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Abstract 

Recent studies encourage the integration of multi-sensorial stimuli into multimedia assets 
to enhance the user experience by stimulating other senses beyond sight and hearing. 
Similarly, the introduction of multi-modal interaction components complementing with 
new features, functionalities and/or information the multimedia experience is promoted. 
Sensory effects as odor, wind, vibration and light effects, as well as an enhanced audio 
quality, have been found to favour media enjoyment and to have a positive influence on 
the sense of Presence and on the perceived quality, relevance and reality of a multimedia 
experience. Two-screen services and a direct manipulation of (elements in) the video sce-
ne have the potential to enhance user comprehension, engagement and proactive in-
volvement of/in the media experience. Sports is among the genres that could benefit the 
most from these solutions.  

Previous works have demonstrated the technical feasibility of implementing and deploy-
ing end-to-end solutions integrating these technologies into legacy systems. Thus, senso-
rially-enhanced media, two-screen services and an increased user control over the dis-
played scene emerge as means to deliver a new form of immersive and interactive media 
experiences to the mass market in a non-disruptive manner. However, many questions 
remain concerning issues as the specific interactive solutions or sensory effects that can 
better complement a given audiovisual content or the best way in which to integrate and 
combine them to enhance the user experience of a target audience segment. Furthermore, 
scientific evidence on the impact of human factors on the user experience with these new 
forms of immersive and interactive media is still insufficient and sometimes, contradicto-
ry. Thus, the role of these factors on the potential adoption of these technologies has been 
widely ignored. 

This thesis analyzes the impact of binaural audio, sensory (light and olfactory) effects, in-
teraction with 3D objects integrated into the video scene and interaction with additional 
content using a second screen on the sports media experience. The potential influence of 
these components on the dependent variables is explored both at the overall level (aver-
age effect) and as a function of users’ characteristics (heterogeneous effects). To these 
aims, we conducted an experimental study exploring the influence of these immersive 
and interactive elements on the quality and Presence dimensions of the media experience. 
Along the quality dimension, we look for possible variations on the quality scores as-
signed to the overall media experience and to the media components content, image, au-
dio, sensory effects, interaction with 3D objects and interaction using the tablet device. 
The potential impact on Presence is analyzed by looking at two of the four dimensions 
defined by the ITC-SOPI questionnaire, namely Spatial Presence and Engagement. The 
users’ characteristics considered encompass the following personal affective, cognitive 
and behavioral attributes: preferences and habits in relation to the content, knowledge of 
the involved technologies, tendency to get emotionally involved and tendency to get ab-
sorbed in an activity and block out external distractors and the big five personality traits 
extraversion, agreeableness, conscientiousness, neuroticism and openness to experience. 

At the overall level, we found that participants preferred binaural audio than standard ste-
reo audio and that sensory effects increase significantly the level of Spatial Presence. 
Several heterogeneous effects were also revealed as a result of our experimental manipu-
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lations. Interestingly, these effects were not equally distributed across the quality and 
Presence measures analyzed. Whereas binaural audio was foud to have an influence on 
the majority of the quality and Presence measures considered, the effects of sensory ef-
fects and of interaction with additional content through the tablet device concentrate 
mainly on the dimensions of Presence and on quality measures, respectively. The magni-
tude of these effects was modulated by individual’s characteristics, such as: preferences 
in relation to the content, frequency of viewing similar content, knowledge of involved 
technologies, gender, tendency to get emotionally involved, tendency to absorption and 
levels of agreeableness, conscientiousness and openness to experience.  

The personal characteristics collected in our experiment explained most of the variation 
in the dependent variables, confirming the frequently neglected role of individual differ-
ences on the media experience. Preferences in relation to the content, knowledge of in-
volved technologies and tendency to get emotionally involved were among the user vari-
ables with the most generalized influence. In particular, the former two features seem to 
present a conflict in the allocation of attentional resources towards the media content ver-
sus the technical features of the system, respectively. Additionally, football fans’ experi-
ence seems to be modulated by emotional processes whereas for not fans, cognitive pro-
cesses (and in particular those related to quality judgment) prevail.  
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Resumen 

Estudios recientes promueven la integración de estímulos multi-sensoriales en activos 
multimedia con el fin de mejorar la experiencia de usuario mediante la estimulación de 
nuevos sentidos, más allá de la tradicional experiencia audiovisual. Del mismo modo, va-
rios trabajos proponen la introducción de componentes de interacción capaces de com-
plementar con nuevas características, funcionalidades y/o información la experiencia 
multimedia. Efectos sensoriales basados en el uso de nuevas técnicas de audio, olores, 
viento, vibraciones y control de la iluminación, han demostrado tener un impacto favora-
ble en la sensación de Presencia, en el disfrute de la experiencia multimedia y en la cali-
dad, relevancia y realismo de la misma percibidos por el usuario. Asimismo, los servicios 
basados en dos pantallas y la manipulación directa de (elementos en) la escena de video 
tienen el potencial de mejorar la comprensión, la concentración y la implicación proactiva 
del usuario en la experiencia multimedia. El deporte se encuentra entre los géneros con 
mayor potencial para integrar y explotar éstas soluciones tecnológicas. 

Trabajos previos han demostrado asimismo la viabilidad técnica de integrar éstas tecno-
logías con los estándares actualmente adoptados a lo largo de toda la cadena de transmi-
sión de televisión. De este modo, los sistemas multimedia enriquecidos con efectos sen-
soriales, los servicios interactivos multi-plataforma y un mayor control del usuario sobre 
la escena de vídeo emergen como nuevas formas de llevar la multimedia immersiva e in-
teractiva al mercado de consumo de forma no disruptiva. Sin embargo, existen numerosas 
interrogantes relativas a los efectos sensoriales y/o soluciones interactivas más adecuadas 
para complementar un contenido audiovisual determinado o a la mejor manera de de in-
tegrar y combinar dichos componentes para mejorar la experiencia de usuario de un seg-
mento de audiencia objetivo. Además, la evidencia científica sobre el impacto de factores 
humanos en la experiencia de usuario con estas nuevas formas de immersión e interac-
ción en el contexto multimedia es aún insuficiente y en ocasiones, contradictoria. Así, el 
papel de éstos factores en el potencial de adopción de éstas tecnologías ha sido amplia-
mente ignorado. 

La presente tesis analiza el impacto del audio binaural, efectos sensoriales (de ilumina-
ción y olfativos), interacción con objetos 3D integrados en la escena de vídeo e interac-
ción con contenido adicional utilizando una segunda pantalla en la experiencia de usuario 
con contenidos de deporte. La posible influencia de dichos componentes en las variables 
dependientes se explora tanto a nivel global (efecto promedio) como en función de las ca-
racterísticas de los usuarios (efectos heterogéneos). Para ello, se ha llevado a cabo un ex-
perimento con usuarios orientado a explorar la influencia de éstos componentes immersi-
vos e interactivos en dos grandes dimensiones de la experiencia multimedia: calidad y 
Presencia. La calidad de la experiencia multimedia se analiza en términos de las posibles 
variaciones asociadas a la calidad global y a la calidad del contenido, la imagen, el audio, 
los efectos sensoriales, la interacción con objetos 3D y la interacción con la segunda pan-
talla. El posible impacto en la Presencia considera dos de las dimensiones definidas por el 
cuestionario ITC-SOPI: Presencia Espacial (Spatial Presence) e Implicación (Engage-
ment). Por último, los individuos son caracterizados teniendo en cuenta los siguientes 
atributos afectivos, cognitivos y conductuales: preferencias y hábitos en relación con el 
contenido, grado de conocimiento de las tecnologías integradas en el sistema, tendencia a 
involucrarse emocionalmente, tendencia a concentrarse en una actividad bloqueando es-
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tímulos externos y los cinco grandes rasgos de la personalidad: extroversión, amabilidad, 
responsabilidad, inestabilidad emocional y apertura a nuevas experiencias. 

A nivel global, nuestro estudio revela que los participantes prefieren el audio binaural 
frente al sistema estéreo y que los efectos sensoriales generan un aumento significativo 
del nivel de Presencia Espacial percibido por los usuarios. Además, las manipulaciones 
experimentales realizadas permitieron identificar una gran variedad de efectos heterogé-
neos. Un resultado interesante es que dichos efectos no se enuentran distribuidos de for-
ma equitativa entre las medidas de calidad y Presencia. Nuestros datos revelan un impac-
to generalizado del audio binaural en la mayoría de las medidas de calidad y Presencia 
analizadas. En cambio, la influencia de los efectos sensoriales y de la interacción con la 
segunda pantalla se concentran en las medidas de Presencia y calidad, respectivamente. 
La magnitud de los efectos heterogéneos identificados está modulada por las siguientes 
características personales: preferencias en relación con el contenido, frecuencia con la 
que el usuario suele ver contenido similar, conocimiento de las tecnologías integradas en 
el demostrador, sexo, tendencia a involucrarse emocionalmente, tendencia a a concentrar-
se en una actividad bloqueando estímulos externos y niveles de amabilidad, responsabili-
dad y apertura a nuevas experiencias. 

Las características personales consideradas en nuestro experimento explicaron la mayor 
parte de la variación en las variables dependientes, confirmando así el importante (y fre-
cuentemente ignorado) papel de las diferencias individuales en la experiencia multimedia. 
Entre las características de los usuarios con un impacto más generalizado se encuentran 
las preferencias en relación con el contenido, el grado de conocimiento de las tecnologías 
integradas en el sistema y la tendencia a involucrarse emocionalmente. En particular, los 
primeros dos factores parecen generar un conflicto de atención hacia el contenido versus 
las características/elementos técnicos del sistema, respectivamente. Asimismo, la expe-
riencia multimedia de los fans del fútbol parece estar modulada por procesos emociona-
les, mientras que para los no-fans predominan los procesos cognitivos, en particular aque-
llos directamente relacionados con la percepción de calidad. 
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Chapter 1 Introduction 

 

1. INTRODUCTION 

1.1 Background and motivation 

User experience with media has been studied from three originally independent but co-
herent approaches that rely on enjoyment, Presence and Quality of Experience (QoE) as 
core constructs. Although different in focus and approach, the multiple outcomes con-
tributed by these three research lines point, from different perspectives, to a strong in-
teraction among the perceived level of physical transportation, the emotional response 
and the cognitive-affective assessment of the media experience. 

More than seven decades of mass media effects research (in particular, under the uses 
and gratifications approach), identify enjoyment as the primary gratification sought 
from media. Media enjoyment has been conceptualized as an attitude, which is critically 
expressed by evaluating a particular entity with some degree of favor or disfavor (i.e. 
by means of a quality judgment) (A.H. Eagly & Chaiken, 1995). From a coherent per-
spective, QoE researchers analyze the factors and mechanisms that influence the subjec-
tive quality assessment of a multimedia asset (i.e. the content quality as perceived by an 
individual) (Le Callet, Möller, & Perkis, 2012). In this sense, individual beliefs and 
emotional reactions (and the multiple interactions among these) in relation to the evalu-
ated object have been identified as two major mechanisms underlying quality judgment 
(Visser, Bizer, & Krosnick, 2006).  

Enjoyment has been also related to entertainment as a media effect, which at the same 
time correlates with some of the more frequently reported motivations for media use: 
arousal, to pass time, relaxation and to escape from reality (Sherry, 2004). The desire of 
escaping to a fantasy world where emotions can be experienced (Sherry, 2004) leads to 
the concept of Presence, a construct characterized by the subjective feeling of being 
“transported” to a different place. Presence is at the core of research on user experience 
with entertainment technologies, with particular emphasis on interactive computer-
generated applications (M Slater & Wilbur, 1997). Presence has been found to be 
strongly related to the capability of a mediated environment (e.g. 3DTV or videogames) 
to elicit emotions (Riva et al., 2007; Västfjäll, 2003) and, in particular, enjoyment (P 
Skalski, Tamborini, Shelton, Buncher, & Lindmark, 2010; Sylaiou, Mania, Karoulis, & 
White, 2010). In consequence, an enhanced sense of Presence is considered to have a 
direct impact on the adoption potential of a mediated application.  

There is wide consensus among media experience researchers on the potential of im-
mersion (in particular, multi-sensorial immersion) to deliver an enhanced media experi-
ence (i.e. more enjoyable, of highest quality and leading to a higher sense of physical 
transportation). The Presence research community supports the hypothesis that the more 
extensive an immersive system is (i.e. in terms of the number of human senses en-
gaged), the greater its capability to evoke Presence (Lombard & Ditton, 1997). Similar-
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ly, QoE researchers encourage the development of sensorially-enriched media as a mean 
to enhance the perceived quality of experience by stimulating senses other than sight 
and hearing (Le Callet et al., 2012). As regards to interaction, a direct manipulation of 
(elements in) the displayed scene, has been found to have a significant impact on the 
sense of Presence elicitated by a computer-generated environment, especially in those 
cases entailing natural physical movements and leading to a coherent system response 
as regards to the individual’s expectations (Hendrix & Barfield, 1995; Mel Slater, Usoh, 
& Steed, 1995; Welch, Blackmon, Liu, Mellers, & Stark, 1996). Likewise, two-screen 
services have the potential to enhance user comprehension, engagement and proactive 
involvement of/in the media experience (Nandakumar & Murray, 2014). Interestingly, 
most of these works highlight sports as one of the genres that could benefit the most 
from these solutions (Fitzgerald, 2012; M. Waltl, Timmerer, & Hellwagner, 2010). 

From a technical perspective, several works have shown that it is technically feasible to 
implement and deploy end-to-end solutions integrating immersive and interactive com-
ponents and services into legacy systems (see for instance the implementations in (Kim, 
Lee, Kim, & Ryu, 2013; Luque, Galloso, Feijoo, Martín, & Cisneros, 2014; 
Nandakumar & Murray, 2014; Markus Waltl, Rainer, Timmerer, & Hellwagner, 2013; 
Yoon, 2013)). Standards as MPEG-V Part 3 – Sensory Information (ISO/IEC, 2013) 
and HbbTV 2.0 - Hybrid Broadcast Broadband TV (ETSI, 2015) represent an important 
step towards the leap of multi-sensorial and interactive media from experimentation to 
the digital services arena. Thus, multi-sensorial immersion and interactive services us-
ing a secondary screen emerge as means to deliver a new form of immersive and inter-
active media experiences to the mass market in a non-disruptive manner. However, 
many questions remain concerning issues as the specific interactive solutions or sensory 
effects that can better complement a given audiovisual content, the best way in which to 
integrate and combine them to enhance the user experience of a target audience segment 
or the new opportunities and threats that these services could entail. 

In particular, scientific evidence on the impact of human factors on the user experience 
with multi-sensorial and interactive media is still insufficient and sometimes, contradic-
tory. Furthermore, possible implications concerning the potential adoption of these 
technologies, have been widely ignored. Quality judgment in the context of a media ex-
perience has been found to be conditioned by individual beliefs, feelings, and behavioral 
tendencies towards the specific media form and content schema (Hogg & Vaughan, 
2005; Nabi & Krcmar, 2004). Also, previous works as those in (Baños et al., 1999; 
Laarni, Ravaja, Saari, & Hartmann, 2004; C. D. Murray, Fox, & Pettifer, 2007; Weibel, 
Wissmath, & Mast, 2010; Wirth et al., 2007) point to a direct impact of factors such as 
extraversion, openness to experience, impulsivity, dissociation, locus of control and 
domain-specific interest and knowledge on the user experience with media. Most of 
them highlight also the mediating role of attentional processes in the elicitation of Pres-
ence. Contradictory results are reported, however, as regards to the influence of factors 
such as focus (ability to concentrate on activities and block out distraction), psychologi-
cal absorption, immersive tendency and neuroticism. Against this context, an empirical-
ly-supported framework enabling a systematic program of research on the subject would 
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be highly useful to contextualize and consolidate previous results and to build further 
scientific knowledge. The research presented in this thesis is aimed to contribute to this 
general goal. The objectives and hypotheses defined, as well as the methodology fol-
lowed towards their fullfilment/testing are presented in the following sub-sections. 

1.2 Objectives 

The general goal of this thesis is to contribute empirical evidence on the impact of im-
mersion and interaction on the user experience with media and, on the possible modu-
lating effect of individual characteristics on this impact.  

The specific objectives of the research presented in this thesis are: 

1. to gain insight into the impact of binaural audio and sensory (light and olfactory) 
effects on the sports media experience, both at the overall level (average effect) 
and as a function of users’ characteristics (heterogeneous effects); and, 

2. to gain insight into the impact of the interaction with 3D objects integrated into 
the video scene and with on-demand additional content using a second screen on 
the sports media experience, both at the overall level (average effect) and as a 
function of users’ characteristics (heterogeneous effects). 

1.3 Hypotheses  

In line with our goals and considering previous results in the state of the art, we hypoth-
esize that:  

H1 both binaural audio and sensory effects have a significant average effect on the 
quality of experience and on the dimensions of Presence;  

H2 the impact of binaural audio and of sensory effects on: 
a. the quality of experience is different for sports (football) fans and not 

fans and across groups of participants with different levels of knowledge 
of involved technologies;  

b. the level of Engagement is different for sports (football) fans and not fans 
and across groups of participants with different levels of tendency to get 
emotionally involved, openness to experience, neuroticism and extraver-
sion; and, 

c. the level of Spatial Presence is different for sports (football) fans and not 
fans and across groups of participants with different levels of tendency to 
absorption and openness to experience. 

H3 the interaction with 3D objects and through the second screen have a significant 
average effect on the quality of experience, on the quality of content and on the 
level of engagement; 
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H4 the impact of the interaction with 3D objects on: 

a. the quality of experience and on the quality of content is different for 
sports (football) fans and not fans and across groups of participants with 
different levels of knowledge of involved technologies, tendency to get 
emotionally involved and openness to experience;  

b. engagement is different for football fans and not fans and across groups 
of participants with different levels of tendency to get emotionally in-
volved; 

H5 the impact of the interaction with additional content through the second screen 
on: 

a. the quality of experience and on the quality of content is different for 
sports (football) fans and not fans and across groups of participants with 
different levels of knowledge of involved technologies, frequency of 
viewing similar content, tendency to get emotionally involved, conscien-
tiousness and openness to experience;  

b. engagement is different for football fans and not fans and across groups 
of participants with different levels of frequency of viewing similar con-
tent, tendency to get emotionally involved and conscientiousness. 

1.4 Research approach and procedure 

The research presented in this thesis follows an empirical-analytical approach (i.e. quan-
titative research). Both focused research objectives and specific hypotheses grounded in 
scientific literature have been formulated. The specific goals of our research are to gain 
insight into the impact of binaural audio and sensory (light and olfactory) effects and of 
interaction with 3D objects integrated into the video scene and with additional content 
using a second screen on the sports media experience. We aim to explore the potential 
impact of these immersive and interactive components both at the overall level (average 
effect) and as a function of users’ characteristics (heterogeneous effects). Five main hy-
potheses posing the expected relationships between our variables at these two levels 
(i.e. average effect and heterogeneous effects) are proposed. Following, our hypotheses 
are tested through an experimental study with human subjects. In coherence, this manu-
script and in particular, the Results, Discussion and Conclusions Chapters, expose our 
findings in relation to these objectives and hypotheses.  

The exploratory character of our work should be emphasized as well. Our focus is not 
on showing the statistical significance of the effect of a factor on the dependent varia-
ble(s). Instead, we aim at extracting the maximum amount of unbiased information 
about the factors affecting the user experience. This approach has been inspired by that 
of industrial settings, where important factors affecting the production process shall be 
identified from as few (costly) observations as possible in an exploratory framework. 
Thus, experimental methods are used to enhance the result of the industrial process in a 
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systematic manner and to identify the optimum settings for the different factors that af-
fect the service (see for instance (Box & Draper, 1987; Box, Hunter, & Hunter, 2005)).  

