

obtained results.      

Finally, within the sample participants we could expect latent brand preferences toward the displayed 

commercials. To ensure the validity of the EDA recordings and the brand related variables, the 

researchers could not appraise any previous level of knowledge or attitude toward the brands considered, 

precluding the possibility to investigate possible changes in those variables between pre-post test. 

Instruments 
 
One of the main limitations of the present study is the lack of data regarding of where participants were 

looking at during the ads broadcasting. It is in fact complex to compare the participants’ responses if the 

researchers are not certain on what they were focusing in the ads, and this could have affect the achieved 

results. Due to technology constraints, we were not able to further investigate this aspect. 

To what concerns questionnaire, it is widely recognized that people show the as known central tendency 

bias, namely the inclination to rate most of the items of a questionnaire using middle values of the scale 

provided – in our case a 5-point Likert scale. In addition, the employment of questionnaires could have 

risen participants cognitive and heuristics biases, such as those related to declare something untrue, just 

to provide a different image of him/herself. 

Regarding the mobile VR headset employed for the experiment - a Samsung Gear VR headset attached 

to a Samsung Galaxy S7 – despite its widespread adoption compared to other mobile VR headsets  - that 

allowed the researchers to comply with validity principles - it can be considered a middle-end product in 

terms of resolution compared to other VR headsets currently available in the market. This aspect assumes 

relevance when compared to the high-quality laptop employed to display the 360° video during the 

Control group session – a MacBook Pro 2017 15’ with retina display. Pairing these considerations with 

the fact that the file resolution was the same for the two mediums, it is reasonable to think that the test 

results might have been biased by the unfulfilled expectations of participants regarding the VR videos 

quality. Moreover, the VR videos are more quality-demanding than the computer ones. Therefore, it was 

a risky choice to stick with exactly the same file for the two mediums. 
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The physiological EDA recordings, eventually, could have been affected by two main biases. Firstly, 

academia recognizes dissimilarities in individual responses to EDA. According to Dawson et al. (2007) 

differences in EDA depend on individuals belonging to either the EDA “labiles” group or the EDA 

“stabiles” one. Electrodermal labiles are characterized by a higher threshold of habituation and/or higher 

NS-SCRs rates. Stabiles, instead, are characterized by a reduced number of NS-SCRs and faster spiking 

in arousal. According to Dawson et al. (2007) the belonging to labiles or stabiles group depends on an 

individual’s trait characteristics. Therefore, this study could have been influenced by higher presence of 

either labiles or stabiles. Secondly, the peaks recorded during the experiment could be affected by 

involuntary muscular activities of the participants that, despite our surveillance, could have eluded both 

our and the iMotions software controls. 

 

Experiment Setting 
 
In line with the purpose of this study, the same piece of content was made available in both 2D and 3D 

settings. However, due to structural differences between a 2D display and a VR headset, to make the two 

media comparable, we integrated a wireless mouse, thus allowing the Control group participants to 

browse into the 360° video with almost the same freedom as in the VR setting. The use of the mouse, 

however, could have affect the Control group participants’ attention, eventually rising levels of 

physiological arousal. As suggested by Calder et al. (2009), by empowering viewers through interactivity 

(in this case the use of the mouse) can have an additional positive effect on arousal. Namely, by providing 

the mouse as a mean to browse into the 360° in 2D display, we added an additional task compared to the 

Test group setting, and this could have mistakenly raised levels of arousal in the Control group. 

Participants time availability forced us to build bearable post-test questionnaires, namely with a number 

of questions answerable in a time span of about 12 minutes. This brought us to conceive ad-hoc questions 

that, possibly, could have missed some shades of the vaster concepts object of this study. 

Additionally, it has to be acknowledged that, since the study was executed in artificial conditions, it could 

have biased participants answers. Lab setting, in fact, might represent a possible source of stress, 

eventually biasing the participants physiological recordings. 
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Further Research 
 
The results achieved in this dissertation provided insights about the usage and the effectiveness of VR 

media into novel marketing strategies. 

In order to extend the results achieved in this study, future research can be done on  the use of additional 

neuromarketing tools as wells on further investigations of variables investigated. Although the 

measurement of subjects’ EDA allowed us to extract objective physiological data on participants’ 

emotional reactions to content, the obtained insights were limited on the general level of arousal. 

Therefore, future research can be focused on extending our set-up by including the use of other 

neuromarketing research tools that can also allow to gain insights for levels of valence. This, for example, 

can be archived with the implementation of Electroencephalographic measurements (EEG).  