The exploratory nature of our work is also one of the reasons for not using Structural 
Equation Modeling (SEM). As discussed in (Bollen & Pearl, 2013), SEM does not al-
low to derive causal relationships between variables. It rather represents and relies upon 
the causal assumptions of the researcher, which are usually derived from experimental 
data or previous studies, among others. To feed SEM with experimental data, a much 
greater number (in comparison to those feasible/available in our project) of hypothesis-
focused experiments and thus, of participants and resources would be required. Like-
wise, previous findings on the impact of human factors on the user experience with mul-
ti-sensorial media are still insufficient and sometimes, contradictory. Our findings are 
expected to contribute to the creation of such research framework, from which the 
strong causal assumptions required for the application of SEM (i.e. to propose a Tech-
nology Acceptance Model (TAM)), could be derived. 

In the following the main steps conducted for the development of this research are 
summarized. Two different lines of action can be differentiated. First, we describe a set 
of preliminary tasks conducted in collaboration with other research teams in the frame-
work of the ImmersiveTV project. We focus on those that had a close relation with 
and/or a direct impact on this thesis. And second, we present those specific steps con-
ducted towards the fulfillment of the objectives presented in section 1.2, wich represent 
the core of this thesis. The outcomes resulting from each stage, as well as the specific 
role of the VR team (and in particular, of the author of this thesis) are highlighted in a 
case by case basis. 

1.4.1 Preliminary tasks developed in collaboration with other teams 

1. Brainstorming for immersive and interactive media scenarios 
The PhD candidate, with the support of CeDInt-VR team, lead a brainstorming process 
for immersive and interactive television scenarios. All the research teams involved in 
the ImmersiveTV project contributed their ideas. A total of nine scenario proposals 
resulted from this process. These scenarios encompassed a set of immersive and/or 
interactive components of interest for the research teams participating in the project.  

2. Evaluation and prioritization of scenario ideas  
The nine scenario proposals were scored against eight main criteria, namely: level of 
immersion, level of interactivity, easiness of use (i.e. to what extent the user needs to be 
trained to use it), collaboration (i.e. to what extent the experience has the potential to in-
volve more than one user), volume of the content to be delivered, complexity, level of 
innovation and implementation cost. Qualitative assessments, encompassing both posi-
tive and negative aspects, as well as an overall quantitative valuation, were requested al-
so from each team. From these valuations, we elaborated a ranking of scenarios. 
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3. Definition of the immersive and interactive scenario to be implemented 
From the ranking elaborated in the previous step, we defined the immersive and interac-
tive scenario to be implemented in the ImmersiveTV project. The scenario combined 
immersive and interactive elements from several proposals and reached a suitable bal-
ance between complexity, easiness of use,  level of innovation and implementation cost.  

4. System architecture 
Under the leadership of the ImmersiveTV coordinator, our team contributed to the de-
sign of the technical architecture required to support the implementation of the immer-
sive and interactive TV scenario defined before (see Chapter 3). In particular, we took a 
very active role in the definition of the hardware and software components dealing with 
the creation, transmission, reception and presentation of sensory effects and 3D objects, 
as well as with the interaction with the latter. 

5. Implementation of the ImmersiveTV system, in-lab testing and debugging 
Our team was responsible for implementing the components previously defined. That is, 
those dealing with the creation, transmission, reception and presentation of sensory ef-
fects and 3D objects, as well as with the interaction with the latter. From the multiple 
R&D challenges addressed by our team, it is worth to highlight the development of a 
solution for the estimation of dense depth maps from real 3D video sequences. This so-
lution was developed by the currently Telecommunications Engineer Eduardo Sánchez 
in his Master Thesis, under the supervision of this PhD candidate. Our team also led the 
integration of the modules developed by the different teams involved in the project into 
the ImmersiveTV demonstrator, which was physically deployed in the Demonstrations 
Lab at CeDInt.  

1.4.2 Research steps towards the fulfillment of the thesis objectives 

1. Research problem and questions 
The research presented in this thesis addresses a general research shortage identified by 
the media community and a specific requirement of the ImmersiveTV project, both re-
lated to the need of the media sector to renew itself through the introduction of new 
immersive and interactive services. From lessons learned in past experiences, a user-
centered approach is of paramount importance to promote the development of these 
promising technologies towards a successful market adoption. However, several ques-
tions need to be answered to face this challenge. These concern issues as the actual use 
and impact of specific immersive or interactive components on the user experience; how 
they can better complement a given audiovisual content; the best way in which to inte-
grate and combine them to enhance the media experience of a target audience; and, the 
characteristics of those segments with the highest adoption potential. 
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2. Literature review and analysis 
A comprehensive literature review on previous theoretical and empirical contributions 
dealing with: 

- the components and dynamics underlying the user experience with media at its 
emotional, cognitive and behavioral dimensions; 

- the most relevant constructs used to explain and measure such dynamics;  

- the influence of system factors, with emphasis on immersive and interactive var-
iables, on the user experience with media; 

- the possible modulating effect of personal characteristics and personality traits 
on the perceived impact of these factors; and, 

- the implementation and/or integration of multi-sensorial immersion and interac-
tion components into a multimedia asset.  

The analysis of previous results started at the very beginning of this research and has 
been continuously updated since then. As a result, progressive versions of the state of 
the art summarized in Chapter 2 were included in scientific publications along the de-
velopment of this thesis.  

3. Research objectives 
To contribute some answers to the former research questions, the general and specific 
research objectives presented in section 1.2 were proposed. These are: 

The general goal of this thesis is to contribute empirical evidence on the impact of im-
mersion and interaction on the user experience with media and, on the possible modu-
lating effect of individual characteristics on this impact.  

The specific objectives of this research are: 

1. to gain insight into the impact of binaural audio and sensory (light and olfactory) 
effects on the sports media experience, both at the overall level (average effect) 
and as a function of users’ characteristics (heterogeneous effects); and, 

2. to gain insight into the impact of the interaction with 3D objects integrated into 
the video scene and with on-demand additional content using a second screen on 
the sports media experience, both at the overall level (average effect) and as a 
function of users’ characteristics (heterogeneous effects). 

4. Research hypotheses 
The research hypotheses presented in section 1.3 were defined considering previous re-
sults in the state-of-the-art. These hypotheses speculate about the expected impact of the 
immersive and interactive components to be analyzed in our work and on the specific 
user characteristics that could have a modulating effect on this impact (see section 1.3). 
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5. Experiment design 
Our experimental design was required to observe the following requirements: 

I. the stereoscopic video sequence to be used should be as seamless, fluid and nat-
ural as possible to keep the focus of our study on the impact of the immersive 
and interactive components introduced; 

II. the duration of the experiment to be realized by each participant (including all 
the test sessions) should be under one hour to avoid to the fatigue derived from 
the use of stereoscopic video and the possible impact of this effect on the de-
pendent measures;  

III. the number of immersive and interactive components presented to (and valuated 
by) each candidate should be maximized to make the most of the limited time 
and resources available for the experiment; 

IV. possible pitfalls and biases should be avoided, in particular response bias and 
those that could arise when departing from a technologically-constrained scenar-
io; 

V. being exposed to a given experimental condition should be statistically inde-
pendent from the characteristics of the individuals or the context; 

VI. being exposed to a given immersive component should be independent from be-
ing exposed to a given interactive component; 

To deal with the twofold challenge of maximizing the discriminatory power of our ex-
perimental conditions and of keeping the duration of the experimental session for each 
participant under one hour we decided to present at least one immersive and one interac-
tive component per session to maximize the number of immersive and interactive com-
ponents presented to (and valuated by) each participant. To compensate for the lack of 
no-treatment condition, an “inverse” view (statistically equivalent to the traditional ap-
proach) was adopted. Thus, the impact of each immersive/interactive component is ana-
lyzed by comparing the scores assigned by the participants in the condition where the 
component was not administered with respect to the baseline group where the two im-
mersive/interactive components are present. This “inverse” experimental design –based 
on the exclusion of the immersive/interactive components analyzed with respect to the 
baseline scenario– could be a promising approach to avoid the pitfalls and biases of de-
parting from a technological constrained scenario where any improvement can be per-
ceived too optimistically. 

To avoid response bias we made sure not to reveal any detail on the content or the spe-
cific components to be valuated to the participants before the experiment. Additionally, 
we included explanatory notes in the quality assessment questionnaire aimed at clarify-
ing the specific issues encompassed by each component to be valuated (see Appendix 
II). 
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To be able to present more than one configuration (i.e. experimental condition) to each 
participant without introducing an unnatural disruption in the game events, we decided 
to split the video into two independent but consecutive sequences showing relevant 
scenes from the first and second parts of a football match. To avoid possible variations 
produced by the influence of different genres in the indicators under study, we used 
these two test sequences as unique video content. As they were highly correlated in time 
and content, the only way to display a coherent evolution of events was by presenting 
them in the right order (ITU-T, 1998b)). Furthermore, as our focus was on the influence 
of the immersive and interactive elements integrated in our test-bed, the two sequences 
were presented with the same quality to all the assessors.  

Requirements V and VI were addressed by adopting a random assignment procedure. In 
the first part of the experiment subjects were assigned randomly to one of the nine ex-
perimental conditions defined. Then, for the second part, they were assigned to one of 
the four experimental conditions remaining after excluding those comprising the im-
mersive and interactive conditions administered in the first part. The combination of this 
assignment procedure and the experimental configuration adopted ensured, by design, 
that being exposed to a given immersive condition is statistically independent from be-
ing exposed to a given interactive condition (and vice versa) and from the characteris-
tics of the individuals or the context. Thus, our experimental design resulted in uncorre-
lated immersion and interaction components, which enabled the possibility to conduct 
differentiated analyses across the immersion and interaction dimensions without incur-
ring in omitted-variable bias. Our design led also to: a random allocation of individuals 
(i.e. statistically independent from their characteristics) to the immersive and interactive 
conditions defined; a fairly balanced exposure of volunteers to the baseline condition vs. 
the two treatment conditions at each dimension; a quite homogeneous distribution of 
participants across experimental conditions for each test sequence; and, a quite balanced 
assignment of individuals to each possible order of exposure to immersion/interaction 
conditions.  

A preliminary experimental design was proposed and tested with five individuals. As a 
result, the experiment procedure, as well as several operational details, were further ad-
justed to ensure a smooth course of the experiment. The resulting experimental design is 
presented in Chapter 4. Whenever possible and to facilitate the comparison of our re-
sults with previous outcomes in the state-of-the-art, we decided to rely on previously 
validated measures and measuring instruments, as shown in Appendix II.  

6. Development of the user experiment 
The user experiment was carried out in the summer of 2013 during a time period of four 
weeks approximately. The materials and methods used, including a detailed description 
of the procedure followed, are described in Chapter 4. 

7. Data analysis and reporting 
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The compliance of requirements V and VI was verified ex-post using the data collected 
in the experiment. To that end we relied on: 

- One-way between subjects ANOVA to verify whether there were significant differ-
ences between the individuals assigned to the different immersive/interactive condi-
tions in terms of the user characteristics collected (applied to numerical factors); 

- Chi-square tests to verify whether there were significant differences between the 
individuals assigned to the different immersive/interactive conditions in terms of 
the user characteristics collected (applied to categorical factors, e.g. team prefer-
ences) 

To estimate the impact of the independent variables (i.e. experimental manipulations 
and participants’ characteristics) on the quality and presence measures considered we 
rely on Ordinary Least Squares (OLS). Our analysis encompasses three main steps: (1) 
we fit base models exploring the average impact of the each immersive/interactive com-
ponent on the dependent quality and presence measures; (2) the users’ characteristics 
collected in our experiment are introduced as independent variables to look for system-
atic differences in the dependent measures associated to each participants’ characteris-
tic; and, (3) individuals’ characteristics are interacted with the absence of each immer-
sive/interactive component to explore whether the impact on the dependent measures of 
excluding each of these components had a different magnitude across different groups 
of participants based on their characteristics. The results of the data analysis are report-
ed and discussed in detail in Chapters 5 and 6 of this thesis, respectively. 

8. Conclusions and future work 
Finally, our results were interpreted and contextualized with respect to the state of the 
art (see Chapter 6). Conclusions on the implications of our findings and on further re-
search were also elaborated (see Chapter 7). 

1.5 Assumptions, limitations and scope 

The scope of this research is framed by the media genre (i.e. sports – football) and by 
the limited resources of the ImmersiveTV project, which translate into a limited dura-
tion of experiments and into content and sample (e.g. size and composition) constraints. 
Also, individual interviews, focus groups and/or other qualitative methods would have 
been very helpful to interpret some statistical results and extend conclusions. However, 
none of these limitations is in disagreement with the exploratory nature of this research. 

1.6 Contribution 

This thesis has led to several relevant contributions. These are presented as follows. 
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1.6.1 Scientific-technical contributions 

First, from a scientific point of view, this research has contributed empirical evidence 
on the impact of binaural audio, sensory (light and olfactory) effects, interaction with 
3D objects integrated into the video scene and interaction with on-demand additional 
content using a second screen, on the sports media experience. This impact has been an-
alyzed both at the overall level (average effect) and as a function of users’ characteris-
tics (heterogeneous effects). 

Whereas some of our results reinforce the validity of previous outcomes, other contrib-
ute new findings that are worthy of further study. At the overall level, our experimental 
study revealed that participants preferred binaural audio than standard stereo audio and 
that sensory effects increase significantly the level of Spatial Presence. Several hetero-
geneous effects were also revealed as a result of our experimental manipulations. Inter-
estingly, these effects were not equally distributed across the quality and Presence 
measures analyzed. Whereas binaural audio was foud to have an influence on the major-
ity of the quality and Presence measures considered, the effects of sensory effects and of 
interaction with additional content through the tablet device concentrate mainly on the 
dimensions of Presence and on quality measures, respectively. The magnitude of these 
effects was modulated by individual’s characteristics, such as: preferences in relation to 
the content, frequency of viewing similar content, knowledge of involved technologies, 
gender, tendency to get emotionally involved, tendency to absorption and levels of 
agreeableness, conscientiousness and openness to experience. The two immersive com-
ponents analyzed (i.e. binaural audio and sensory effects) seem to be a powerful tool to 
enhance the user experience with media, with emphasis on its emotional dimension.  

The interaction with additional content using the tablet device was found to have a het-
erogeneous impact on the quality of experience and on the perceived quality of content 
and audio. The magnitude of these effects was found to be modulated by personal char-
acteristics such as individuals’ preferences in relation to the content, frequency of view-
ing similar content, knowledge of involved technologies, gender and tendency to ab-
sorption, as well as by the level of openness to experience. Our results concerning this 
interactive component suggest that it may contribute to an enhanced understanding and 
follow-up of the game events, in particular for not fans and for individuals with moder-
ate skills on the use of the genre. A common effect related to the former three compo-
nents include the tendency of technology-enthusiastic users to engage with the experi-
ence via their interest towards these technological innovations. No significant effects 
were revealed for the interaction with 3D objects integrated into the video scene. 

The personal characteristics collected in our experiment explained most of the variation 
in the dependent variables, confirming the frequently neglected role of individual differ-
ences on the media experience. Preferences in relation to the content, knowledge of in-
volved technologies and tendency to get emotionally involved were among the user var-
iables with the most generalized influence. In particular, the former two features seem 
to present a conflict in the allocation of attentional resources towards the media content 
versus the technical features of the system, respectively. Additionally, football fans’ ex-
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perience seems to be modulated by emotional processes whereas for not fans, cognitive 
processes (and in particular those related to quality judgment) prevail.  

From a technological point of view, this thesis has contributed to demonstrate that is not 
only possible but also technically feasible to implement and deploy an end-to-end solu-
tion integrating immersive and interactive elements into a hybrid (internet-broadcast) 
television system (see Chapter 3 and (Luque et al., 2014)). In the experimental set-up 
deployed the main audiovisual content (a football match) is complemented with binau-
ral audio, cut grass scent, ambient lighting effects and main lighting and shutter control-
lers (immersion dimension), and with interactive 3D objects and meaningful content de-
livered through a second screen (interaction dimension). To transmit this 
complementary content, our ImmersiveTV system exploits the strengths of (and is is 
fully compatible with) current standards for transmission (DVB-T), video coding 
(AVC), data multiplexing (MPEG-2), additional signaling (DVB), and actuator devices 
(KNX) and it can be easily adapted to support MPEG-V by defining suitable Sensory 
Effect Metadata according to the Sensory Effect Description Language (SEDL) and 
Sensory Effect Vocabulary (SEV) specified by the standard, and by performing configu-
ration adjustments in the receiver gateway to generate the KNX commands accordingly. 
At the user’s premises, the content is delivered using the private IP network that con-
nects the receiver gateway with the visualization terminals and sensory devices. Of par-
ticular relevance in this implementation is the solution for the estimation of dense depth 
maps from a stereo video pair developed by the currently Telecommunications Engineer 
Eduardo Sánchez in his Master Thesis, under the supervision of this PhD candidate. The 
solution relies on a semi-global block matching (SGBM) algorithm (Hirschmüller, 
2008) implemented on GPU using the Compute Unified Device Architecture (CUDA) 
tools provided by nVidia  (Kowalczuk, Psota, & Perez, 2012). This method allows all 
the processing to be performed within the time imposed by the source video frame rate 
(25fps) thus preventing unwanted performance dropdowns. For 3D video content used 
in our testbed, the SGBM algorithm programmed in CUDA achieved an overall perfor-
mance of 26.5 fps. 

1.6.2 Scientific documents and publications 
The scientific publications originated from the thesis are listed as follows: 

Book Chapter 
Galloso, I., Feijóo, C., & Santamaría, A. (2015). Novel approaches to Immersive Media: 
from enlarged field-of-view to multi-sensorial experiences. In A. Kondoz & T. 
Dagiuklas (Eds.), Novel 3D Media Technologies (pp. 9–24). New York: Springer New 
York. doi:10.1007/978-1-4939-2026-6_2 
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Journal papers 
Galloso, I., Palacios, Juan F., Feijóo, C., & Santamaría, A. (in press). On the influence 
of individual characteristics and personality traits on the user experience with multi-
sensorial media: an experimental insight. Multimedia Tools and Applications, Special 
Issue on "Immersive Media Experiences” (SCI IF 2014: 1.346). 

Luque, F. P., Galloso, I., Feijóo, C., Martín, C. A. and Cisneros, G. (2014). "Integration 
of Multisensorial Stimuli and Multimodal Interaction in a Hybrid 3DTV System". ACM 
Transactions on Multimedia Computing, Communications and Applications, 11(1s), 
16:1–16:22. doi:10.1145/2617992 (SCI IF 2014: 0.971). 

Conference Proceedings 
Luque-Oostrom, F.P., Galloso, I. Piovano, L., Garrido, D., Sánchez, E., Feijóo, C., 
“Conceptual Design and Preliminary Results of an Immersive and Interactive 3DTV 
Prototype using a 5-sided CAVETM“. JVRC 2012: Joint Virtual Reality Conference of 
ICAT - EGVE – EuroVR 2012 [Industrial Track]. Madrid, Spain, 17 - 19 de Octubre de 
2012. 

Other 
Galloso, I., Luque-Oostrom, F.P., Piovano, L., Garrido, D., Sánchez, E., Feijóo, C., 
“Foundations of a New Interaction Paradigm for Immersive 3D Multimedia“.2012 
NEM Summit. Istanbul, Turkey,  16 - 18 de Octubre de 2012. 

Additionally, the PhD candidate supervised the following Master Thesis: 

Title: Desarrollo de un sistema de estimación de mapas de profundidad densos a partir 
de secuencias reales de vídeo 3D 
Student: Eduardo Sánchez Romero 
Date: 7 de mayo de 2014 
Calification: 10 puntos 

Other scientific publications to which the PhD candidate has contributed the knowledge 
acquired during the course of this research are: 

Piovano, L., Garrido, D., Silva, R. and Galloso, I. (2014). "What (Smart) Data Visuali-
zations Can Offer to Smart City Science" Communication & Strategies, N. 96 - Chal-
lenges and prospects of the SMART CITY, 4th quarter 2014, 24/11/2014, ISSN Num-
bers: Print: 1157-8637 - Online: 2116-0341. 

Piovano, L., Andréu, A., Galloso, I., Fejióo, C., “A Perceptive Insight into Cities Pat-
terns by Visualizing Urban Economies”. Proceedings of the 5th International Confer-
ence on Information Visualization Theory and Applications (IVAPP 2014), pag. 222-
227. Lisbon, January 5-8, 2014. ISBN: 978-989-758-005-5. 
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Andréu, A., Piovano, L., Galloso, I., Feijóo, C., “Visualization of dynamic socio-
economic geographies of cities”. Urbannet 2013 Workshop, European Conference on 
Complex Systems (ECCS) 2013. Barcelona, September 16-20, 2013. 

1.6.3 Invited talks 
The PhD candidate has been invited to give the following talks. Most of these talks are 
directly related to the research presented in this thesis: 

Title: QoE in immersive and interactive media 
Event: Work Groups and Management Committee Meetings of the COST Action 
IC1105: 3D‐ConTourNet - 3D Content Creation, Coding and Transmission over Future 
Media Networks 
Organizer: 3D‐ConTourNet 
Place: Nantes, France 
Date: 31 October 2013 

Title: Immersive TV 
Event: Industry Forum and Work Groups and Management Committee Meetings of the 
COST Action IC1105: 3D‐ConTourNet - 3D Content Creation, Coding and Transmis-
sion over Future Media Networks 
Organizer: 3D‐ConTourNet 
Place: Poznan, Poland 
Date: 10 April 2013 

Title: Realidad Virtual y Aumentada:Retos y oportunidades 
Event: Jornada de Especialización del Instituto Universitario de Seguridad Interior: “Re-
tos, Tendencias y Oportunidades de las Tecnologías de Información y Comunicación 
(TIC)” 
Organizer: Dirección General de la Guardia Civil 
Place: Madrid 
Date: 15 October 2015 

Title: Recent trends and current challenges in Augmented Reality 
Event: SVR2014 - Simpósio de Realidade Virtual e Aumentada 
Organizer: SENAI - CIMATEC 
Place: Salvador – BA, Brasil 
Date: 4 September 2013 

Title: Recent trends and current challenges in Position Tracking for VR applications 
Event: SVR2014 - Simpósio de Realidade Virtual e Aumentada 
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Organizer: SENAI - CIMATEC 
Place: Salvador – BA, Brasil 
Date: 4 September 2013 

Title: Visual data analysis for decision making 
Event: Seminario 
Organizer: IE Business School 
Place: Madrid 
Date: 12 June 2013 

1.6.4 Review of research papers and proposals 
The PhD candidate has been reviewer in the following Conferences and Public calls: 

Event: IEEE Workshop on Quality of Experience-based Management for Future Inter-
net Applications and Services (QoE-FI) at 2015 IEEE International Conference on 
Communications, IEEE ICC'15. 
Organizer: IEEE 
Date: June 2015 

Convocatoria: SE Infraestructuras Científicas y Técnicas y Equipamiento 2013 
Organizer: ANEP 
Date: October 2014 

Event: 1st International Workshop on 3D Multimedia for Mobile and Wireless Net-
works (3D-MMWN'13) 
Organizer: COST Action 3D-ConTourNet  
Date: October 2013 

Event: IEEE Workshop on Immersive & Interactive Multimedia Communications over 
the Future Internet, at IEEE International Conference on Communications 2013, IEEE 
ICC'13. 
Organizer: IEEE  
Date: 9-13 June 2013 

Event: JVRC 2012: Joint Virtual Reality Conference of ICAT - EGVE – EuroVR 2012     
Organizer: ICAT - EGVE – EuroVR 
Date: 17-19 October 2012 
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1.6.5 Generation of project proposals 

The research developed in this thesis has contributed significantly to the definition of 
the following project proposals: 

Title: ECLIPSE - Enriched Creative Session  
Topic: ICT19 - Technologies for creative industries, social media and convergence  
Call: H2020-ICT-2015 

Title: SENSATE - Sensorial Self Adapting Teaching Environment  
Topic: ICT20 - Technologies for better human learning and teaching 
Call: H2020-ICT-2015 

Title: EDEN - Early DEpression preveNtion 
Topic: FETOPEN-1-2014 
Call: H2020-FETOPEN-2014-2015-RIA 

Title: RESCUE-ME - Digital gaming technology for stress-control assessment and en-
hancement within civil-security and emergency-response corps 
Topic: H2020-ICT-21: Advanced digital gaming/gamification technologies 
Call: H2020-ICT-2014-1 

Title: EICIS - Enhanced Inter-Connected Immersive Spaces 
Topic: ICT 2013.1.6 Connected and Social Media 
Call: FP7-ICT-2013-10 

Title: IM4G3 - Innovative Mind-storm platform for Generating 3D ideas 
Topic: ICT-2013.8.1 Technologies and scientific foundations in the field of creativity 
Call: FP7-ICT-2013-10 

1.7 Structure of the document and writing style 

The remainder of this thesis is organized as follows. Chapter 2 conceptualizes and con-
textualizes the research presented in this thesis versus the state of the art; Chapter 3 pro-
vides an overall description of the ImmersiveTV system that was implemented to sup-
port the immersive and interactive TV scenario defined in the project. Chapter 4 
presents in detail the experimental study conducted, including the materials and meth-
ods used. Chapter 5 presents the outcomes of the three-step analysis developed across 
each dimension (i.e. immersion and interaction). Chapter 6 discusses, interprets and 
contextualizes our results with regard to previous findings reported in scientific litera-
ture. And, Chapter 7 summarizes the most relevant contributions of this thesis, high-
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lights open issues and research challenges and suggests specific hypothesis to be tackled 
in the future. 

Considering the collaborative nature of the work presented in this thesis, I use “we” as 
the default voice. In general, “we” refers to me, my supervisors and my colleagues at 
the Virtual Reality group at CeDInt. As regards to the technical implementation of the 
ImmersiveTV system, “we” includes several colleagues from other research teams in-
volved in the project (e.g. Ericsson, Eumóvil, Inmomática, Indra Media and the G@TV 
group at UPM). In the analysis of results, “we” intends for me and my colleague Juan 
Palacios at the Tecno-Economics Group at CeDInt. Finally, “we” refers to “me and the 
reader” and/or “me and the (research) community” whenever the discourse is explanato-
ry or describe previous outcomes.  

Unless otherwise indicated, the graphic materials and tables included in this thesis were 
created by the Virtual Reality group at CeDInt © Universidad Politécnica de Madrid 
2015. 
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2. STATE OF THE ART 

2.1 The media experience: Presence, emotions and quality judgment 

Consistent results across more than seven decades of mass media effects research (in 
particular, under the uses and gratifications approach), identify enjoyment as the prima-
ry gratification sought from media (Sherry, 2004). Considered a direct predictor of au-
dience, media enjoyment has been in the focus of media effects research for almost for-
ty years (Ruggiero, 2000; Sherry, 2004).  

The encyclopedia of positive psychology defines enjoyment as “engagement in a chal-
lenging experience that either includes or results in a positive affective state” (Kapsner, 
2009). Csikszentmihalyi, the father of the theory of the optimal experience, conceptual-
izes the term beyond pleasure, arguing that enjoyment is characterized by “forward 
movement that accomplishes something novel or challenging, resulting in a growth ex-
perience” (Csikszentmihalyi, 1990). Indeed, an enjoyable media experience presents 
several features inherent to the state of flow, such as: intense and focused concentration, 
merging of action and awareness, loss of reflective self-consciousness, distortion of 
temporal experience and experience of the activity as intrinsically rewarding (Nakamura 
& Csikzentmihalyi, 2003).  

The components and dynamics underlying media enjoyment have been studied across a 
great variety of genres as a dependent variable of personality traits, individual differ-
ences, mood, content characteristics, social context or a combination of these. As a re-
sult, it has been characterized as a multidimensional construct conditioned by affective 
components in a first place but also by cognitive and behavioral factors. (Nabi & 
Krcmar, 2004; Raney & Bryant, 2002; M. D. Slater, 2003; Tamborini, Bowman, Eden, 
Grizzard, & Organ, 2010; Wechsung, Schulz, Engelbrecht, Niemann, & Möller, 2011; 
Zillmann & Vorderer, 2000). In particular, emotional enjoyment has been found closely 
linked to entertainment as a media effect, which at the same time correlates with some 
of the more frequently reported motivations for media use: arousal, to pass time, relaxa-
tion and to escape. In this sense, media provides a mean to escape to a fantasy world 
where emotions can be experienced (Sherry, 2004).  

The desire of escaping from reality (or to some extent, of being “transported” to a dif-
ferent place) leads to the concept of Presence, defined as the subjective experience of 
being in one place even when the person is physically located in another (M Slater & 
Wilbur, 1997), is at the core of research on user experience with entertainment technol-
ogies, with particular emphasis on interactive computer-generated applications. Pres-
ence has been found to be strongly related to the capability of a mediated environment – 
including 3DTV, videogames and artistic and cultural heritage virtual environments 
(VEs) – to elicit emotions (Riva et al., 2007; Västfjäll, 2003) and, in particular, enjoy-
ment (P Skalski et al., 2010; Sylaiou et al., 2010). In consequence, an enhanced sense of 
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Presence is considered to have a direct impact on the adoption potential of these appli-
cations.  

The factors influencing Presence can be associated to the media form, the media content 
or the media users (Lombard & Ditton, 1997). Media form is related to the extent and 
fidelity of sensory information and to the consistency between the sensory in-
puts/outputs presented through the different modalities (W. IJsselsteijn, 2000; Lombard 
& Ditton, 1997; M Slater & Wilbur, 1997). In other words, it encompasses those fea-
tures characterizing in an objective manner the capability of a specific software and 
hardware solution to deliver a rich and consistent multi-sensorial media content in a 
transparent manner (i.e. as an invisible medium).  

Media content is a very broad category concerning issues such as the story, messages, 
objects, activities or characters presented. In particular, some content characteristics 
identified as determinants of Presence are: social realism, autonomous behavior and ap-
pearance of characters and objects, the ability to modify the physical environment and 
to anticipate the effect of an action and possible interactions between the type, nature 
and complexity of tasks or activities (W. IJsselsteijn, 2000; Lombard & Ditton, 1997; 
Schuemie, van der Straaten, Krijn, & van der Mast, 2001; M Slater, Steed, McCarthy, & 
Maringelli, 1998). 

As regards to the characteristics of the media user, Presence has been found to be signif-
icantly influenced by emotional, cognitive and motivational-behavioral factors, such as: 
immersive tendency (measured in terms of absorption and emotional involvement), at-
tention, relevance, skill, perceived control, challenge, cognitive capabilities and person-
ality traits (Alsina-Jurnet & Gutierrez-Maldonado, 2010; Darken, Bernatovich, Lawson, 
& Peterson, 1999; Lee & Kim, 2008; Novak, Hoffman, & Yung, 2000; Takatalo, 
Nyman, & Laaksonen, 2008; Weibel et al., 2010). Interestingly, these outcomes are in 
coherence with Nabi and Mrcmar’s (Nabi & Krcmar, 2004) theory of media enjoyment 
as an attitude discussed below. That is, although different in focus and approach, these 
works point to a strong interaction among the cognitive-affective assessment of the me-
dia experience (i.e. expressed in the form of a holistic quality judgment of the media 
form and content components presented), the emotional response and the perceived lev-
el of physical Presence.  

The most commonly used measures of Presence are based on subjective ratings through 
questionnaires (Schuemie et al., 2001). Among the most prominent measuring tools are 
the Presence questionnaire developed by Slater and colleagues over a number of studies 
(Usoh, Catena, Arman, & Slater, 2000); Witmer and Singer’s Presence Questionnaire 
(Witmer & Singer, 1998); and the ITC Sense Of Presence Inventory (ITC-SOPI) devel-
oped by Lessiter et al. (Lessiter, Freeman, Keogh, & Davidoff, 2001). Whereas the for-
mer two questionnaires examine the sense of Presence in computer generated environ-
ments, the ITC-SOPI instrument was conceived to measure Presence-related facets of 
the user experience across a range of media, including television and cinema. A total of 
604 individuals provided responses to the initial list of 63 Presence-related items. Using 
principal axis factoring analysis, Lessiter et. al. extracted four factors: Sense of Physical 
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Space (also known as Spatial Presence), Engagement, Ecological Validity (also referred 
as Naturalness), and Negative Effects. Taken together, the former two factors accounted 
for more than 25% of the variance. The Sense of Physical Space encompasses items re-
ferring to the sense of physical placement in the mediated environment and Engagement 
comprises items describing a tendency to feel psychologically involved and to enjoy the 
content. 

Quality of Experience (QoE) research focuses on the factors and mechanisms that influ-
ence the subjective quality assessment of a multimedia asset (i.e. the content quality as 
perceived by an individual). The construct has been formalized as: “the degree of de-
light or annoyance of the user of an application or service (…) which results from the 
fulfillment of [his/her] expectations with respect to the utility and/or enjoyment of the 
application or service in the light of the his/her personality and current state” (Le 
Callet et al., 2012). The factors influencing the QoE can be of contextual, technical and 
human nature. Contextual factors have been defined as those “that embrace any situa-
tional property to describe the user’s environment” (Jumisko-Pyykkö, 2011). These not 
only concern the physical context, but also other dynamic or static features of economic, 
social or technical nature (Le Callet et al., 2012). Technical factors (also known as sys-
tem factors) refer to those conditioning the resulting technical quality of an application 
or service (Jumisko-Pyykkö, 2011). Different categories of system factors have been 
proposed in literature, both from a technical perspective, in which they are divided ac-
cording to the related components of the service architecture/chain, and from a user per-
spective, considering their final influence/manifestation during the experience (Bracken, 
Pettey, & Wu, 2011). Last but not least, human factors comprise those features that 
characterize the user and have an influence on his/her perception of quality. The influ-
ence of human and system factors on the sense of Presence, on the emotional response 
and on the perceived quality of a multimedia asset is discussed further in sections 2.2 
and 2.3 respectively. The focus of these sections, in coherence with the goals of this 
thesis, is on immersive and interactive media. 

2.2 The bounding effect of human factors  

2.2.1 Attitudes  

The psychological mechanisms underlying user experience with multimedia applica-
tions have been widely studied although not completely understood. In a holistic ap-
proach, Nabi and Mrcmar (Nabi & Krcmar, 2004) conceptualize media enjoyment as an 
attitude, a broad psychological construct defined as "a relatively enduring organization 
of beliefs, feelings, and behavioral tendencies towards socially significant objects, 
groups, events or symbols" (Hogg & Vaughan, 2005). This approach is supported by a 
broad body of evidence on the influence of affective, cognitive and behavioral factors 
on individuals quality judgment of and emotional response to media (Nabi & Krcmar, 
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2004; Raney & Bryant, 2002; M. D. Slater, 2003; Tamborini et al., 2010; Wechsung et 
al., 2011; Zillmann & Vorderer, 2000). 
The tripartite structure of attitudes has been encompassed into the ABC model (A.H. 
Eagly & Chaiken, 1995; McLeod, 2014). The Affective dimension (A) refers to the in-
dividual’s emotions in relation to the attitude object (in our analysis, the media content). 
This dimension has been studied mainly in terms of media enjoyment, which is at the 
core of the intrinsic motivations and effects of media use (Sherry, 2004). Media enjoy-
ment has also been found to be linked to entertainment as a media effect, which at the 
same time correlates with some of the more frequently reported motivations for media 
use: arousal, to pass time, relaxation and to escape. In this sense, media provides a 
means to escape to a fantasy world where emotions can be experienced (Sherry, 2004). 

The Cognitive (C) components, which have been studied to a lesser extent, concern per-
sonal beliefs and knowledge in relation to the attitude object. Finally, the Behavior (B) 
dimension deals with the influence of attitude on behavior and encompasses forms as 
past or ongoing viewing experience and past behaviors or behavioral intentions in rela-
tion to the content (Nabi & Krcmar, 2004). The B dimension is frequently addressed 
under the assumption of consistency, which holds that an individual’s behavior shall be 
consistent with his/her affective and cognitive attitudinal components. However, neither 
this principle nor a clear distinction between the ABC components have been supported 
by empirical research in a consistent manner (Alice H. Eagly & Chaiken, 1998; LaPiere, 
1934; McLeod, 2014). 

According to Eagly and Chaiken (A.H. Eagly & Chaiken, 1995) attitudes are critically 
expressed by “evaluating a particular entity with some degree of favor or disfavor” (i.e. 
by means of a quality judgment). In this sense, the attitudinal attribute structural con-
sistency is analyzed in (Visser et al., 2006) to deal with a person’s overall evaluation of 
an object, with the evaluative implications of his/her beliefs and emotional reactions to 
the object and with the multiple interactions among these. In particular, several authors 
emphasize the importance of attributes such as valence (positive or negative), the inten-
sity (i.e. psychological significance) of attitudes and previous knowledge and experi-
ence in relation to the attitude object (A.H. Eagly & Chaiken, 1995; Nabi & Krcmar, 
2004; Visser et al., 2006). The relevance of measurement specificity (i.e. by clearly 
identifying the element to be assessed) is also highlighted in (Nabi & Krcmar, 2004) as 
a means to properly contextualize the evaluation and therefore obtain more reliable as-
sessments. 

2.2.2 Personal characteristics and personality traits 

Many different characteristics of the media user have been suggested to have an influ-
ence on the media experience. Along each of the three dimensions defined by the atti-
tudes theory, these characteristics can be classified as encompassing from situation spe-
cific factors as mood before or during the media use (Lombard & Ditton, 1997) to more 
enduring features or states as personality traits (Sacau, Laarni, & Hartmann, 2008). 
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However, empirical evidence about the role of personal characteristics on the user expe-
rience with media is still quite limited.  

Situation specific factors may condition the physical, cognitive and affective state of the 
user immediately before or during the exposure to media and, in consequence, may have 
an important effect on the user experience. However, these factors are usually extremely 
dynamic and the variability of their impact across individuals can be very high. Fur-
thermore, only a few of these variables, as may be visual fatigue derived from a defi-
cient 3D production, can be controlled in a consistent manner by a technical system. 
Thus, predictions on the influence of state variables on the user experience are rarely in-
cluded in a general model (Wirth et al., 2007). Conversely, enduring personal character-
istics enable the characterization of the media user in a more consistent manner. In the 
following we present some of the most relevant factors found in the state of the art to 
have an influence on the user experience with media. The emphasis is on empirical 
studies.  

In (Lombard & Ditton, 1997), Lombard and Ditton reviewed previous literature with the 
aim to identify factors that encourage or discourage a sense of Presence in media users. 
The factors analyzed encompass characteristics of media form, characteristics of media 
content, and characteristics of the media users. From the last group, the authors high-
light knowledge and previous experience with media and personal relevance of the con-
tent as some of the user factors more likely to influence Presence.  

According to the theoretical model proposed by Wirth et. al. (Wirth et al., 2007), the 
construction of Spatial Presence follows a two-stage process. The first level encom-
passes the construction of the spatial situation model; a mental model of the mediated 
situation that integrates spatial-related information. According to the authors attention 
allocation plays a dominant role in this step, which is heavily affected by three main in-
dividual characteristics, namely psychological absorption, domain-specific interest and 
spatial visualization ability. Wirth et. al. also identify intelligence, gender and age as 
other (secondary) user variables that could have an influence on the controlled (i.e. vol-
untary) allocation of attention. In the second level, Spatial Presence is generated by the 
confirmation of a specific perceptual hypothesis addressing the individual perception of 
self-location in (and frequently also of possible actions within) the depicted environ-
ment. Factors as individual cognitive involvement and willingness to suspend disbelief 
are considered to favour this process of perceptual hypothesis testing. 