 

Another additional interesting research branch could be achieved through the use of a VR headset with 

integrated eye-tracking technology. The use of such an instrument would indeed allow researchers to 

track with more precision the eye-sight of participants and therefore, be more precise in leading back 

specific subjects’ reactions to specific stimuli.   

 

The final suggestion for further studies regards the analysis of the variables. The research reported in this 

dissertation could be extended by investigating for potential relations and correlations among the 

different variables considered in our theoretical framework. For example, within a same group of 

participants, potential correlations between presence-related variables and levels of arousal and 

advertising effectiveness could be highlighted.  
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Appendixes 



APPENDIX 1 
 

 
 

Variable Supporting Literature 

Transportation 

-literature supporting the correlation 

with Presence- 

Slater et al., 1994; Witmer & Singer, 1998M; Tal-Or & Cohen, 
2010; Green & Brock, 2000; Green, 2004; Fortin &Dholakia, 
2005; Grigorovici, 2003; Escalas, 2007; Baños et al., 2004; 

Nicovich et al., 2005; Slater & Wilbur, 1997; Lombard &Ditton, 
1997; Ijsselsteijn& Riva, 2003;Nunez, 2004; Heeter, 1992; 

Wang & Calder, 2007; 
Interaction, Feedback & Control 

-literature supporting the correlation 

with  Presence- 

Slater &Usoh, 1993; Witmer& Singer, 1998; Sheridan, 1992; 
Steuer, 1992; Fortin & Dholakia, 2005; Baños et al., 2004; 

Nicovich et al., 2005; Slater & Wilbur, 1997; 
Mantovani& Riva, 2000; 

Quality & Realism 

-literature supporting the correlation 

with Presence- 

Slater & Usoh, 1993; Witmer & Singer, 1998; Green, 2004; 
Grigorovici, 2003; Baños et al., 2004; Lombard & Ditton, 1997; 

Nunez,2004; Baños et al. 2000; Mantovani & Riva, 1999; 

Mediation awareness, Vividness 

Sensory Bandwidth 

-literature supporting the correlation 

with Presence- 

Witmer& Singer, 1998; Sheridan, 1992; Steuer, 1992; 
Fortin & Dholakia, 2005; Grigorovici, 2003;Nicovich et al., 2005; 
Slater & Wilbur, 1997; Ijsselsteijn & Riva, 2003; Seth et al., 2012; 

Nunez & Blake, 2001; Lombard & Ditton,1997; Kim & Biocca, 1997; 
Schuemie et al., 2001; 

Identification & empathy 

-literature supporting the correlation 

with  Presence- 

Slater &Usoh, 1993; Schubert et al.,2001; Tal-Or & Cohen, 
2010; Escalas, 2007; Nicovich et al., 2005; Slater & Wilbur, 

1997; 

Arousal 

-literature supporting the correlation 

with  Presence- 

Tal-Or & Cohen, 2010; Grigorovici, 2003; Baños et al., 2004; 
Visch et al., 2012; Diemer et al., 2015; Freeman et al., 2005; 

Riva et al., 2007; Felnhofer et al., 2014; 

Phasic Arousal 

-literature supporting the relation of 

phasic arousal with attention, 

absorption, interest, degree of 

motivation and familiarity- 

Boucsein, 1992; Lang, 1995; Singh et al., 1987; Pham, 1992; 
Calder, 2009; Henthorne et al., 1993; Aaker et al., 1986; 

Holbrook & Batra,1987;; Batra & Athola, 1991; Olney et al., 
1991; Choi et al., 2016; Groeppel-Klein, 2005; Dawson et al. 

2007; Wang & Minor, 2008 

Advertising Effectiveness 

-literature supporting our chosen 

variables as good measure of Ad 

Effectiveness - 

Keller, 2013; Percy & Rosenbaum-Elliot, 2009; Nysveen & 
Breivik, 2005; Kotler & Keller, 2009;De Pelsmacker et al., 
2013;Pieters et al., 2002; Grigorivici, 2003; Barnes, 2007; 

Brechman & Purvis, 2015 



Code Questions Variable t-Test: P(T<=t) 
one-tail

Median 
Control

Median 
Test

W1 Respondent
W2 Gender
W3 Age
W4 Nationality
W5 Native Language
W6 Highest degree or level of school you have completed? 

W7
How many years (total) have you lived or you've been living 
abroad and speaking english?