In (Witmer & Singer, 1998) Witmer and Singer analyze, among other issues, how per-
sonal differences affect the perceived level of Presence. This was made in terms of im-
mersion, under the assumption that the greater the sense of immersion the higher the 
level of Presence experienced by the user of a mediated environment. To measure the 
Immersive Tendency of an individual, Witmer and Singer propose the Immersive Ten-
dency Questionnaire (ITQ). The structure and utility of the proposed scales were ana-
lyzed within and across four experiments involving 152 participants. The experiments 
combined different levels of task difficulty and environment complexity, as well as dif-
ferent types of visualization and interaction devices. A cluster analysis on the resulting 
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data revealed three subscales, namely involvement (propensity to get involved passively 
in some activity), focus (ability to concentrate on enjoyable activities and block out dis-
traction), and games (frequency of playing games and level of involvement in these 
games). Only two of the four experiments revealed a significant correlation between the 
reported levels of Immersive Tendency and Presence. However, a significant correlation 
between these measures was found by combining the data across experiments. Witmer 
and Singer’s Immersive Tendency Questionnaire is one of the most widely used instru-
ments to measure the personal tendency to get immersed in a mediated environment. 

Similarly, the Big Five factors extraversion, agreeableness, conscientiousness, neuroti-
cism and openness to experience are considered the most comprehensive dimensions of 
personality (Oliver P John & Srivastava, 1999). Extraversion implies an energetic ap-
proach toward the social and material world. That is, it measures to what extent an indi-
vidual is oriented toward the external world (the opposite to introvert) and encompasses 
traits such as sociable, active, assertive, outgoing and emotionally positive. Agreeable-
ness contrasts a prosocial and communal orientation towards others with antagonism. 
Agreeable persons can be generally described as trustful, helpful, altruist, tender-
minded and modest. Conscientiousness describes socially prescribed impulse control 
that facilitates task- and goal-directed behavior. It is generally associated with individu-
als that that tend to think before acting, perform well following norms and rules, plan-
ning, organizing and prioritizing tasks and that are hard-working, reliable, organized 
and self-disciplined. The trait has been also related to an increased perceptual sensitivi-
ty. Conversely, neuroticism contrasts emotional stability and even-temperedness (low 
scores) with negative emotionality, such as feeling anxious, nervous, sad, and tense 
(high scores). People scoring high on neuroticism are usually nervous, insecure, anx-
ious, vulnerable and excitable. Finally, openness to experience (vs. closed-mindedness) 
describes the breadth, depth, originality, and complexity of an individual’s mental and 
experiential life. This factor is related to personality traits as adventurous, liberal, imag-
inative, receptive to new ideas and approaches and having a preference for variety 
(Benet-Martínez & John, 1998; O. P. John, Donahue, & Kentle, 1991; O. P. John, 
Naumann, & Soto, 2008; Rose, Murphy, Byard, & Nikzad, 2002). 

The work by Weibel et al. (Weibel et al., 2010) analyzes the relation between immer-
sion and the Big Five personality traits. The authors rely on Witmer and Singer’s Im-
mersive Tendency Questionnaire and on the NEO Five-Factor Inventory to measure the 
individuals’ immersive tendency and personality traits, respectively. To examine the 
dimensionality of immersive tendency Weibel at al. conducted a factor analysis on the 
ITQ scale. In contrast to Witmer and Singer’s classification, they obtained two factors 
that explained 17.32% and 8.11% of the variance. The first factor consists of five items 
that capture emotional reactions during media usage and during (day) dreaming and 
thus, it was classified as emotional involvement. The second factor was classified as ab-
sorption since it comprises four items that refer to focused attention, lost track of time 
perception and involvement in the sense of blocking out external distractors. Weibel et 
al. explored the connection between immersive tendency and the big five personality 
traits using structural equation modeling. The subdimension immersive tendency was 
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found to be almost entirely determined by emotional involvement. The construct, as 
well as the subdimension emotional involvement, resulted to be positively correlated 
with openness to experience, neuroticism and extraversion. Neuroticism showed the 
highest influence. The three variables explained around one third of the variance of im-
mersive tendency and of emotional involvement. Conscientiousness and agreeableness 
were not found to be related to immersive tendency. Interestingly, the subdimension ab-
sorption was found to be influenced only by openness to experience. In other words, in-
dividuals who score high on openness to experience are more prone to get emotionally 
involved in and to get absorbed by media than those who score low. Conversely, users 
with high scores on neuroticism and extraversion show an increased tendency to get 
emotionally involved only. 

Sacau et al. (Sacau et al., 2008) conducted an extensive literature review on the influ-
ence of human factors on Presence. The personal characteristics analyzed encompass 
categories as cognitive abilities, practice and demographic factors and personality traits. 
Within the first category the authors highlight memory and reasoning, spatial and psy-
chomotor abilities and the capacity to identify and manipulate visual patterns. They hy-
pothesize that these abilities may increase plot comprehension and enable a fluid navi-
gation through and an enhanced perception of spatial sceneries, respectively. 
Concerning practice and demographic factors, Sacau et al. point to level of experience, 
domain specific knowledge, gender and age. As regards to the former factor, the authors 
hypothesize that experienced users are more able to focus attention on meaningful de-
tails of the mediated environment than naïve individuals. A similar effect is envisaged 
for general knowledge in relation to the content. Concerning this factor, the authors be-
lieve that it could have also a negative impact since experts are supposed to pay more 
attention to errors or wrong portrayals. The potential impact of gender and age on the 
user experience is suggested to be related to gender differences in spatial abilities and to 
the negative effect of age on individuals’ capability to allocate attentional resources re-
spectively (see (Sacau et al., 2008) and citations thereof).  

Sacau et al. examine several experimental works as those of Sas and O’Hare (Sas & 
O’Hare, 2003), Laarni et al. (Laarni et al., 2004), Murray et al. (C. D. Murray et al., 
2007) and Baños et al. (Baños et al., 1999). Sas and O’Hare found a correlation between 
the personality factors psychological absorption, empathy and willing to suspend disbe-
lief and the reported level of Presence. Laarni et al. (Laarni et al., 2004) found a signifi-
cant relation between Presence and factors as extraversion, impulsivity and focus (as de-
fined by Witmer and Singer) and suggest that attentional processes may have a 
mediating role in the elicitation of Presence. Neuroticism, however, was not found to be 
correlated with Presence. The work by Murray et al. (C. D. Murray et al., 2007) re-
vealed a significant correlation between Presence and two of the four factors analyzed: 
dissociation and locus of control. The other two factors, namely psychological absorp-
tion and immersive tendency were not found to be related with Presence. Conversely, 
Baños et al. (Baños et al., 1999) found that the higher the absorption susceptibility, the 
greater the level of Presence experienced by an individual. As pointed out by Sacau et 
al., although many of these works coincide on the instruments used to measure person-
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ality factors as absorption and immersion, there are significant differences among their 
approaches as regards to the Presence questionnaires used, the methodology followed, 
the media stimuli applied and the technical features of the visualization system em-
ployed to deliver it.  

Jumisko Pyykkö (Jumisko-Pyykkö, 2011) identifies three major user‘s characteristics 
that, according to previous works, have an impact on the quality of experience. These 
are user‘s relation with the content, quality expectations and knowledge about the char-
acteristics of quality under study. Within the first category, personal interest in the con-
tent is highlighted as one of the factors with the highest influence. Concerning the last 
one, several works reveal that experienced evaluators are more critical and also more 
consistent in their evaluations than naïve assessors (D.S. Hands, Brotherton, Bourret, & 
Bayart, 2005).  

Scientific evidence on the influence of human factors on the user experience with media 
(and in particular, with multi-sensorial media) is still insufficient and sometimes, con-
tradictory. An empirically-supported framework enabling a systematic program of re-
search in this field is required to contextualize and consolidate previous results and to 
build further scientific knowledge.  

2.2.3 Multimodal perception 

From a broad psycho-physiological perspective quality judgment is framed by the hu-
man perception mechanism, which flows at two main levels: the early sensory pro-
cessing level, aimed at extracting relevant features from the incoming multimodal sen-
sory information, and the high-level cognitive processing level, focused on conscious 
interpretation and judgment (Goldstein, 2010; Jumisko-Pyykkö, 2011). Although this 
classification has been useful for analysis purposes, the boundaries between the two 
processing levels are not clearly established. In fact, the tight interactions between these 
two processes have shown to enable complex cognitive learning mechanisms such as 
the absorption of new knowledge (Neisser, 1976) or the development of specialized 
(e.g. image-based diagnosis) (P T Sowden, Davies, & Roling, 2000; Werner & Thies, 
2000) or general (Curran, Gibson, Horne, Young, & Bozell, 2009; Paul T. Sowden, 
Rose, & Davies, 2002) perceptual skills.  

The mechanisms characterizing the processing of multiple simultaneous sensory inputs 
and their integration into a single, coherent and meaningful stimulus (i.e. multimodal 
perception), have not been entirely characterized yet. Whereas some works point to the 
integration and sharing of perceptual information since the very early sensory pro-
cessing stages (Coen, 2001; Shimojo & Shams, 2001), others contribute empirical evi-
dence suggesting that sensory and detection processing occur independently for each 
modality, and that information is merged at the decision stage (Pannunzi et al., 2015). 
There is wide consensus, however, that factors such as knowledge, emotions, expecta-
tions, attitudes and goals have a modulating effect on the relative importance of sensory 
modalities and their attributes, as well as on the orientation of attentional resources ac-
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cordingly (Bey & McAdams, 2002; Cui, 2003; Jennings, Van Der Molen, Van Der 
Veen, & Debski, 2002). These changes in early sensory processing can be subject to a 
specific domain of expertise (e.g. image-based diagnosis) (P T Sowden et al., 2000; 
Werner & Thies, 2000) or can be eventually consolidated as a general ability (Curran et 
al., 2009; Paul T. Sowden et al., 2002). Furthermore, in case of discrepancies between 
the individual knowledge schema (built from past experiences and from abstract expec-
tations and representations of the external reality) and the sensory input, the structure of 
the schema can be modified to integrate the contradictory stimuli (i.e. absorption of new 
knowledge) (Neisser, 1976). 

The presence of a given modality can distort or modulate (either intensifying or attenu-
ating) the perception and relative importance of other modalities (see (Shimojo & 
Shams, 2001) and citations thereof). Cross-modal interaction processes -as for example, 
synesthesia-, underline the relative importance of the different sensory modalities pre-
sented (see (Shimojo & Shams, 2001) and citations thereof). For instance, several works 
reveal complex bidirectional interactions between vision and sound, both in terms of the 
potential of vision to alter the perception of speech and the spatial location of audio 
sources and of the influence of audio on vision in terms of temporal resolution, intensi-
ty, quality, structure and interpretation of visual motion events (Chandrasekaran & 
Ghazanfar, 2011; McGurk & MacDonald, 1976; Rock & Victor, 1964; Scheier, 
Nijhawan, & Shimojo, 1999; Paul Skalski & Whitbred, 2010). Similarly, the sense of 
smell has been found to be influenced by other senses such as sight, hearing and touch 
(Obrist, Tuch, & Hornbaek, 2014). Furthermore, it has the potential to evoke vivid 
memories and emotional reactions, it is mostly associated to personal relations and ex-
periences and the related preferences are highly variable across individuals (Herz & 
Engen, 1996; Obrist et al., 2014; Willander & Larsson, 2006; Wrzesniewski, McCauley, 
& Rozin, 1999). Interestingly, smell technologies also raise health and privacy concerns 
as regards to the use of chemicals and to the possibility of misuse, respectively (Obrist 
et al., 2014).  

Concerning other modalities, a form of synesthesia -defined as ‘crossmodal transfer’-, 
has been reported between vision and touch. The phenomenon is characterized by the 
appearance of a perceptual illusion in one modality induced by a correlated stimulus on 
other sensory modality (e.g. illusion of physical resistance induced by the manipulation 
of a virtual object in a mediated environment) (Biocca, Kim, & Choi, 2001). Interesting-
ly (although not surprisingly), this cross-modal illusion was found correlated with the 
sensation of spatial and sensory presence in the displayed environment. In (Hecht, 
Reiner, & Halevy, 2006), participants reacted faster (i.e. lower simple detection times 
were measured) to auditory and haptic stimulus than to visual stimulus when only one 
of them was presented (unimodal condition). In coherence, the bimodal auditory-haptic 
combination resulted in even faster reactions in comparison to those reported for each 
unimodal component and for the other two bimodal combinations (visual-haptic and 
visual-auditory). These results suggest a highly relevant influence of auditory and haptic 
stimuli on processing times at the initial perceptual stage, which according to the au-
thors allows users more time in the consequent cognitive stages, enabling them better 
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integration and filling in of missing information. Similarly, the authors in (Basdogan, 
Ho, Srinivasan, & Slater, 2001) found that haptic feedback can led to an improved task 
performance and feeling of “sense of togetherness” in shared VEs. 

The majority of these empirical findings support the modality appropriateness hypothe-
sis, which argues that the modality that is most appropriate or reliable with respect to a 
given task dominates the perception in the context of that task (Welch & Warren, 1980). 
However, this and other approaches still require further elaboration to better explain 
complex effects such as the wide variety of responses to inter-sensory divergent events 
reported in literature.  

2.3 The influence of system factors 

The effectiveness of a mediated environment to evoke cognitive and emotional reac-
tions in a similar way to non-mediated experiences is heavily conditioned by the con-
sistency between the displayed environment and an equivalent real environment as re-
gards to the user experience (Bowman & McMahan, 2007; de Kort, Ijsselsteijn, 
Kooijman, & Schuurmans, 2003). Two main mechanisms contributing to this realistic 
response are identified in (Mel Slater, 2009). These are: place illusion, defined as the 
subjective sense of being in a real place (i.e. Presence); and, plausibility illusion that re-
fers to the illusion that the scenario being depicted is actually occurring, even when the 
person is cognitively aware of the fact that it is not.  

The former mechanism (i.e. place illusion), which is related to the feeling of physical 
transportation, has been linked by previous works to the capability of a technical system 
“to deliver an inclusive, extensive, surrounding and vivid illusion of reality to the senses 
of a human participant”. That is, to the level of immersion (M Slater & Wilbur, 1997; 
Mel Slater, 2003). Thus, an immersive system can be characterized across its four major 
dimensions as: inclusive, the extent to which it is able to isolate the physical reality; ex-
tensive, the range of sensory modalities addressed; surrounding, the extent to which the 
user is physically surrounded by the displayed environment; and, vivid, the resolution, 
fidelity and variety of the sensorial stimuli delivered through each sensory modality. 
Each of these dimensions can be present at different levels and scales (M Slater & 
Wilbur, 1997; Steuer, 1992). 

Similarly, plausibility judgment is related to the capability of the system as a whole to 
produce events that are meaningful and credible as concerns to the individual’s expecta-
tions (Mel Slater, 2009). In other words, it is conditioned by the coherence between the 
response of the system to the actions of the user and his/her related expectations in the 
light of previous knowledge and experience with similar environments. In this section 
we present and discuss, on a non-exhaustive basis, relevant findings illustrating the 
complexity and variety of approaches analyzing the influence of system factors on the 
user experience with immersive and interactive media. Table 1 summarizes in a sche-
matic way the factors examined as follows. 
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The influence of media form and content factors such as image motion, stereoscopy and 
screen size has been studied in (Ijsselsteijn, de Ridder, Freeman, Avons, & Bouwhuis, 
2001). Image motion and stereoscopy showed (in that order) a great influence on pres-
ence. A large effect of screen size on presence (presumably via immersion) was also ob-
served, but only for the video stimulus that contained motion. High motion content has 
also shown an impact on the relative quality of video and audio perceived by the user, 
being the video quality weighted significantly higher than the audio quality when high 
motion content is presented (D S Hands, 2004). The influence on presence of other 
screen variables as the frame rate has been shown in works as (Barfield & Hendrix, 
1995; Meehan, 2001). 

Interaction has been found to have also a significant impact on the user experience with 
mediated environments (Welch et al., 1996), especially in those cases entailing natural 
physical movements –e.g. head movement (Hendrix & Barfield, 1995) or walking in 
place (Mel Slater et al., 1995)– and  leading to a coherent system response (as regards to 
the individual’s expectations). In (M Slater, Khanna, Mortensen, & Yu, 2009; Welch et 
al., 1996), the influence of pictorial realism, observer interactivity and delay of visual 
feedback is analyzed. Realism and interactivity were found to have a positive impact on 
presence, whereas delay of visual feedback had an opposite effect. Participants reported 
a relative low influence of pictorial realism on presence in comparison to the other two 
components considered.  

A relationship between motion-based interaction and the perceived field of view is re-
ported in (Hwang & Kim, 2010). The perceived FOV for a small hand held device was 
found around 50% greater than the actual value when motion-based interaction was 
used. Coherently, the sense of presence under this condition was higher than or compa-
rable to those in VR platforms with larger displays. The effects of head tracking, visual 
cues (including stereoscopic and motion parallax cues) and geometric field of view are 
also explored in (J. Freeman, Avons, Pearson, & IJsselsteijn, 1999; Hendrix & Barfield, 
1995; Lee & Kim, 2008; Lin, Duh, Parker, Abi-Rached, & Furness, 2002). The reported 
level of presence was positively influenced by the use of tracking, stereoscopic and spa-
tial and object cues (Hendrix & Barfield, 1995; Lee & Kim, 2008). Presence was also 
found to be correlated with the geometric field of view, showing an asymptotic behavior 
for field-of-view values beyond 140 degrees (Hendrix & Barfield, 1995; Lin et al., 
2002).  

The relative influence of narrative, interaction and immersion is qualitatively explored 
in (Bleumers, Lievens, & Pierson, 2011) using omnidirectional video. Participants de-
scribed transitions between the real and the displayed environment as disturbing and 
therefore, requiring a recalibration of the senses. Under this engaging experience, users 
found difficulties in following a story line (in particular at the beginning). The hand-
based interaction put in place was qualified as highly intuitive and participants felt as if 
they were discovering and exploring the (mediated) environment. An interesting out-
come of this study is the observed influence of immersion and interaction on the percep-
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tion of narrative and vice versa. As highlighted by the authors, these components need 
to be carefully balanced to deliver a suitable framework for Presence.  

As regards to the influence of auditory features, the audio quality (i.e. in terms of fideli-
ty and resolution), a realistic aural rendering of events and the presence of auditory cues 
are considered to have a significant impact on the sense of Presence and on the per-
ceived quality of the media experience (Hendrix & Barfield, 1995; Paul Skalski & 
Whitbred, 2010; Västfjäll, 2003). The influence of realistic aural rendering, measured in 
terms of the number of audio channels (mono, stereo, and six-channel reproduction), on 
presence, emotional response and emotion recognition is analyzed in (Västfjäll, 2003). 
Stereo and six-channel reproduction had a significantly stronger impact in emotional re-
sponse than the mono condition. Similarly, six-channel reproduction resulted in the 
highest ratings of presence and emotional realism. In coherence, an enhanced sense of 
Presence is reported in (Hendrix & Barfield, 1995), in response to the addition of spati-
alized audio. In (Paul Skalski & Whitbred, 2010), the relative influence of image quality 
(high definition vs. standard definition) and sound quality (Dolby 5.1 surround sound 
vs. Dolby stereo) on presence and enjoyment is studied. No significant effects of image 
quality were found. In contrast, the impact of sound quality on Presence and enjoyment 
was shown to be significant.  