W8 Do you wear glasses or lenses?
W9 Do you suffer from motion sickness?  
W10 Do you suffer from heights?
W11 Have you ever tried a Virtual Reality headset?
W12 How many times did you experience VR?
W13 When was the last time?

Q1 How is your mood today? � Pre-Assessment 0,430 4 4

Q2 How mentally alert do you feel at the present time? Pre-Assessment 0,378 3 4

Q3
How easily do you..... [Get emotionally involved (angry, sad, or 
happy) in the news stories that you read or hear?]

Transportation 
Predisp.

0,238 4 3

Q4
How easily do you..... [Get so involved in watching a movie that it 
is as if you are inside the film rather than watching it on a screen?]

Transportation 
Predisp.

0,211 2 3

Q5
How easily do you..... [Become so involved in a movie that you 
are not aware of things �happening around you?]

Transportation 
Predisp.

0,363 2 2

PRE-QUESTIONNAIRE

APPENDIX 2



Q6
How easily do you..... [Find yourself closely identifying with the 
characters in a story line?]

Transportation 
Predisp.

0,284 3,5 3

Q7
How easily do you..... [Become so involved in a daydream that 
you are not aware of things happening around you?]

Transportation 
Predisp.

0,308 3 3

Q8
How easily do you..... [Get excited or frustrated during a chase or 
fight scene on TV or in the �movies?]

Transportation 
Predisp.

0,073 3 3

Q9
How easily do you..... [Become so involved when, for example, 
playing sports or video games that you lose track of time ]

Transportation 
Predisp.

0,126 2,5 3

Q10 How absorbed were you during the experiment? Transportation 0,065 3,6 4,0

Q11
How aware were you of the mediation role of the computer while 
watching the videos?

Mediation Awareness 0,089 3,2 3,6

Q12
During the experiment, to what extent did you... [Forget you were 
in the room]

Transportation 0,058 2,6 3,1

Q13 Did the experience make you feel emotionally involved? Arousal 0,034 3,4 3,9

Q14
To what extent did the narrative make you feel emotions (anxiety, 
sadness, happiness, �etc.)? � 

Arousal 0,031 3,2 3,8

Q15
When the experiment ended, I felt like I came back to the “real 
world” after a journey

Transportation 0,064 3,2 3,7

Q16
I could picture myself in the scene of the events described in the 
narrative 

Identification 0,032 3,1 3,8

Q17
During the study.... [I never forgot that I was in the middle of an 
experiment]

Transportation 0,443 3,1 3,1

Q18
In the experiment, to what extent did you... [Wished to let yourself 
be carried by the narrative]

Transportation 0,491 3,4 3,4

POST-QUESTIONNAIRE



Q19
In the experiment, to what extent did you... [Feel you had control 
over the experience]

Interaction 0,013 3,0 2,0

Q20
During the study.... [My mind was in the room, not in the world 
created by the computer]

Transportation 0,271 2,3 2,1

Q21
In the experiment, to what extent did you... [Feel as a passive 
spectator ]

Interaction 0,308 3,0 2,9

Q22
In the experiment, to what extent did you... [Find the experience 
realistic]

Realism 0,364 3,5 3,5

Q23
How was the quality of the images presented during the 
experiment?

Quality 0,019 4,0 3,0

Q24
To what extent could you predict or anticipate what you were 
going to see ?

Realism 0,090 2,0 2,0

Q25 How much did you identify with the narrative of the ads? Identification 0,050 2,9 3,4

Q26 How familiar are you with Expedia? Brand Recognition 0,475 3,5 3,0

Q27 How would you describe your overall opinion of the brand? Brand Attitude 0,287 3,0 3,0

Q28 How much.... [Did you enjoy the Ad?] Attitude towards Ad. 0,353 4,0 5,0

Q29 How much.... [Do you trust the brand?] Brand Attitude 0,115 3,0 3,0

Q30 How much.... [Do you like Expedia?] Brand Attitude 0,349 3,0 3,0

Q31 How much.... [Did you feel absorbed during this Ad?] Transportation 0,209 4,0 4,0

Q32 How much.... [Did you feel as if you were "there"?] Transportation 0,159 4,0 4,0



Q33 How much.... [Did you identify yourself with the narrative?] Identification 0,074 4,0 4,0

Q34  [Do you remember seeing the brand in the Ad ?] Brand Recall n/a n/a n/a

Q35 The Ad made you feel... [Happy] Arousal 0,160 4,0 4,0

Q36 The Ad made you feel... [Relaxed] Arousal 0,348 4,0 4,0

Q37 The Ad made you feel... [Stressed] Arousal 0,224 1,0 1,0

Q38 Which was the set of the Advert of Expedia? Ad. Recall n/a n/a n/a

Q39
Should you have to buy a trip for a friend, how likely would you 
consider Expedia? 

Purchase Intention 0,398 3,0 2,0

Q40 How familiar are you with Jack Daniel's? Brand Recognition 0,470 4,0 4,0

Q41 How would you describe your overall opinion of the brand? Brand Attitude 0,175 4,0 4,0

Q42 How much.... [Did you enjoy the Ad?] Attitude towards Ad. 0,273 3,5 3,5

Q43 How much.... [Do you trust the brand?] Brand Attitude 0,171 4,0 3,0

Q44 How much.... [Do you like Jack Daniel's?] Brand Attitude 0,370 3,0 2,5

Q45 How much.... [Did you feel absorbed during this ad?] Transportation 0,333 3,0 3,0

Q46 How much.... [Did you feel as if you were "there"] Transportation 0,348 2,5 2,5



Q47 How much.... [Did you identify yourself with the narrative?] Identification 0,430 2,5 3,0

Q48  [Do you remember seeing the brand in the Ad ?] Brand Recall n/a n/a n/a

Q49 The Ad made you feel... [Happy] Arousal 0,466 3,0 3,0

Q50 The Ad made you feel... [Relaxed] Arousal 0,353 3,0 3,0

Q51 The Ad made you feel... [Stressed] Arousal 0,254 1,0 1,0

Q52 Where is Jack Daniel's produced? Ad. Recall n/a n/a n/a

Q53
Should you have to buy a Whiskey for a friend, how likely would 
you consider buying Jack Daniel's ? 

Purchase Intention 0,381 4,0 4,0

Q54 How familiar are you with Oreo? Brand Recognition 0,263 5,0 5,0

Q55 How would you describe your overall opinion of the brand? Brand Attitude 0,170 3,5 4,0

Q56 How much.... [Did you enjoy the Ad?] Attitude towards Ad. 0,060 3,0 3,0

Q57 How much.... [Do you trust the brand ?] Brand Attitude 0,056 3,0 3,0

Q58 How much.... [Do you like Oreo?] Brand Attitude 0,028 4,0 4,0

Q59 How much.... [Did you feel absorbed during this Ad?] Transportation 0,013 2,0 3,0

Q60 How much.... [Did you feel as if you were "there"?] Transportation 0,016 2,0 2,5



Q61 How much.... [Did you identify yourself with the narrative?] Identification 0,003 1,0 2,5

Q62  [Do you remember seeing the brand in the Ad ?] Brand Recall n/a n/a n/a

Q63 The Ad made you feel... [Happy] Arousal 0,011 3,0 4,0

Q64 The Ad made you feel... [Relaxed] Arousal 0,354 3,0 3,0

Q65 The Ad made you feel... [Stressed] Arousal 0,055 1,0 1,5

Q66 On what the Oreo biscuit was travelling on? Ad. Recall n/a n/a n/a

Q67
Should you have to buy a biscuits for breakfast, how likely would 
you consider buying Oreo? 

Purchase Intention 0,030 1,5 3,0



Code Name Link

Natural setting n°1 Malaekahana Sunrise https://www.youtube.com/watch?v=-bIrUYM-GjU

Stimulus 1 360 | How Far | Australia | Expedia https://www.youtube.com/watch?v=VcaT_wRwmuw

Natural setting n°2 Pacific Sunset: Half Moon Bay (360 Video) https://www.youtube.com/watch?v=ka3qzz-oa-A

Stimulus 2 Jack Daniel’s 360 | VR Distillery Experience https://www.youtube.com/watch?v=osaLsi_DzfU

Natural setting n°3 Virtual Nature 360° - Mountain Stillness Relaxation for 
Gear VR

https://www.youtube.com/watch?v=aePXpV8Z10Y

Stimulus 3 Discover the 360° world that inspired Filled Cupcake 
Flavored Oreo Cookies

https://www.youtube.com/watch?v=ENau7AkayN8
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Time (s) CONTROL TEST Stimulus Seconds