Furthermore, a significant cross-modal influence of audio on visual quality and vice 
versa has been reported in (Beerends & De Caluwe, 1999; D S Hands, 2004). Beerends 
and Caluwe (Beerends & De Caluwe, 1999) found a bidirectional interaction between 
video and audio, being the influence of video quality on the perceived audio quality sig-
nificantly (about six times) higher than the inverse effect. In coherence, the overall per-
ceived audiovisual quality was found to be dominated by the video quality in noncon-
versational experiments. Hands (D S Hands, 2004) studied the relative influence of 
video and audio on the perceived quality of the overall audiovisual content. He conduct-
ed two experiments using musical audio-video and high-motion content. The analysis 
revealed that the overall quality of the audiovisual content results from the integration 
of audio and video qualities using a multiplicative rule. For the musical audio-video 
content the contribution of both modalities was significant, being the impact of audio 
quality slightly higher than the impact of video quality. For high motion content, how-
ever, video quality was weighted significantly higher than audio quality. Similarly, the 
authors in (Tavakoli, Brunnstr, Gutiérrez, & García, 2015) found that the presence of 
audio had a significant influence on the reported quality of sports, music, and movie se-
quences that included scenes with dancing people. These findings are in coherence with 
the modality appropriateness hypothesis formulated by Welch and Warren (Welch & 
Warren, 1980) and reinforce their arguments as regards to the task-dependent im-
portance of the different sensory inputs. As suggested by the authors, the relative im-
portance of each sensory channel in the context of a given task seems to be heavily con-
ditioned by features as the amount and fidelity of the information gathered through it in 
the context of the task.  
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An opposite outcome is reported by Knoche et al (Knoche, McCarthy, & Sasse, 2005). 
The authors conducted an experiment aimed at analyzing the image resolution and bi-
trate requirements for displaying multimedia content on mobile devices. The interaction 
between the perceived image and audio qualities was examined by considering four dif-
ferent image resolutions, seven video encoding bitrates, two audio bitrates and four con-
tent types. The authors found that the acceptability of the video was rated significantly 
higher at the lower audio bitrate. Surprisingly, this effect held constant across the full 
range of bitrates, image resolutions and content types. 

Less traditional stimuli such as wind, vibration and light effects have also shown a sig-
nificant impact on the user experience (both in terms of enjoyment and QoE), in particu-
lar with genres such as action movies, sports, news, documentary and to a lesser extent, 
commercials (de Ruyter & Aarts, 2004; M Waltl, Timmerer, & Hellwagner, 2010; M. 
Waltl et al., 2010). In (de Ruyter & Aarts, 2004), meaningful lighting effects comple-
menting selected pieces of film and music were presented to a group of users. Partici-
pants believed that “lighting effects made watching movies or listening to music a very 
enjoyable and a more immersive experience”. In (M Waltl et al., 2010), Waltl et. al. ex-
plore the impact of wind, vibration and light effects on video at four different bitrates 
using a trailer of an action movie (high-motion content) and a nature documentary. On 
average, the 24 participants in the experiment valuated higher the video quality of the 
test sequences when sensory effects were present in comparison to the same sequence 
without sensory effects. Additionally, sensory effects were found to be more appreciat-
ed for documentaries than for action movies, being the difference between the Mean 
Opinion Score computed for the test sequences with and without sensory effects of 0.6 
and 0.4 points respectively. In (Rainer et al., 2012; M. Waltl et al., 2010), the same au-
thors found a positive impact of these effects on the Quality of Experience and on the 
intensity of emotions like happiness, fun or fear. 

Likewise, the sense of smell has the potential to evoke vivid memories and emotional 
reactions, it is mostly associated to personal relations and experiences, and the related 
preferences are highly variable across individuals (Herz & Engen, 1996; Obrist et al., 
2014; Willander & Larsson, 2006; Wrzesniewski et al., 1999). Interestingly, smell tech-
nologies also raise health and privacy concerns as regards to the use of chemicals and to 
the possibility of misuse, respectively (Obrist et al., 2014). Olfactory effects have been 
found to have a positive influence on the perceived quality, relevance and reality and on 
the reported enjoyment of a multimedia experience. Ghinea and Ademoye (Ghinea & 
Ademoye, 2012) propose the use of olfactory data as a mean to enhance the meaning 
and provide clarity of user presented information and increase the sense of reality and 
enjoyment in multimedia applications. To explore users’ perception of olfaction-
enhanced multimedia, the authors conducted an experiment using six video sequences; 
two cookery shows, three documentaries and one piece of news broadcast. Each test se-
quence was enhanced with a meaningful smell (different smells were used for each test 
sequence). Participants were asked to rate the impact of olfaction on the media experi-
ence in terms of issues as the perceived levels of relevance and reality, how distracting 
or annoying they find it and, the level of enjoyment experienced. Users reported that the 
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scents emitted were relevant and heightened the sense of reality of the video. In general, 
they did not find the added olfactory media distracting or annoying. Conversely, alt-
hough participants enjoyed slightly more the olfactory-enhanced media experience than 
the traditional one, the difference in the opinions of the two participant groups was not 
found to be significant. Furthermore, synchronization errors producing a mismatch be-
tween video+audio and olfaction outside the temporal range of -30s (olfaction ahead of 
video+audio) to +20s (video+audio ahead of olfaction) have been shown to have a nega-
tive impact on the user experience (Ademoye & Ghinea, 2009). In the case of video 
without audio, the tolerance to synchronization errors with olfaction decreases (N. 
Murray, Qiao, Lee, Karunakar, & Muntean, 2013). 

Technological breakdowns significantly reduce the possibility of mediated environ-
ments to elicit presence and emotions (Pallavicini et al., 2013). For instance, an asyn-
chronous reproduction of audio and video in the context of an audiovisual experience 
has shown a negative impact on the clarity of the message, distracting the viewer from 
the intended content (Jumisko-Pyykkö, 2011). In particular, users are more sensitive 
and report higher annoying effects in the case of audio led asynchrony (ITU-T, 1990; 
Slutsky & Recanzone, 2001). Concerning stereoscopy, the variables influencing visual 
comfort in a negative fashion can be classified as: those introducing spatial distortions 
as shifts, magnification, rotation and keystone; those leading to photometric asymme-
tries as luminance, color, contrast and crosstalk; and, those leading to stereoscopic dis-
parities as the disparity level, which shows a larger effect at short convergence distances 
(W. A. IJsselsteijn, de Ridder, & Vliegen, 2000; Kooi & Toet, 2004; Meesters & 
IJsselsteijn, 2003). Other meaningful studies show, for instance, that the level of simula-
tor sickness is positively correlated with the geometric field of view (Lin et al., 2002). 
Interestingly, presence was positively correlated with simulator sickness while enjoy-
ment showed the opposite behavior. Similarly, a relationship between the immersive 
technology used and the severity of the negative effects reported was found in (Banos et 
al., 2004). From the three immersive technologies analyzed (PC, Head Mounted Display 
(HMD) and big screen), HMD was the one producing more negative effects.  
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Table 1 Influence of system factors on the emotional response, the sense of presence and the QoE 

System factors  Influence on the perceived… (corre-
lation sign in parenthesis) 

Sensory modality(ies) 
addressed 

Main dimension(s) involved 

image motion (D S Hands, 2004; Ijsselsteijn et al., 2001) Presence (+), relative quality of video 
and audio (trade-off) 

Sight Vividness 

Interaction between image motion and screen size (Ijsselsteijn 
et al., 2001) 

Presence (+) Sight Vividness 

stereoscopy and stereoscopic and motion parallax cues (J. 
Freeman et al., 1999; Hendrix & Barfield, 1995; Ijsselsteijn et 
al., 2001) 

Presence (+) Sight Vividness 

visual cues (spatial and object cues) (Lee & Kim, 2008) Presence (+) Sight Vividness 

screen size, geometric field of view, omnidirectional video 
(Bleumers et al., 2011; Hendrix & Barfield, 1995; Hwang & 
Kim, 2010; Ijsselsteijn et al., 2001; Lin et al., 2002) 

Presence (+), simulator sickness (+), 
enjoyment (-) 

Sight Inclusiveness, surrounding 

Interaction between motion-based interaction and perceived 
field of view (Hwang & Kim, 2010) 

Presence (+) Sight, proprioception Extensiveness, inclusiveness 

Interaction between natural (hand-based) interaction and narra-
tive (Bleumers et al., 2011) 

Presence (trade-off) Sight, proprioception Extensiveness 

pictorial realism (M Slater et al., 2009; Welch et al., 1996) Presence (+) Sight Vividness 

delay of visual feedback (M Slater & Wilbur, 1997; Welch et 
al., 1996) 

Presence (-) Sight Vividness 

presence or absence of interactivity (Welch et al., 1996) Presence (+) Sight, touch Extensiveness 

frame rate (Barfield & Hendrix, 1995; Meehan, 2001) Presence (+) Sight Vividness 

passive haptic feedback (Meehan, 2001) Presence (+) Sight, touch Extensiveness 

presence or absence of spatialized sound, addition of spatialized 
versus non-spatialized sound to a stereoscopic display (Hendrix 
& Barfield, 1995; Luque et al., 2014; Västfjäll, 2003) 

Presence (+), QoE (+), emotional re-
sponse (+), emotion recognition (+) and 
emotional realism (+) 

Hearing Vividness 
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image quality (Beerends & De Caluwe, 1999) Audio quality (+), audiovisual quality 
(+) 

Sight Vividness 

audio quality (Beerends & De Caluwe, 1999; Paul Skalski & 
Whitbred, 2010) 

Presence (+), enjoyment (+), visual 
quality (+) 

Hearing Vividness 

natural physical interactions: head tracking (Hendrix & 
Barfield, 1995), walk in place (Mel Slater et al., 1995), hand 
(Bleumers et al., 2011) and head+hands (Alface et al., 2012) 
movements 

Presence (+); with omnidirectional vid-
eo: sense of being restricted(+), sense 
of getting lost(+) and stress(+) 

Sight, touch, proprio-
ception, equilibriocep-
tion 

Extensiveness 

sensory effects (wind, vibration and light effects) (de Ruyter & 
Aarts, 2004; M. Waltl et al., 2010) (Rainer et al., 2012; M. 
Waltl et al., 2010) 

QoE (+), enjoyment (+), hapiness(+), 
fun(+), fear(+) 

Sight, touch, thermo-
ception  

Extensiveness, surrounding, 
inclusiveness 

olfactory effects (Ademoye & Ghinea, 2009; Ghinea & 
Ademoye, 2012; N. Murray et al., 2013) 

QoE (+), relevance (+), reality (+) and 
enjoyment (+) 

Olfacception Extensiveness, surrounding, 
inclusiveness 

synchronization errors (outside the tolerance range) between 
video+audio or video without audio and olfaction (Ademoye & 
Ghinea, 2009; N. Murray et al., 2013) 

QoE (-), relevance (-), reality (-) and 
enjoyment (-) 

Sight, hearing, olfac-
ception 

Vividness 

audio-video asynchrony (in particular, audio-led asynchrony) 
(ITU-T, 1990; Jumisko-Pyykkö, 2011; Slutsky & Recanzone, 
2001) 

Clarity of the message (-), distraction 
(+) 

Sight, hearing Vividness 

stereoscopic disparities: large disparity at short convergence 
distances (W. A. IJsselsteijn et al., 2000; Meesters & 
IJsselsteijn, 2003) 

Presence (-), enjoyment (-), QoE (-) Sight Vividness 

(in stereoscopy) spatial distortions: shifts, magnification, rota-
tion, keystone (Kooi & Toet, 2004; Meesters & IJsselsteijn, 
2003) 

Presence (-), enjoyment (-), QoE (-) Sight Vividness 

(in stereoscopy) photometric asymmetries: luminance, color, 
contrast, crosstalk (Kooi & Toet, 2004; Meesters & IJsselsteijn, 
2003) 

Presence (-), enjoyment (-), QoE (-) Sight Vividness 

Immersive technology (PC, big screen, HMD) (Banos et al., 
2004) 

Simulation sickness (+) Sight Inclusiveness, surrounding 
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2.4 Immersive and interactive media: current issues and future challenges 

2.4.1 Multi-sensorial media 

Several works have shown that it is technically feasible to implement and deploy an 
end-to-end solution integrating sensory effects into a legacy system (see for instance 
(Kim et al., 2013; Markus Waltl et al., 2013; Yoon, 2013)). In this sense, the develop-
ment and official release of the MPEG-V standard (and in particular, of its Part 3 – Sen-
sory Information (ISO/IEC, 2013)) represents an important step towards the leap of 
multi-sensorial media from experimentation to the digital services arena. The standard 
establishes the architecture and associated information representations for the interac-
tion and interoperability between virtual worlds (i.e., multimedia content) and real 
worlds through various sensors and actuators. The Part 3 defines a set of sensory effects 
(e.g., light, temperature, wind, vibration, touch) and associated semantics to deliver 
multi-sensorial content in association with multimedia.  

An early initiative introducing meaningful lighting effects as a mean to complement the 
main audiovisual content is illustrated in (de Ruyter & Aarts, 2004). Using their Home-
Lab research facility, the authors installed the Philips Living Light system. The system 
comprised four LightSpeakers (left-right front-back), a CenterLight and a SubLight (sit-
uated underneath the couch). Ad-hoc light scripts were developed, with the support of 
light designers, theatre lighting experts, filmmakers and musicians, for selected pieces 
of film and music. In the qualitative interview conducted participants expressed that 
lighting effects made watching movies or listening to music a very enjoyable and more 
immersive experience. The concept was also found appealing for creating personalized 
ambiances at home in the context of other social or personal activities. 

The authors in (Timmerer, Waltl, Rainer, & Hellwagner, 2012) present sensory effects 
as a new dimension contributing to the QoE. The sensory effects are defined by the 
Sensory Effect Metadata (SEM) which should accompany or be retrieved together with 
the media content. The media processing engine is responsible for playing the audiovis-
ual content and the corresponding sensory effects in a synchronized manner, consider-
ing the capabilities of the rendering devices. In one of their experiments, the authors an-
alyse the influence of wind, vibration, and light effects in the user experience across 
different genres (M. Waltl et al., 2010). They found that the QoE was positively influ-
enced by the introduction of sensory effects in the case of documentary, sports and ac-
tion genres. A less noticeable but still positive influence was found for commercials. As 
future research, Timmerer et al. (Timmerer et al., 2012) outline the need to establish a 
quality/utility model for sensory experiences and to develop (semi-)automatic annota-
tion techniques for the generation and integration of sensory effects into media assets.  

A recent Special Issue on MPEG-V, released on February 2013, gathers several contri-
butions proposing end-to-end frameworks that implement the standard for the creation 
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and delivery of sensory effects synchronized with audiovisual content. Three relevant 
examples are those provided in (Kim et al., 2013; Markus Waltl et al., 2013; Yoon, 
2013). In (Markus Waltl et al., 2013) an authoring tool called SEVino is used for the 
generation of the SEM descriptions corresponding to the different sensory effects intro-
duced. The annotated content can be delivered over various distribution channels and 
visualized in any MPEG-V-compliant device. The SEM descriptions enable sensory ef-
fects to be rendered on off-the-shelf hardware synchronized with the main audiovisual 
content, either in a stand-alone application or in a web browser. Concerning the user ex-
perience, the authors confirmed the hypotheses that sensory effects have a positive im-
pact on the QoE and on the intensity of emotions like happiness or fun.  

The framework presented in (Yoon, 2013) delivers sensory effects for home theaters 
based on MPEG-V standard via the broadcast network. The paper discusses thoroughly 
the technical choices provided by the MPEG-V standard (and those adopted in the tar-
geted implementation) for the description, encoding, synchronization, transport, adapta-
tion and rendering of sensory effects. The work in (Kim et al., 2013) also exploits the 
broadcasting network capabilities to deliver a haptic-enabled system based on the 
MPEG-V standard. The paper illustrates the data flow within the system, which com-
prises four main stages: the creation of haptic contents using the MPEG-V standard; 
their encoding/decoding using BIFS encoders/decoders, their transmission through the 
MPEG-4 framework, and the rendering of the haptic effects using the MPEG-V stand-
ard in the rendering stage. 

Important challenges remain to deliver a cost-effective implementation of multi-
sensorial media solutions. A major issue identified by several authors is the need to es-
tablish a quality/utility model for sensory experiences. At the content creation stage, the 
development of effective (semi)automatic video annotation tools is a common challenge 
to the majority of multi-sensorial media implementations reviewed. Semantic video 
analysis seems a suitable strategy to identify those relevant events that should trigger 
sensory effects and/or interactive actions. A significant challenge is posed also by the 
use of computer vision algorithms to recognize specific scene features, objects, ele-
ments or characters as a way to boost the visualization of additional content (i.e. sensory 
effects) associated to the recognized element/character. However, the cost-intensity of 
these algorithms needs to be decreased to enhance their deployment feasibility.  

Other issues that should be subject to further analysis and/or improvement are: the iden-
tification of more efficient encoding/decoding methods (in particular for large SEM), 
the configuration of suitable transport mechanisms and the effective management of the 
various types of delays introduced along the transmission chain. At the receiver side, 
automatic techniques are required for enabling the discovery, feature detection and re-
mote configuration of sensory devices. Likewise, effective automatic mechanisms shall 
be developed to adapt sensory effects to the capabilities of the specific rendering devic-
es available at the user’s premises (e.g. specific protocol, resolution or time constraints).  

Multi-sensorial media seems to have the potential to bring actual immersive experiences 
to the mass market in a non-disruptive manner. The high consumption of action movies, 
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sports and documentaries in this context might favor the adoption of these solutions. 
However, further efforts are required to improve our understanding on how sensory ef-
fects can be used to stimulate a particular experience in a specific segment and to trans-
late this knowledge into meaningful (user-centered) designs. Several sources of inspira-
tion can be found in literature to this respect (e.g. (Obrist et al., 2014)). 

2.4.2 Interactive media 

Interactive media, and in particular interactive television, has been defined in 
(Gawlinski, 2003) as “a dialogue that takes the viewer beyond the passive experience of 
watching and lets them make choices and take actions”. From a technological perspec-
tive, England and Finney (England & Finney, n.d.) conceptualize the term as “the inte-
gration of digital media including combinations of electronic text, graphics, moving im-
ages, and sound, into a structured digital computerised environment that allows people 
to interact with the data for appropriate purposes”. In general these approaches, as well 
as many others available in literature, have in common the desire to enable a proactive, 
action-driven involvement of the viewer in the experience and the integration of new in-
formation technologies with legacy multimedia broadcast solutions. 
Three general categories of interactive television are defined in (Gawlinski, 2003) from 
the numerous classifications proposed by academic, industrial and consumer research 
organizations. These are: 

- Distribution interactivity: the purpose of this type of interaction is to control the 
delivery of a piece of content, but not the content itself (e.g. on-demand con-
tent); 

- Information interactivity: this type of interaction refers to the capability of the 
system to serve different types of content/information, such as videogames, e-
Commerce or news; 

- Participation interactivity: it refers to interactive programmes, where users are 
able to influence the content by choosing between a limited number of available 
options (e.g. playing along with a game show or choosing a particular point of 
view during a sporting event)  

Many initiatives along the history of television broadcasting have aimed at delivering 
interactive viewing experiences encompassing one or several of these categories. The 
first broadly deployed interactive system was Teletext, specified in Europe in the 1970s 
[Heightman 1975]. Teletext was an intrinsically digital system that took advantage of 
the analog signal characteristics to supply additional information for the viewers in the 
form of an electronic newspaper. However, Teletext suffered two severe limitations: the 
reduced bitrate due to its insertion in the vertical blanking interval of the analog signal, 
and the lack of a return channel. This kind of interactivity is called local because the us-
er can only choose among the pieces of content that are available locally, which results 
in a very limited system. 
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The "return channel" problem has been overcome progressively with the increasing 
availability of data communications technologies at home, which include from digital 
subscriber lines (ADSL) or cable to the most recent solutions for broadband IP connec-
tions. Thus, new initiatives exploiting the flexibility of these technologies have emerged 
in the last decades, leading to a variety of distribution, information and participation in-
teractive services (see for instance (ActiveVideo, 2015; BBC, 2015; Microsoft, 2015)). 
From these, a particularly promising type of service is that focused on delivering addi-
tional information about the content being diplayed on the TV screen (e.g. sports, mov-
ies, news, documentaries). However, the integration of this additional content into the 
system (i.e. via the set-top box) is being hindered by a variety of technical and business 
obstacles. Therefore, synchronized two-screen solutions relying on Internet platforms to 
coordinate with the TV set (and thus, usually free to the user) have emerged.  

In two-screen (also known as “SynchronizedTV) services, the web application can gen-
erally be accessed using any data-enabled device as might be a smart phone or a tablet 
(i.e. second screen). However, despite the optimistic predictions that have accompanied 
them, the adoption of two-screen services is being hesitant and slow. This is due, on the 
one hand, to the limited scientific evidence about the actual demand and use of such ap-
plications across genres and market segments and, on the other, to the lack of produc-
tion and editorial skills required to design, produce and deliver harmonious two-screen 
TV experiences (Bates & Lee, 2012; SyncScreen, 2015). Furthermore, the debate on the 
potential benefits and drawbacks of the second screen on the TV viewing experience 
has been opened during almost a decade (see discussions in (Bates & Lee, 2012; Costa, 
2012)). Whether the second screen can decrease or increase the attention paid to the TV 
content and the perceived value of subscriptions for a given media genre and market 
segment is one of the many open questions.  

Several studies have explored these issues following either general or focused ap-
proaches. The market analysis conducted by Bates and Lee (Bates & Lee, 2012) reveals 
than TV viewing is not the distracted linear experience that many content providers be-
lieve. On the contrary, in the majority of the households analyzed TV viewing is fre-
quently blended with other activities as looking for information on the web (over 60%) 
or communicating with other persons either directly or through telephone or Internet 
(over 80% of respondents). In both cases, the information/conversation topic can be re-
lated (less frequent) or not (more frequent) to the content of the TV programme. The in-
teractions between live TV ratings and the related Twitter activity were explored by the 
consumer research company Nielsen in partnership with the provider of Social TV 
measurement SocialGuide (Lemarchand-Wood & Cafferty, 2013; Spangler, 2013). The 
study analyzed minute-to-minute trends for live TV ratings and tweets for 221 broadcast 
prime time programmes. It found that live TV ratings had a systematic impact on the 
volume of related tweets for 48% of the episodes, and viceversa, the number of tweets 
increased significantly the live ratings for 29% of the episodes. The correlation levels 
were found to increase over the course of a show’s season and to be different across age 
groups and media genres. In particular, competitive reality TV shows were the most in-
fluenced by the related activity on Twitter with rating changes in 44% of episodes. Oth-
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er genres as comedy (37%) and sports (28%) were also significantly influenced by the 
number of related tweets during episodes.  

The cloud solutions provider Brightcove Inc. asked its Twitter followers to share their 
thoughts on the “ideal dual screen app” using 140 characters or less. A generalized in-
terest towards music, gaming and sports applications emerged from the answers provid-
ed (Fitzgerald, 2012). In (Nandakumar & Murray, 2014), a second screen application 
aimed at supporting the viewer in keeping track of dramatic series with multiple recur-
ring characters and multi-episode story arcs is proposed. The application was tightly 
synchronized with the main audiovisual content and it was focused on characters. The 
usability test conducted revealed that the use of the companion application enhanced 
comprehension for first-time viewers of a late season episode, and was especially effec-
tive in supporting understanding of character’s relationships.  

However, the media genre is not the only variable influencing the multiplatform TV ex-
perience. Gender differences on the use of the second screen have been also reported in 
literature. The case study described in (Cooper & Tang, 2013) examined audience’s 
multiplatform experience with the 2012 Super Bowl. The study found that both male 
and female used ocassionally a mobile device to access information and/or communi-
cate with others (in relation with the game or not). However, they were found to use 
both the traditional and new media for different reasons. Women were found to have a 
stronger overall interest than men in nonfootball content and were more active in post-
ing via social media. On the contrary, men were found to have relatively higher levels 
of interest in the game, which correlated with their broader football fanship and higher 
engagement with sports. Against these results, the authors hypothesize that women, 
overall, were more engaged with elements that propel the Super Bowl from a game to a 
societal event. 

In the framework of computer-generated applications interaction is approached from a 
quite different perspective. In this context, a deeper user involvement in the mediated 
experience is usually enabled through the combination of an enhanced immersion and a 
direct interaction with the depicted environment and its elements (M Slater & Wilbur, 
1997). Thus, a widely pursued objective of entertainment systems has been to combine 
the realism of video or cinema with natural interactions with scene contents to provide 
a user experience overcoming media limitations (Isgro, Trucco, Kauff, & Schreer, 
2004).  

The direct interaction with computer-generated environments has been found to have a 
significant impact on the user experience (Welch et al., 1996), especially in those cases 
entailing natural physical movements –e.g. head movement (Hendrix & Barfield, 1995) 
or walking in place (Mel Slater et al., 1995)– and  leading to a coherent system response 
(as regards to the individual’s expectations). Thus, a variety of (natural) interaction 
technologies and solutions have been applied sucessfully in computer generated envi-
ronments. Inspired by this paradigm, a fourth type of interaction with video (in addition 
to the three categories exposed at the beginning of this section) has been proposed in re-

39 



Chapter 2 State of the Art 
 
cent research works. This new form of interaction focuses on the direct manipulation of 
the video scene for different purposes. Some examples are discussed as follows. 

In (Bleumers et al., 2011), the authors explore the relative influence of narrative, inter-
action and immersion in the user experience with omnidirectional video. Participants 
found very intuitive the fact that the omnidirectional video displayed responded in co-
herence to their physical movements and considered this form of interaction a precursor 
of Presence. However, they also exposed that sometimes interaction made difficult fol-
lowing the story line. Furthermore, some of them felt restricted because they were guid-
ed to look in certain direction (e.g. by the character) at some points of the story. Among 
the concerns that emerged from the focus group is the importance of using suitable con-
tent and of an adequate production work. In this sense, participants stressed that the 
content should be designed to minimize the probability of missing important events or 
actions that might take place while the user interacts with other parts/elements of the 
content.  

The European Project FascinatE: Format-Agnostic SCript-based INterAcTive Experi-
ence (FascinatE, 2010) proposed a paradigm shift in video production to enable person-
alized viewing experiences. It allows end-users to interactively view and navigate 
around an ultra-high resolution video panorama, with the accompanying audio automat-
ically changing to match the selected view. That is, users could select (m)any view(s) 
and level of detail of an event at will. A head+hands tracking module was set up to ena-
ble a natural interaction with the system. In the usability assessment conducted by the 
partners a number of issues emerged (Alface et al., 2012). Although users appreciate 
having the panorama picture and exploring it, they often got lost on it. Thus, an easy ac-
cess to the panorama overview was required. Users were found to be highly sensitive to 
delays in feedback, in particular concerning panning and zooming functionalities. A 
great influence of previous viewing and interaction practices on the type of interactions 
labeled as “natural” by the viewers was also revealed. Furthermore, some participants 
reported to feel stressed because of ‘too much given control’. 

The MUSCADE Project (Berenger, Verelst, & Isoard, 2010; MUSCADE, 2010) was 
another research effort aimed at delivering interactive television experiences. It focused 
on the definition, development, validation and evaluation of technological innovations 
to deliver a complete multiview 3DTV live chain. To that end, the partners selected a 
Multiview Video plus Depth format with four views. A four-camera rig is used to cap-
ture four HD views. After pre-processing, the corrected HD views are used as input for 
the extraction of per-pixel depth information. No data about the impact of interaction 
(i.e. viewpoint change in response to body/head movements) on the media experience in 
the context of the MUSCADE project could be found online. 

Although surveys with real users reveal that interactivity is highly appreciated by the 
viewers, very few applications have shown clear added value for them (Bleumers et al., 
2011; INSPIRA, 2006). Furthermore, little is known about the actual demand and use of 
interactive media applications, about their differentiated potential across genres and 
groups of users or about the new opportunities and threats that these services could en-
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tail. Enhanced production and editorial skills are also required to design, produce and 
deliver harmonious interactive TV experiences contributing to the user engagement with 
and follow-up of the main audiovisual content.  
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3. THE IMMERSIVETV SYSTEM 

3.1 Conceptual design  

The immersive and interactive scenario defined by the ImmersiveTV project aimed to 
complement the main audiovisual content of a sports 3DTV multimedia asset (in our 
case study, a football match) with a set of multi-sensory stimuli and multi-modal com-
ponents. Fig. 1 illustrates the concept and principal elements of our approach. Consider-
ing their nature, the components integrated in our scenario are classified under one of 
two dimensions: immersion or interaction.  

 
Fig. 1 Conceptual framework and main components of the ImmersiveTV scenario 

Under the immersion dimension, we group those additional elements identified in pre-
vious works as contributing to deliver a more inclusive, extensive, surrounding and viv-
id illusion of reality in relation to the displayed environment. In our approach, these 
components are those that further stimulate the aural, olfactory, and visual senses with 
meaningful effects that are rendered in synchronization with the main audiovisual con-
tent, namely:  

(i) a binaural audio system simulating the spatial distribution of the audio sources in 
the displayed environment (auditory stimuli),  
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(ii) a set of sensory effects rendered –in synchronization with the main audiovisual 

content– on specific devices, comprising an electronic scent vaporizer (olfac-
tory stimuli), lighting, and shutter controllers (peripheral vision stimuli).  

The interaction dimension comprises those components promoting a proactive, action-
driven involvement of the user in the experience. Thus, their components are aimed at 
enhancing user control over the experience through interaction. The components under 
the interaction dimension are:  

(i) interactive 3D objects related to the main audiovisual content, which are ren-
dered in synchronization with and integrated into the 3D scene displayed 
through the main screen,  

(ii) additional information such as statistics and additional views presented on-
demand using a portable tactile device (i.e., secondary screen).  

Considering all these components, the experience from the user perspective was aimed 
to be as follows. As soon as the football match starts, the room is automatically config-
ured to enhance the viewing condition: the fluorescent lights are turned off and the shut-
ter blinds are closed. The ambient lighting is turned on and its color is regulated to cre-
ate a calm and relaxing atmosphere. Binaural audio is delivered so as the user can 
perceive the spatial distribution of audio sources as if he/she were physically present in 
the field. Cut grass scent is vaporized at strategic moments of the game to reinforce the 
feeling of “being there”. During the match, the user can access replays and updated sta-
tistics regarding the game and the players at any time using a tablet device. He/she can 
also interact, using a standard joystick, with meaningful 3D objects that are integrated 
into the 3D video scene during game and advert breaks.  

3.2 System Architecture 

The ImmersiveTV consortium developed an end-to-end solution enabling the seamless 
integration of the aforementioned stimuli and interaction components into a hybrid (in-
ternet-broadcast)-based television system. This effort was aimed to evaluate, from a 
practical perspective, the technical feasibility of this concept with regard to the 3DTV 
standards currently available. The implemented solution is described in detail in (Luque 
et al., 2014) and its main features are presented as follows. 

To guarantee compatibility with current broadcast frameworks, our design focused on 
the adaptation of the conventional transmission chain to support the additional interac-
tive services and sensory effects defined for the ImmersiveTV scenario (see previous 
section). In particular, our implementation fulfills the DVB standards for television 
broadcasting: the 3D video satisfies the DVB-3DTV specification (ETSI, 2012a) and a 
professional DVB-T modulator has been used to emulate a real DTV transmission. The 
coding and multiplexing of additional data are also based on standard technology: the 
DVB norm for hybrid broadcasting (i.e. HbbTV (ETSI, 2012b)) and MPEG-2 private 

44 



Chapter 3 The ImmersiveTV System 

 
data packets (ETSI, 2009). Furthermore, even though the specification phase of our pro-
ject was completed before the official release of MPEG-V part 3 (ISO/IEC, 2013), our 
solution shares several key aspects with the standard. The most important of these are 
the inclusion of sensory effect metadata in the media stream and the use of a Media Pro-
cessing Engine (called in the project "Receiver Gateway") to manage and deliver the 
different kinds of data. For this reason, our proposal can be easily migrated to fulfill the 
MPEG-V standard. This migration would require to create the Sensory Effect Metadata 
according to the Sensory Effect Description Language (SEDL) and the Sensory Effect 
Vocabulary (SEV) specified by the standard, considering the specific devices used in 
our test bed (KNX actuators). Likewise, the receiver gateway would require some minor 
changes to generate the suitable commands for the actuators.  

Fig. 2 presents the high level architecture of our solution emphasizing the design op-
tions adopted at each stage of the transmission chain.  

Throughout the architecture, and depending on the type of content to be delivered, the 
data are transmitted using either the traditional unidirectional broadband framework or 
the bidirectional broadcast network. For each case, the flow of transmission is depicted 
using blue and red arrows, respectively. Our architecture solution exploits the broadcast 
framework to deliver the main audiovisual content and the signalling corresponding to 
the additional sensory effects and interactive elements that have to be presented in syn-
chronization with it. The broadband network is used to transmit the on-demand content 
intended for the second screen and the interactive 3D objects (i.e. geometry and associ-
ated scripts) to be inserted into the video scene. At the user premises, all the content is 
delivered using the private IP network that connects the visualization terminals and sen-
sorial devices. The depicted transmission flow is used as a reference to further describe 
our implementation throughout the following sub-sections.  
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Fig. 2. Architecture of the ImmersiveTV end-to-end immersive and interactive system 
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3.3 System Implementation 

3.3.1 Content creation and adaptation 

In our test bed, the principal audiovisual content consists of a digital 720p stereoscopic 
video sequence of a premium football match between the Spanish teams F.C. Barcelona 
and Real Madrid C.F. In order to provide a high quality video source, the sporting event 
was recorded in DNxHD format at 100 Mbps. At the recording stage, a specific setup of 
Panasonic LDK 800 cameras with Canon optics was deployed covering the most im-
portant areas of the game field, as shown in Fig. 3. The cameras were mounted on stere-
oscopic rigs to produce a full resolution signal for each eye in a side-by-side format. 
Therefore, the effective captured resolution is 2560 × 720 pixels, where half of the 
width is reserved for each separate view. 

 
Fig. 3 Spatial distribution of the camera rigs used to record the audiovisual content 

An editing decision list was defined to select the most suitable sequences of the final cut 
(see Table 2). In this process, the content length has been reduced to approximately half 
an hour. After the edition, the audiovisual content is converted to a frame compatible 
side-by-side format . Taking into consideration the original video resolution obtained in 
the previous stage, it was necessary to perform a subsampling step before encoding the 
video stream, having as a result a full-resolution interlaced signal (1920 × 1080 pixels) 
at 25 fps formed by two half-resolution views.  

To complement the video content with an enhanced auditory stimulus we used a 3D 
binaural audio signal that simulates the acoustic environment of the football stadium us-
ing virtual audio sources. The audio signal was generated from the original audio rec-
orded in the field using the algorithms described in (Ramos & Cobos, 2013).  

The sensory effects script commands were coded according to the format defined by the 
KNX protocol standard (ISO/IEC, 2007) implemented by the actuator devices used. In 
this sense, each effect was converted into an appropiate KNX frame that can be inter-
preted and excuted by the corresponding device at the reception stage. To facilitate their 

Stereoscopic cameras 
 1- Master 
 2- Medium-shot (left) 
 3- Medium-shot (right) 
 4- Left goal 
 5- Right goal 
 6- Sideline Over/Under 
 7- Beauty shot 
 8- Steady pool 
 9- Offside left 
 10- Offside Right 
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transmission via broadcast, these commands were translated into a list of sensorial 
scenes that were designed to complement relevant game events with a meaningful com-
bination of sensorial stimuli. 

Table 2 Editing decision list of the ImmersiveTV testbed 

Duration Start time End time Description 

00:00:13:13 00:00:00:00 00:00:13:13 Teams logo (FCB-RMA) 
00:02:42:00 00:00:13:13 00:02:55:13 Field occupation with beauty camera (Fast Forward) 
00:03:39:21 00:02:55:13 00:06:35:09 Teams lineup and Steady Camera 
00:05:10:00 00:06:35:09 00:11:45:09 Match start 
00:03:46:00 00:11:45:09 00:15:31:09 Goal (Khedira RM) 
00:00:13:13 00:15:31:09 00:15:44:24 Teams logo (FCB-RMA) 
00:02:20:00 00:15:44:24 00:18:04:24 First part ending 
00:02:10:13 00:18:04:24 00:20:15:12 Time-lapse during rest-time 
00:03:22:00 00:20:15:12 00:23:37:12 Second Part Start 
00:00:13:13 00:23:37:12 00:23:51:00 Teams logo (FCB-RMA) 
00:02:32:09 00:23:51:00 00:26:23:09 Goal (Alexis-FCB) 
00:02:00:00 00:26:23:09 00:28:23:09 Goal (Cristiano Ronaldo-RMA) 
00:00:13:13 00:28:23:09 00:28:36:24 Teams logo (FCB-RMA) 
00:01:29:10 00:28:36:24 00:30:06:09 Match ending 
00:04:35:19 00:30:06:09 00:34:42:03 Field des-occupation with beauty camera 
00:00:13:13 00:34:42:03 00:34:55:16 Teams logo (FCB-RMA) 

The geometry of 3D objects (see Fig. 4) and the scripts encoding the associated behav-
iors and interactive functionalities are packed in a propietary file to be transmitted via 
internet. On the receiver side, these actions can be triggered either by the direct local in-
teraction of the user (i.e. using a gamepad device) or remotely through script messages 
encapsulated in the broadcast stream. For the latter case, a mechanism of communica-
tion based on the XML remote procedure call specification (XML-RPC) (Winer, 1999) 
has been defined. The format has been declared in a “document type definition” file so 
that messages can be parsed and interpreted correctly. Each sent message represents an 
event that has to identify three elements: a specific object to interact with, an action to 
be performed with corresponding attached params, and the time (in number of frames) 
that the receiver should wait to accomplish the process. 

 
Fig. 4. Examples of low polygon 3D objects modeled for the football match scenario 
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Similarly, the additional content to be visualized on the second screen was produced 
and stored in an internet repository with a timestamp reference to enable a timely deliv-
ery and presentation. Table 3 summarizes the different actions performed to convert the 
content into the desired formats, as well as the delivery channel used in each case. Fur-
ther details on the content creation and adaptation can be found in (Luque et al., 2014). 

With the final video production, the list of temporal references to synchronize the addi-
tional content was specified and encapsulated in the broadcast signal. In our test bed, 
these references are defined for the interactive 3D objects to be displayed on the main 
visualization screen, for the delivery of additional content through the second screen 
and for the command scripts that trigger the rendering of sensory effects in the actuator 
devices. 

Table 3 Format conversions applied to each type of immersive and interactive content 
in the post-production phase and delivery channel used in each case 

Type of additional 
content 

Input content (Con-
tent creation) 

Output (Postproduc-
tion) 

Delivery chan-
nel 

Interactive 3D Mod-
els 

-Raw object geometry 
in a modeling format 
(e.g., 3DS) 
-Animations 
-Materials and textures 

- NMO file (graphic en-
gine format) with all the 
content packed in one 
file and the object cor-
rectly positioned and 
scaled. 

Broadband - web 
repository 
through a URL 

Commands to inter-
act with the 3D mod-
els 

-List of actions/events 
related to 3D objects 
(type, duration, etc.) 
 

- Text files in XML 
format for each ac-
tion/event. 
- Synchronization time 
references related to the 
video 

Broadcast - inte-
grated in 
transport stream 
signal 

Commands to ena-
ble/disable the actua-
tor devices 

- Actuator devices 
frame messages (e.g., 
KNX frames) 
- Table of scenes (en-
vironmental setups) 
and related actions  

- Scene configuration 
file with a correspond-
ence to a set of KNX 
frames 
-Synchronization time 
references related to the 
video 

Broadcast - inte-
grated in 
transport stream 
signal 

Additional content to 
be visualized on the 
second screen 

Information on events, 
players, match stats, 
etc. 