0 10 20 Black screen In 0
5 13 8 Balck screen Out 29
10 9 9 Natural setting n° 1 In 30
15 13 8 Natural setting n° 1 Out 121
20 6 8 Expedia In 126
25 9 12 Expedia Out 215
30 12 12 Natural setting n° 2 In 219
35 11 13 Natural setting n° 2 Out 310
40 12 11 Jack In 315
45 6 8 Jack Out 470
50 6 9 Natural setting n° 3 In 475
55 7 7 Natural setting n° 3 Out 566
60 8 8 Oreo In 570
65 6 7 Oreo out 632
70 8 7
75 7 7
80 7 9
85 7 4
90 5 4
95 5 3
100 8 7
105 5 4
110 8 4
115 4 5
120 12 4
125 13 7
130 7 13
135 8 11
140 4 12
145 9 10
150 4 5
155 6 7
160 9 5
165 5 9
170 8 5
175 4 3
180 9 7
185 6 5
190 5 5
195 6 4
200 7 7
205 4 10
210 7 3

Peak Count (#) in Time

APPENDIX 4



215 7 2
220 9 2
225 2 6
230 5 5
235 4 6
240 4 6
245 2 4
250 5 7
255 4 3
260 6 8
265 7 2
270 4 7
275 4 4
280 6 4
285 2 3
290 4 5
295 6 4
300 2 4
305 6 4
310 5 4
315 8 6
320 6 5
325 7 8
330 4 4
335 6 7
340 3 4
345 4 3
350 4 6
355 4 6
360 2 3
365 4 1
370 3 4
375 3 1
380 5 5
385 3 4
390 3 1
395 9 4
400 3 4
405 5 8
410 8 4
415 7 2
420 4 3
425 3 2
430 7 6
435 4 4
440 9 3
445 5 4
450 6 7



455 10 3
460 8 3
465 5 4
470 8 3
475 9 7
480 5 10
485 7 5
490 7 8
495 4 6
500 4 4
505 9 4
510 4 8
515 8 7
520 2 5
525 9 1
530 3 8
535 5 4
540 5 3
545 5 5
550 5 5
555 5 3
560 4 5
565 6 3
570 8 7
575 8 8
580 5 3
585 5 3
590 5 5
595 10 5
600 1 7
605 6 2
610 6 2
615 3 8
620 10 3
625 3 8
630 8 5
635 9 5



Time (s) CONTROL TEST Stimulus Seconds

0 0,105 0,073 Black screen In 0
5 0,118 0,105 Balck screen Out 29
10 0,081 0,060 Natural setting n° 1 In 30
15 0,081 0,092 Natural setting n° 1 Out 121
20 0,101 0,040 Expedia In 126
25 0,118 0,069 Expedia Out 215
30 0,122 0,086 Natural setting n° 2 In 219
35 0,136 0,091 Natural setting n° 2 Out 310
40 0,072 0,076 Jack In 315
45 0,091 0,054 Jack Out 470
50 0,066 0,082 Natural setting n° 3 In 475
55 0,079 0,048 Natural setting n° 3 Out 566
60 0,040 0,075 Oreo In 570
65 0,071 0,032 Oreo out 632
70 0,044 0,048
75 0,099 0,073
80 0,094 0,073
85 0,168 0,044
90 0,051 0,068
95 0,125 0,019
100 0,065 0,124
105 0,186 0,023
110 0,071 0,124
115 0,035 0,043
120 0,100 0,108
125 0,127 0,109
130 0,114 0,137
135 0,249 0,132
140 0,076 0,121
145 0,050 0,064
150 0,186 0,045
155 0,100 0,042
160 0,076 0,062
165 0,040 0,072
170 0,063 0,074
175 0,019 0,042
180 0,074 0,085
185 0,194 0,040
190 0,030 0,056
195 0,049 0,072
200 0,122 0,101
205 0,096 0,056
210 0,127 0,047

Average Amplitude (Ω) in Time
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215 0,217 0,054
220 0,094 0,076
225 0,129 0,103
230 0,083 0,088
235 0,123 0,102
240 0,146 0,115
245 0,109 0,037
250 0,051 0,070
255 0,141 0,111
260 0,127 0,086
265 0,089 0,095
270 0,091 0,134
275 0,052 0,029
280 0,025 0,032
285 0,038 0,131
290 0,097 0,043
295 0,129 0,112
300 0,157 0,066
305 0,089 0,075
310 0,125 0,083
315 0,218 0,090
320 0,188 0,111
325 0,103 0,129
330 0,128 0,178
335 0,202 0,186
340 0,071 0,130
345 0,057 0,211
350 0,046 0,078
355 0,101 0,092
360 0,043 0,090
365 0,054 0,189
370 0,119 0,117
375 0,032 0,103
380 0,048 0,040
385 0,094 0,043
390 0,008 0,027
395 0,078 0,137
400 0,084 0,094
405 0,159 0,069
410 0,083 0,051
415 0,068 0,089
420 0,047 0,293
425 0,062 0,108
430 0,087 0,031
435 0,082 0,116
440 0,200 0,056
445 0,137 0,039
450 0,170 0,084