- HTML web page with 
additional content emb-
beded 

Broadband - web 
server content 

Replays from other 
camera angles for the 
second screen 

720p DNxHD record-
ing from different 
camera perspectives 

- AVC video clips to be 
delivered to a second 
screen via Internet  

Broadband - web 
repository 
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3.3.2 Coding and transmission 

According to the DVB-3DTV specification, and to ensure compatibility with conven-
tional HD receivers, the produced video was encoded in the AVC format at 11.3 Mbps. 
The following DVB-T parameters were selected for the transmission: bandwidth = 
8 MHz, convolutional code rate = 1/2, modulation = 16 QAM and guard interval = 1/32. 
These parameters allow a total useful bitrate of 12.06 Mbps, which is sufficient to in-
clude the video, audio, and additional data. In our test bed, a DVB-T modulator config-
ured with this setup was used showing that the selected bitrate and parameters are ap-
propriate for an actual broadcast scenario. In fact, an adequate selection of DVB-T pa-
parameters (most efficient modulation for the Coded Orthogonal Frequency Division 
Multiplexing carriers, least redundancy code rate, and shortest guard interval) would al-
low a transmission bitrate of 31.6 Mbps, considerably higher than the result value ob-
tained for the previous setup. 

A signaling table is included in the transmitted mux to inform the visualization termi-
nals on the receiver side about the URL from which to download additional content. 
This is also the mechanism used in the Connected TV based on the HbbTV standard 
(ETSI, 2012b) to provide content via the broadband network. The signaling table has 
been designed using the application information table specified by DVB for hybrid en-
vironments (ETSI, 2010b) as a model.  

On the other hand, command scripts addressing 3D objects and sensory devices are less 
demanding in terms of bitrate and therefore can be encapsulated into the broadcast 
transport stream. For this purpose, we use packetized elementary stream packets con-
taining private data, according to the MPEG-2 specification – system layer (ISO/IEC, 
2000). The overhead caused by these messages is not significant: the complete MPEG-2 
transport stream comprises around 17 million packets, of which 71 TS packets are used 
for the XML command scripts and 12 TS packets are dedicated to encode the multi-
sensorial scene messages. 

As some 3D object animations and all sensory effects must be activated in synchroniza-
tion with the main audiovisual content, timing information is also needed. This re-
quirement has been fulfilled by using presentation time stamps referred to the Program 
Clock Reference (PCR), such that an accurate synchronization is guaranteed between 
the audiovisual content and the additional effects. During the implementation tests, a 
maximum delay of around one second was measured between a specified timestamp and 
the triggering of the corresponding sensory effect in the rendering device.  

3.3.3 Reception 

The main goal of the reception stage is to process the multiplexed signal and to deliver 
the different content in the correct format to the corresponding user terminals involved 
in the presentation. In our architecture, these terminals are connected together through a 
local area network (LAN) to the receiver to support a direct communication between 
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them and to guarantee the scalability of the solution. Depending on the type of content, 
the manner in which information is delivered to the IP network varies. 

With regard to the audiovisual content, the process of re-encapsulating MPEG-TS 
frames to be retransmitted through the local IP network consists of extracting the differ-
ent DVB services from the mux signal and creating a new MPEG-TS frame that con-
tains only the extracted service. In a local IP network, as we have configured in our ar-
chitecture, the mechanism used to transmit DVB services is defined by the DVB-HN 
standard (ETSI, 2010a), based at the same time in the real time protocol (RTP) for the 
transmission (Schulzrinne, Casner, Frederick, & Jacobson, 2003). This protocol in-
cludes timestamps related to the PCR in the MPEG-TS frame that are used to estimate 
and fix the jitter introduced by the network and to synchronize the time drift between 
the transmitter and the receiver. The receiver sends the RTP packets using a multicast IP 
address, such that the audiovisual content can be played simultaneously on the different 
terminals connected to the network.  

In the case of additional content, we have followed the approach specified by HbbTV: 
an application information-signaling table is included in the broadcast stream to specify 
the URL at which content can be found via Internet. At processing time, the receiver has 
to extract this table from the stream, parse its information, and make the parameters 
available to the viewing terminals through the LAN network. To notify the availability 
of the content, a user datagram protocol message is sent using a multicast IP address; 
thus, depending of the type of content, each terminal can decide whether to process or 
not the data.  
However, there is a different approach to accessing the content to be shown on the sec-
ond screen. In this case, a socket service has been included in the receiver gateway such 
that the terminals can establish a connection to synchronize with the PCR samples that 
have been extracted during the demultiplexing process of the audiovisual content. These 
samples are used by the second screen to access the remote web server through an 
HTML browser such that the information provided by the server is synchronized with 
the content displayed on the main screen whenever the setup is launched. 

3.3.4 Presentation and interaction 

The final module in the architecture includes the modules required for the visualization 
of the multimedia content (TV signal and additional content), as well as for rendering 
the sensory effects and for interacting with the 3D objects. In our test bed, two types of 
visualization devices have been considered: the main visualization terminal and a sec-
ond screen based on a tablet device.  

The main visualization terminal is in charge of displaying the stereoscopic video stream 
and of playing the binaural sound in a synchronized manner. With this purpose, the 
MPEG-TS stream injected into the network by the receiver can be decoded directly and 
visualized by means of any video player compatible with the AVC video format. How-
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ever, merging 3D objects in the video frame introduces an additional step, which is re-
quired to extract the depth information from the stereo image, compute the correct per-
spective (and occlusions) corresponding to the position of the 3D object within the sce-
ne, and generate the new stereo pair to be displayed with the 3D object properly em-
embedded within it. 

The challenge of generating depth maps from stereoscopic video frames is a well-
known problem in computer vision. To tackle this issue, the work in (Sánchez, 2014) 
(which was supervised by this PhD candidate), conducted a comprehensive evaluation 
of algorithms for the estimation of dense depth maps from stereoscopic video sequenc-
es. As a result, we decided to rely on a semi-global block matching (SGBM) algorithm 
(Hirschmüller, 2008), which was implemented by Sánchez on GPU using the Compute 
Unified Device Architecture (CUDA) tools provided by nVidia (Kowalczuk et al., 
2012). This method allowed to perform all the processing within the time imposed by 
the source video frame rate (25fps), thus preventing unwanted performance dropdowns. 
As shown in Fig. 5, for the video content used in our testbed the SGBM algorithm pro-
grammed in CUDA achieved an overall performance of 26.5 fps. Given the stereoscopic 
video (Left&Right Eye sequences) and its synchronized depth map, we implemented 
the real-time rendering algorithm described in (Galloso et al., 2012) to merge the syn-
thetic objects into the 3D scene at the desired depth and position. The insertion algo-
rithm generates a displacement model of the video scene using the depth map and com-
putes the object occlusions considering the Z-buffer information of both the scene and 
the synthetic object to be merged.  

 
 
 
Fig. 5. Depth map results from stereoscopic images using the implemented CUDA 
SGBM algorithm with a min disparity of -12 pixels and 16 disparity levels. Results have 
been achieved using an Intel Core i7 - 3630QM processor and a NVIDIA GeForce GT 
640M GPU (2 GB RAM dedicated). Video produced by and courtesy of Eumovil S.L. 

The secondary screen terminal (Fig. 6) accesses the web content using the Internet 
communication channel. In this case, all the data are downloaded from the HTTP server 
on the producer side and are visualized using a HTML5 compatible web browser (e.g., 
Google Chrome). To retain synchronism with the main screen, the downloaded web 

FR = 26,53fps FR = 26,53fps FR = 26,56fps FR = 26,59fps 
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page includes a javascript socket script that connects to the local receiver terminal and 
periodically queries for the extracted PCR samples of the video.  

  
Fig. 6. Additional content displayed on the secondary screen using an HTML5 web 
browser 
Finally, the set of devices used to manage the multi-sensorial environment are connect-
ed through a separate data bus according to the aforementioned KNX standard. The in-
terconnection between the LAN and KNX networks is done through an IP/KNX router 
device that adapts the transmitted data to the physical layer requirements of each net-
work.The KNX network was programmed and deployed using the ETS4 authoring tool, 
provided by the KNX association for the configuration of this specific technology. Alt-
hough KNX is the control protocol used in our test bed, the architecture proposed could 
be adapted and scaled to integrate other actuators, regardless of their type, protocol 
technology, or number. The actuator devices were programmed to scan the KNX bus to 
identify specific frames (identified by their physical address) encapsulating the action to 
be executed. These frames are generated by the scene control module, which translates 
the user datagram protocol scene messages into valid KNX frames.  
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4. EXPERIMENTAL STUDY 

4.1 Objectives and hypotheses 

As introduced before, our experimental study has a twofold objective. First, we aim to: 
(i) explore the average impact of the two immersive components binaural audio (BA) 
and sensory effects (SE) and of the two interactive components 3d objects and tablet, on 
the media experience. And second, we seek to reveal possible heterogeneities (if any) of 
these effects as a function of participants’ characteristics and personality traits. Consid-
ering the similarity of our goals with those of industrial research, we inspired on previ-
ous works on experimentation in industry (see for instance (Box & Draper, 1987; Box et 
al., 2005)) to design an experimental study addressing the abovementioned objectives.  

In our experiment, we analyze the impact of binaural audio, sensory effects, interaction 
with 3d objects and interaction with tablet on the user experience by examining quality 
and Presence measures. As regards to quality judgment, we look for possible variations 
on the quality scores assigned to the overall media experience (i.e. the QoE) and to the 
media components content, image, audio, sensory effects, interaction with 3d objects 
and interaction with tablet (QoC, QoI, QoA, QoSE, QoI3D and QoITab, respectively). 
The potential impact on Presence is analyzed by looking at two of the four dimensions 
defined by the ITC-SOPI questionnaire (Lessiter et al., 2001), namely Spatial Presence 
and Engagement. We also analyze the influence on these quality and Presence measures 
of a set of variables describing the following characteristics of individuals: preferences 
and habits in relation to the content, knowledge of the involved technologies, tendency 
to get emotionally involved and tendency to get absorbed in an activity and block out 
external distractors and the big five personality traits extraversion, agreeableness, con-
scientiousness, neuroticism and openness to experience. A comprehensive list of the 
factors considered in our study and of the measuring instruments used to collect them is 
included in Appendix II. 

In line with our goals and considering previous results in the state of the art, we hypoth-
esize that:  

H1 both binaural audio and sensory effects have a significant average effect on the 
quality of experience and on the dimensions of Presence;  

H2 the impact of binaural audio/sensory effects on: 

a. the quality of experience is different for sports (football) fans and not 
fans and across groups of participants with different levels of knowledge 
of involved technologies;  

b. the level of Engagement is different for sports (football) fans and not fans 
and across groups of participants with different levels of tendency to get 
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emotionally involved, openness to experience, neuroticism and extraver-
sion; and, 

c. the level of Spatial Presence is different for sports (football) fans and not 
fans and across groups of participants with different levels of tendency to 
absorption and openness to experience. 

H3 the interaction with 3D objects and through the second screen have a significant 
average effect on the quality of experience, on the quality of content and on the 
level of engagement; 

H4 the impact of the interaction with 3D objects on: 

a. the quality of experience and on the quality of content is different for 
sports (football) fans and not fans and across groups of participants with 
different levels of knowledge of involved technologies, tendency to get 
emotionally involved and openness to experience;  

b. engagement is different for football fans and not fans and across groups 
of participants with different levels of tendency to get emotionally in-
volved; 

H5 the impact of the interaction with additional content through the second screen 
on: 

a. the quality of experience and on the quality of content is different for 
sports (football) fans and not fans and across groups of participants with 
different levels of knowledge of involved technologies, frequency of 
viewing similar content, tendency to get emotionally involved, conscien-
tiousness and openness to experience;  

b. engagement is different for football fans and not fans and across groups 
of participants with different levels of frequency of viewing similar con-
tent, tendency to get emotionally involved and conscientiousness. 

The following sub-sections describe in detail the materials and methods used in our ex-
periment. 

4.2 Experimental Setup  

The ImmersiveTV system described in Chapter 3 was deployed in a laboratory space 
recreating a standard living room. The physical configuration of the room, including the 
relative position of the furniture and equipment, are illustrated in Fig. 7 and Fig. 8 .  
The following hardware and software components were used (number of units in brack-
ets): 
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- Control station: (1) Intel Xeon W3565 3.2 GHz, 6 GB RAM, Graphic card: 

NVIDIA GeForce GTX 580 1536 MB GDDR5, Windows 7 (64 bits) + 3DVIA 
Virtools 5.0 

- Transmitter: (1)PROMAX MO-170 DVB-T; (1)DTU-225 FantASI USB-2 
ASI/SDI Input Adapter (DekTec); (1)Intel Xeon 3.2GHz, 2GB RAM, NVIDIA 
Quadro FX3000 256MB, Windows7 32 bits 

- Receiver: (1) Intel Core2 Duo CPU E7300 2.66 GHz 2 GB RAM, ASUS My 
Cinema DVB-T Card, Debian GNU/Linux 6.0. Kernel release: 2.6.32 

- Main screen: (1) Samsung SmartTV 46'' UE46F5700AW; (2) active stereoscopic 
glasses 

- Second screen: (1) iPad 2 GSM (A1396) 16GB 

- Accessories: (1) Joystick Logitech RumblePad 2; (1) Headsets Sennheiser HD 
545 

- Sensory devices: (1) Olfactive Spirit Pro perfume diffuser (fragrance cartridge: 
CUT GRASS); (1) PHILIPS LEDline2 BCS722 48xLED-LP/WW 6;  

- KNX devices: (1) KNX/IP Router REG-K; (1) KNX/DALI Gateway REG-
K/1/16(64)/64; (1) KNX Blind Actuator REG-K/4x/10 

TV screen
Sofa

dTV = 3.5m

Scent
vaporizer

dSV = 3.2m

Viewer’s
position

LEDline
unit

Window

 
Fig. 7 Physical configuration of the test environment 
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Fig. 8 Test bed setup: ambient light (left); KNX network, fog machine and scent vapor-
izer (right) 

The LEDline unit includes 16 triads of non-dimmable low power RGB LED units re-
sulting in up to 8 additive RGB colors (color depth = 3). It was placed was placed on the 
front of the sofa, attached all along the lower frame, just behind the observer's feet (see 
Fig. 8  left). The scent vaporizer was placed near the bottom-right corner of the TV 
screen at a distance of 3.2m from the observer in the horizontal plane and at a height of 
0.38m from the floor (see Fig. 8  right). Once the scent is emitted, it naturally fades until 
the end of the session when the blinds are automatically opened and the room is venti-
lated during 15 minutes (one session corresponds to one experimental condition (EC) as 
defined in section 4.4). Although the fog machine was initially part of our test bed, we 
decided to exclude it from the experiments after some preliminary tests where we found 
that the cut grass scent was heavily distorted by the smell of the smoke solution. As 
shown in Fig. 7, the viewing distance was equal to 3.5m and the viewing angle was un-
der 30º as recommended in (ITU-R, 2012). 

4.3 Content 

As described in section 3.3.1, the audiovisual content used presents a report of a premi-
um football match between the Spanish teams F.C. Barcelona (FCB) and Real Madrid 
C.F. (RMCF). A setup of Panasonic LDK 800 cameras with Canon optics was deployed 
in the field to capture and produce a stereoscopic video sequence of the game at 
1920×1080i 25 fps side-by-side format. The video signal was pre-processed using a Ste-
reoscopic Image Processor to minimize any undesirable 3D/image effect and was pro-
duced by a professional team at Eumovil S.L. following a professional sript. As a result, 
we obtained an extended report of the match similar to those used for a standard televi-
sion transmission.  

Concerning the game, it was a quite decisive match that had taken place more than six 
months before the beginning of the experiment (the championship had also ended by 
that time). Both teams generated and/or dominated rivalry moments and dramatic 
moves alternatively along the game. On the score, RMCF performed better than FCB 
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during the first part (the intermediate score was RMCF 1 – 0 FCB). During the second 
part each team scored one goal, being the final result RMCF 2 – 1 FCB. 

Numerous experimental studies have demonstrated that the time of exposure to stereo-
scopic images has a negative impact on several oculomotor functions (see for instance 
(Emoto, Nojiri, & Okano, 2004; Hasebe, Oyamada, Ukai, Toda, & Bando, 1996; 
Suzuki, Onda, Katada, Ino, & Ifukube, 2004; Ukai & Howarth, 2008)). In coherence, 
Rec. ITU-T BT.500-13 (p.8) recommends to keep the overall duration of a test session 
below 30 minutes (including explanations and preliminaries) to avoid the visual fatigue 
derived from the use of stereoscopic video. Considering the variety of quality and Pres-
ence –related variables analyzed in our experiment (see Appendix A.1) and our focus on 
the impact of the additional content introduced, minimizing visual fatigue seems critical 
to avoid a possible impact of this effect on user’s valuations of the experience and of its 
elements. For this reason, the overall duration of the stereoscopic video content used in 
our experiments was shortened to be less than 30 minutes. 

To be able to present more than one configuration (i.e. experimental condition) to each 
participant without introducing an unnatural disruption in the game events, we decided 
to split the video into two independent but consecutive sequences showing relevant 
scenes from the first and second halves of the match. These sequences are referred from 
now on as test sequence 1 (TS1, duration: 11’30’’) and test sequence 2 (TS2, duration: 
6’10’’), respectively. To avoid possible variations produced by the influence of different 
genres in the indicators under study, we used these two test sequences as unique video 
content. As they were highly correlated in time and content, the only way to display a 
coherent evolution of events was by presenting them in the right order (see paragraph 1 
in section 5 of Rec. ITU-T P.911 (ITU-T, 1998b)). Furthermore, as our focus was on the 
influence of the immersive and interactive elements integrated in our test-bed, the two 
sequences were presented with the same quality to all the assessors.  

Two elements, namely binaural audio and sensory effects, were integrated in our exper-
imental set-up to deliver a more immersive experience (i.e. immersive dimension). We 
used a 3D binaural audio signal that simulates the acoustic environment of the football 
stadium using virtual audio sources. As described in section 3, it was generated from the 
original audio recorded in the field using the algorithms described in (Ramos & Cobos, 
2013). The resulting audio is played using specialized headsets to evoke the feeling of 
being physically surrounded by the audio sources. In response to specific events regis-
tered during the football match different actuator devices are activated synchronously to 
deliver specific sensory scenes. The sensory scenes were designed to deliver a meaning-
ful combination of sensorial stimuli aimed at extending the perception of the game (in 
particular of relevant events) to senses other than sight and hearing. Thus, the frequency 
and duration of the sensory effects rendered in each case are in synchronization with 
those of the corresponding game events. For each sensory scene Table 4 summarizes the 
sensory effects delivered, the associated triggering event and the actuator devices used 
to render each sensory effect. In practice the synchronization approach implemented in 
our test bed (see section 3.3 for a detailed description) ensures a maximum delay of one 
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second between the occurrence of a triggering event (i.e. timestamp) and the rendering 
of the corresponding sensory effect in the rendering device. 

Table 4 Sensory scenes and their associated sensory effects, rendering devices and trig-
gering events 

Scene Sensory effect(s) Rendering de-
vice(s) 

Triggering game 
event  

Initial 
The room blinds are opened 
The room lights are switched ON  

Shutter control 
Fluorescent lighting 
control ballast 

Initial configuration of 
the environment  

Game 

The room blinds are/remain closed 
The room lights are/remain switched 
OFF 
[If SE are activated] Ambient light 
color and intensity are fixed to create 
a relaxing atmosphere 

Shutter control 
Fluorescent lighting 
control ballast 
LED-based ambient 
lighting system 

Start of the game, end 
of strategic moments 

Game 
Event 

The room blinds remain closed 
The room lights remain switched OFF 
[If SE are activated] Ambient light 
color and intensity are controlled to 
create different illumination atmos-
pheres 
[If SE are activated] Cut grass scent is 
vaporized 

Shutter control 
Fluorescent lighting 
control ballast 
LED-based ambient 
lighting system 
Scent vaporizer 

Strategic moments of 
the game: dramatic 
moments of game ri-
valry, shots, goals  

End 

The room blinds are opened 
The room lights are switched OFF 
[If SE are activated] Ambient light 
color and intensity are switched OFF 

Shutter control 
Fluorescent lighting 
control ballast 
Led-based ambient 
lighting system 

End of the game 

The interaction dimension encompassess two main elements: 3D objects and on-
demand content retrieved through a second screen. At specific moments of the match, 
especially those in which the gameplay is stopped (e.g. breaks, replays, etc.), interactive 
3D objects are rendered on the main visualization screen. The presented objects are 
linked to specific elements shown in the main video content such as a car advertisement 
or the boots of a player. Using a joystick device, 3D objects can be moved within the 
image or rotated so they can be seen from any perspective and angle. Interaction is pos-
sible in any direction and therefore the objects can be positioned also in front or behind 
the screen plane. Besides, specific commands are broadcasted together with the main 
audiovisual stream to trigger specific animations. Animations are triggered automatical-
ly when the object is displayed on the screen for the first time (i.e. rendered) and after 
10 seconds without user interaction. Table 5 summarizes the 3D objects redered (see al-
so Fig. 4) and their interaction functionalities and triggering events. 
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Table 5 3D objects and associated interaction functionalities and triggering events 

3D Object Interaction functionali-
ty(ies) Triggering game event  

CampNou 

Free user interaction: shift, 
rotation and scaling  
Animation: the stadium ro-
tates so it can be seen from 
different perspectives. 