455 0,202 0,102
460 0,151 0,067
465 0,082 0,014
470 0,192 0,014
475 0,210 0,200
480 0,094 0,094
485 0,196 0,090
490 0,172 0,085
495 0,099 0,072
500 0,244 0,036
505 0,079 0,031
510 0,170 0,111
515 0,108 0,072
520 0,039 0,190
525 0,081 0,012
530 0,144 0,049
535 0,126 0,122
540 0,300 0,036
545 0,167 0,124
550 0,119 0,216
555 0,071 0,028
560 0,140 0,055
565 0,364 0,042
570 0,086 0,034
575 0,080 0,097
580 0,071 0,016
585 0,116 0,062
590 0,038 0,137
595 0,114 0,047
600 0,182 0,081
605 0,220 0,350
610 0,022 0,178
615 0,167 0,108
620 0,059 0,075
625 0,074 0,049
630 0,121 0,093
635 0,067 0,145



Expedia 

Time (s) CONTROL TEST Time (s) CONTROL TEST

125 13 7 125 0,127 0,109
130 7 13 130 0,114 0,137
135 8 11 135 0,249 0,132
140 4 12 140 0,076 0,121
145 9 10 145 0,050 0,064
150 4 5 150 0,186 0,045
155 6 7 155 0,100 0,042
160 9 5 160 0,076 0,062
165 5 9 165 0,040 0,072
170 8 5 170 0,063 0,074
175 4 3 175 0,019 0,042
180 9 7 180 0,074 0,085
185 6 5 185 0,194 0,040
190 5 5 190 0,030 0,056
195 6 4 195 0,049 0,072
200 7 7 200 0,122 0,101
205 4 10 205 0,096 0,056
210 7 3 210 0,127 0,047
215 7 2 215 0,217 0,054

Peak Count (#) in Time Average Amplitude (Ω) in Time
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Jack Daniel's

Time (s) CONTROL TEST Time (s) CONTROL TEST

315 8 6 315 0,218 0,090
320 6 5 320 0,188 0,111
325 7 8 325 0,103 0,129
330 4 4 330 0,128 0,178
335 6 7 335 0,202 0,186
340 3 4 340 0,071 0,130
345 4 3 345 0,057 0,211
350 4 6 350 0,046 0,078
355 4 6 355 0,101 0,092
360 2 3 360 0,043 0,090
365 4 1 365 0,054 0,189
370 3 4 370 0,119 0,117
375 3 1 375 0,032 0,103
380 5 5 380 0,048 0,040
385 3 4 385 0,094 0,043
390 3 1 390 0,008 0,027
395 9 4 395 0,078 0,137
400 3 4 400 0,084 0,094
405 5 8 405 0,159 0,069
410 8 4 410 0,083 0,051
415 7 2 415 0,068 0,089
420 4 3 420 0,047 0,293
425 3 2 425 0,062 0,108
430 7 6 430 0,087 0,031

Peak Count (#) in Time Average Amplitude (Ω) in Time
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435 4 4 435 0,082 0,116
440 9 3 440 0,200 0,056
445 5 4 445 0,137 0,039
450 6 7 450 0,170 0,084
455 10 3 455 0,202 0,102
460 8 3 460 0,151 0,067
465 5 4 465 0,082 0,014
470 8 3 470 0,192 0,014



Oreo

Time (s) CONTROL TEST Time (s) CONTROL TEST

570 8 7 570 0,086 0,034
575 8 8 575 0,080 0,097
580 5 3 580 0,071 0,016
585 5 3 585 0,116 0,062
590 5 5 590 0,038 0,137
595 10 5 595 0,114 0,047
600 1 7 600 0,182 0,081
605 6 2 605 0,220 0,350
610 6 2 610 0,022 0,178
615 3 8 615 0,167 0,108
620 10 3 620 0,059 0,075
625 3 8 625 0,074 0,049
630 8 5 630 0,121 0,093

Peak Count (#) in Time Average Amplitude (Ω) in Time
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