Initial field occupation sce-
ne (00:00:13 – 00:02:55) 

Car (Audi) 

Free user interaction: shift, 
rotation and scaling  
Animation: the car’s doors 
open and close showing the 
interior of the vehicle 

Foreground of Audi’s bill-
board during rest-time 

Football regulation ball 

Free user interaction: shift, 
rotation and scaling  
Animation: the ball rotates 
so it can be seen from dif-
ferent perspectives. 

Kedhira’s goal (00:11:45 – 
00:15:31) 
Alexis’ goal (00:23:51 – 
00:26:23) 

King’s and Champions League 
Cups 

Free user interaction: shift, 
rotation and scaling  
Animation: the cups rotate 
so they can be seen from 
different perspectives. 

Time-lapse during rest-time 
(rest of shoots) 

Ronaldo’s football boots 

Free user interaction: shift, 
rotation and scaling  
Animation: the boots rotate 
so they can be seen from 
different perspectives. 

Cristiano Ronaldo’s goal 
(00:26:23 – 00:28:23) 

 
Finally, on-demand content is enabled in synchronization with the corresponding game 
event to be accessed using a web-based application and visualized on a secondary 
screen (see Fig. 6). In our case study, this additional content include: 

• Score board: updated score and playing time of the match 

• Log: comments ordered in time 

• Timeline: graphical representation of the most important events of the match in a 
timeline  

• Statistics: graphs and numeric information of the match and players 

• Replays: video streams from cameras different to the one used to produce the 
scene displayed on the main screen 
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4.4 Experimental design 

To explore the potential effect of BA and SE (immersive dimension) on the quality and 
Presence measures considered in our study, we defined the map of immersive condi-
tions shown in Table 6. This encompasses one baseline condition (IC3) and two treat-
ment conditions (IC1 and IC2). In the baseline condition participants were exposed to 
both sensory effects and binaural audio. In the treatment conditions IC1 and IC2, partic-
ipants were exposed to BA only (i.e. SE were not administered) and to SE only (i.e. BA 
was not administered), respectively. In coherence, the impact of BA and SE is analyzed 
by comparing the scores assigned by the participants to the quality and Presence 
measures in IC1 and IC2 with respect to the baseline group IC3. That is, we analyze the 
variation in the dependent variables across groups/experimental conditions generated by 
the exclusion of each of the immersive components object of study (i.e. BA and SE). 

Table 6 Map of immersive conditions 

Immersive Condition Immersive component(s) presented 
IC1 BA administered; SE not administered 
IC2 BA not administered; SE administered 
IC3 Both BA and SE administered 

 
Similarly, to explore the potential effect of I3D and ITab (interactive dimension) on the 
dependent measures, we defined the map of interactive conditions shown in Table 7.  

Table 7 Map of interactive conditions 
Interactive Condition Interactive component(s) presented 
IntC1 I3D administered; ITab not administered 
IntC2 I3D not administered; ITab administered 
IntC3 Both I3D and ITab administered 

The interactive conditions encompass one baseline condition (IntC3) and two treatment 
conditions (IntC1 and IntC2). In the baseline condition participants were exposed to 
both interactive elements, namely 3D objects and tablet. In the treatment conditions 
IntC1 and IntC2, participants were exposed to 3D objects only (i.e. interaction with 
Tablet was not administered) and to Tablet only (i.e. 3D objects were not administered), 
respectively. In coherence, the impact of I3D and ITab is analyzed by comparing the 
scores assigned by the participants to the quality and Presence measures in IntC1 and 
IntC2 with respect to the baseline group IntC3. That is, we analyze the variation in the 
dependent variables across groups/experimental conditions generated by the exclusion 
of each of the interactive components object of study (i.e. I3D and ITab). 

To systematize the assignment of immersive and interactive components per session we 
merged the maps of immersive and interactive conditions shown in Table 6 and Table 7 
into the full map of experimental conditions shown in Table 8. 
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Table 8 Map of experimental conditions 

IC / IntC IntC1 IntC2 IntC3 
IC1 EC1 EC2 EC3 
IC2 EC4 EC5 EC6 
IC3 EC7 EC8 EC9 

 
As shown, we adopted an “inverse” experimental design based on the exclusion of the 
immersive /interactive components under study with respect to a full-component base-
line scenario. The rationale behind this decision is to avoid the pitfalls and biases of de-
parting from a technological constrained scenario where any improvement can be per-
ceived too optimistically 

In the first part of the experiment (corresponding to TS1), each participant is assigned 
randomly (simple random assignment) to one experimental condition from the nine op-
tions available. Following, he/she is assigned to a second experimental condition for the 
second part of the experiment (corresponding to TS2). This is done by selecting ran-
domly one EC from the four that are not included in the same row or column than the 
one assigned previously (i.e. we make sure that each participant is not assigned to the 
same immersive or interactive condition more than once). Participants did not know in 
which condition they were at the moment they participate in the experiment (see the re-
cruiting e-mail and the explanation provided before the experiment in Appendix III).  

The combination of this assignment procedure and the 3X2 configuration adopted en-
sures, by design, that being exposed to a given immersive condition is statistically inde-
pendent from being exposed to a given interactive condition (and vice versa) and from 
the characteristics of the individuals or the context (see section 4.6). Furthermore, the 
kind, number and order of the impairments presented to each participant is given by the 
components enabled under the assigned experimental condition and by the triggering 
events in the corresponding test sequence. This design is expected to minimize the con-
textual effects described in Appendix 3 to Annex 1 of Rec. ITU-T BT.500-13. 

4.5 Procedure 

We used a self-developed procedure inspired by the ITU-T Recommendation P.911 
(ITU-T, 1998a), ITU-R Recommendations BT.1438 (ITU-R, 2000), BT.500 (ITU-R, 
2012), and by previous research on Presence and QoE (e.g. for state-of-the-art reviews 
see (Schuemie et al., 2001) and (Jumisko-Pyykkö, 2011), respectively).  

For recruiting participants, we e-mailed our colleagues at several research centers and 
departments at the Technical University of Madrid asking for volunteers to participate 
in the experiment. The e-mail, which is included in Appendix III, provided a general de-
scription of the goals of the experiment but did not reveal any detail on the content or 
the specific components to be valuated. A Tablet PC was raffled off among all the par-
ticipants as incentive.  
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Prior to the session, volunteers provided informed consent to participate in the study 
and were screened for determining exclusion criteria. They were checked for having 
(corrected-to) normal visual acuity and stereopsis. They were also required to score 
lower than 18 on the Beck Depression Inventory (BECK, 1961), to have a history free 
of neurological disease, head injury, learning disability and mental or psychological 
disorder, not to be using any medication for psychological or emotional problems, and 
not to be using any drug that could affect cognitive capabilities. None of them was in-
volved in the work under evaluation. 

Eligible participants were provided with the Personal characteristics questionnaire (see 
Appendix II) in advance and were asked to bring it filled when they came to the lab for 
the experiment. All participants were tested individually. All the experiments were con-
ducted under the same ambient conditions and avoiding any interruption. 

Once in the laboratory, the participant was invited to sit down comfortably on a sofa 
and the following steps were followed: 

1. We initiated the experiment with an explanation of the goals of our study and of 
the procedure to be followed. To avoid response bias, we did not reveal any de-
tail on the content or the specific components to be presented. Furthermore, we 
highlighted the exploratory character of our study (in the sense that it was aimed 
to explore the effect of the components to be presented, not to validate the im-
plemented setup) and emphasized the importance of providing faithful valua-
tions. The specific explanation given to the participants is included in Appendix 
III. The participant was invited to formulate any question he/she may have and 
the issues raised were clarified at the same “general” level than the previous ex-
planation. The user was finally invited to enjoy the experience freely. 

2. The first test sequence was launched under the first experimental configuration 
assigned to the participant. Immediately, the room is automatically configured to 
enhance the viewing conditions: the fluorescent lights are turned off and the 
shutter blinds are closed. The components object of study (i.e. BA, SE, I3D and 
ITab) are administered or not according to the specific combination of immer-
sive and interactive elements delivered by the experimental configuration as-
signed (see section 4.4). The components administered are presented in response 
to the triggering events in the test sequence (see section 4.3).  

3. Immediately after the end of the test sequence, the participant was asked to fill in 
the ITC-SOPI and quality assessment questionnaires (aclaratory notes on the 
specific issues encompassed by each component to be valuated were included in 
the quality assessment questionnaire, see Appendix II)  

4. TS2 was launched under the second experimental configuration assigned to the 
user, with similar effects as those described in step 2  

5. Finally, step 3 was repeated. 
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Before the session, the procedure was tested with five individuals and operational de-
tails were further refined to ensure a smooth course of the experiment. The data corre-
sponding to these individuals were not included in our analysis. 

4.6 Sample and data 

Forty-eight individuals (all of them fullfilling the inclusion criteria) participated in the 
study. An outlier was discarded as recommended in ITU-R BT.500 (ITU-R, 2012). The 
remaining participants comprised 34 males and 13 females aged between 18 and 54 
years (X = 29.6, SD = 8.68). They were undergraduate students (37%), postgraduate re-
searchers (50%) and post-doc researchers and university professors (13%). Considering 
that the majority of volunteers came from the (engineering) research university envi-
ronment, it is not a surprise that the sample resembles the demographic composition of 
this environment in terms of sex, age, occupation and probably also, knowledge of the 
involved technologies. 

As expected, the combination of the random assignment procedure and the 3X2 config-
uration described in section 4.4 led to uncorrelated immersion and interaction compo-
nents (see Apendix IV.I). Thus, it is possible to conduct differentiated analyses across 
the immersion and interaction dimensions without incurring in omitted-variable bias*. 
Our experimental design also resulted in a roughly homogeneous distribution of the 
sample with approximately 2/3 of exposures and 1/3 of non-exposures to each immer-
sive/interactive component. The distribution of participants across experimental (im-
mersion/interaction) conditions for each test sequence is shown in Table 9 (a, b and c). 
Similarly, Table 10 (a and b) presents the number of individuals following each possible 
order of exposure to the immersion and interaction conditions, respectively. 

As discussed before, our experimental design was expected to ensure also that being 
exposed to a given immersive or interactive condition is statistically independent from 
the characteristics of the individuals. We confirmed this premise through one-way be-
tween subjects ANOVAs and chi-squared tests comparing, in terms of the user charac-
teristics collected: i) the individuals assigned to the different immersive/interactive con-
ditions at the first and at the second part of the experiment; and, ii) those assigned to a 
given immersive/interactive condition across the two parts of the experiment. There 
were no significant differences (at the p<0.05 level) among these groups with respect to 
their characteristics. 

*The omitted-variable bias appears in the estimates of parameters in a regression analysis, when the as-
sumed specification omits an independent variable that is correlated with both the dependent variable 
and one or more included independent variables. The simple random assigment of ECs in our experiment 
ensures that the immersive and interactive components (i.e. BA/SE and I3D/ITab respectively) are uncor-
related. For that reason the immersive pair can be omitted in the analysis focused on the interactive di-
mension and vice versa without introducing this bias. 
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Table 9 Number of participants assigned to each experimental (a), immersion (b) and 
interaction (c) condition for TS1 and TS2 

 (a)      (b)  
 TS1 TS2 TOTAL   TS1 TS2 TOTAL 
EC1 (IC1; IntC1) 4 4 8  IC1 16 14 30 
EC2 (IC1; IntC2) 5 5 10  IC2 16 17 33 
EC3 (IC1; IntC3) 7 5 12  IC3 15 16 31 
EC4 (IC2; IntC1) 6 7 13  TOTAL 47 47 94 
EC5 (IC2; IntC2) 4 6 10    (c)  
EC6 (IC2; IntC3) 6 4 10   TS1 TS2 TOTAL 
EC7 (IC3; IntC1) 4 3 7  IntC1 14 14 28 
EC8 (IC3; IntC2) 7 7 14  IntC2 16 18 34 
EC9 (IC3; IntC3) 4 6 10  IntC3 17 15 32 

TOTAL 47 47 94  TOTAL 47 47 94 

Table 10 Number of participants following each possible order of assignment to the 
immersion (a) and interaction (b) conditions 

(a)  (b) 

Order of assignment Nº of participants  Order of assignment Nº of participants 

IC1-IC2 9  IntC1-IntC2 9 

IC1-IC3 7  IntC1-IntC3 5 

IC2-IC1 7  IntC2-IntC1 6 

IC2-IC3 9  IntC2-IntC3 10 

IC3-IC1 7  IntC3-IntC1 8 

IC3-IC2 8  IntC3-IntC2 9 

TOTAL 47  TOTAL 47 

The statistics of the personal characteristics and personality factors obtained from par-
ticipants’ answers to the Personal characteristics questionnaire are presented in Tables 
11 to 14. The equations used to compute the factors shown in Table 14 and the levels of 
Spatial Presence and Engagement from participants’ answers to the ITQ, BFI, ITC-
SOPI and Quality Assessment Questionnaires are included in Appendix II.II.  

As expected, the majority of participants (83% of individuals) reported to have some 
knowledge of the technologies integrated in the experimental set-up. Fans and not fans 
were almost equally represented, considering the good balance of the sample in terms of 
football preferences and of frequency of viewing. In contrast, the distribution of partici-
pants in terms of team preference is quite biased. As shown, most individuals did not 
favour any team or favoured other teams not involved in the game displayed (59.6%). 
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The rest of the sample favoured RMCF in a first place (34%) and FCB to a lesser extent 
(6.4%). A quick inspection to the dataset reveals that most football fans identified 
RMCF as their favourite team (a quite predictable outcome considering that the volun-
teers live and work/study in Madrid), whereas the majority of not fans reported not to 
favour any team. Thus, although it can not be claimed that the collected sample is statis-
tically representative of the general population, it does encompass a quite similar num-
ber of individuals that like and do not like the content. Considering the influence of this 
factor on the media experience (see section 2 for a discussion on the impact of plot and 
narrative on the user experience), the authors consider that the sample is valid enough to 
support the exploratory analysis proposed in this thesis.  

Table 11 Question and responses on knowledge of involved technologies 
Question 1: None 2: Basic 3: Intermediate 4: Expert Total 
How would you rate your current level 
of knowledge on video, audio or home 
automation technologies? 

17.0 % 40.4 % 36.2 % 6.4 % 100% 

Table 12 Questions and responses on preferences and habits in relation to the content 
Question 1: Not at all 2: Not much 3: Neutral 4: Somewhat 5: Very much Total 
How much do 
you like football? 34.0 % 14.9 % 4.3 % 12.8 % 34.0 % 100% 

Question 1: Never 2: Rarely 
3: Every 
once in a 

while 
4: Sometimes 5: Almost 

always Total 

How frequently 
do you watch 
football matches? 

25.5 % 21.3 % 4.3 % 21.3 % 27.6 % 100% 

Table 13 Question and responses on team preference 
Question 1: RMCF 2: FCB 3: Other 4: None Total 
Select the option that best describe 
your football team preference 34% 6.4% 19.2% 40.4% 100% 

The factors quantifying the tendency to get emotionally involved and the tendency to 
get absorbed in the sense of blocking out external distractors (see Table 14) were com-
puted as described in (Weibel et al., 2010) from the answers of each participant to the 
ITQ questionnaire (Witmer & Singer, 1998). These two variables, as well as the big five 
factors extraversion, agreeableness, neuroticism and openness to experience resulted to 
be normally distributed whereas the distribution of conscientiousness was approximate-
ly normal. Further details on the personal characteristics collected and on the measuring 
instruments used are provided in Appendix II. 
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Table 14 Statistics of the personal characteristics and personality factors obtained from 
participants’ answers to the Personal characteristics questionnaire 

 
N Mean SD Min. value Max. value 

Tendency to emotional involvement 47 4.21 1.16 1.8 6.8 

Tendency to absorption 47 5.02 0.98 2.75 6.75 

Extraversion 47 2.46 0.92 1.0 4.67 

Agreeableness 47 3.76 0.66 2.25 5.0 

Conscientiousness 47 2.95 0.90 1.5 4.75 

Neuroticism 47 2.37 0.81 1.0 4.0 

Openness to experience 47 3.94 0.75 2.0 5.0 

In a preliminary exploration we conducted a multivariate (Pearson’s correlations) analy-
sis on the quantitative independent variables listed above. We aimed to reveal possible 
interactions between the affective, cognitive, and behavioural factors used to character-
ize the individuals in our study and, to identify highly correlated variables that could po-
tentially hinder the soundness of the statistical analysis to be conducted. The results are 
reported in Appendix IV.II. As shown, although several moderate relations emerged, 
our analysis did not reveal any multicollinearity among the factors. The most remarka-
ble relationship found is the correlation between individual’s preferences and habits in 
relation to the content (r=0.75; p=0.00). This result points to a consistent behavior of 
participants in relation to their reported preferences, which supports the consistency 
theories found in literature (see section 2.1). That is, those users with a high level of 
preference towards the content have a tendency to watch football matches more fre-
quently than those who do not like the content or who like it to a lesser extent. Among 
the other relationships found it is worth to highlight the negative correlation found be-
tween the tendency to get emotionally involved and the big five personality factor ex-
traversion, which had been previously reported in (Weibel et al., 2010).  

From the two experimental conditions presented to each of the 47 participants we ob-
tained the dependent quality and Presence measures shown in Table 15. The distribution 
of SP, Eng and QoSE was normal and the distribution of QoE, QoI, QoC, QoA, QoI3D 
and QoITab was approximately normal. By applying the experimental configuration 
summarized above, we obtained two valuations per individual and dependent measure 
(a total of 94 samples per variable) that were not correlated in time and therefore can be 
treated as independent measures.  

For the presence and quality measures included in Table 15, Fig. 9 and Fig. 10 show the 
MOS and 95% Fisher’s LSD confidence interval computed across all the experimental 
conditions. As shown, engagement was the presence measure that received the highest 
average ratings. As regards to the perceived quality, audio and image were the two best 
rated components at the global level, being the MOS computed for the quality of audio 
higher than those corresponding to the overall QoE. Sensory effects and the quality of 
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interaction with tablet received intermediate valuations whereas the MOS for the quality 
of content and for the quality of interaction with 3D objects were below 7.0 points. 

Table 15 Summary statistics of the Presence and quality measures gathered in the ex-
periment 

  N Mean SD Min value Max. value 

SP 94 3.09 0.58 1.69 4.46 

Eng 94 3.45 0.56 2.0 4.62 

QoE 93 7.71 1.28 3.0 10.0 

QoC 89 6.37 1.90 2.0 9.0 

QoI 90 7.91 1.50 3.0 10.0 

QoA 93 8.21 1.47 3.0 10.0 

QoSE 58 7.09 1.65 3.0 10.0 

QoI3D 56 6.16 1.72 2.0 9.0 

QoITab 59 6.81 1.63 1.0 10.0 
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Spatial Presence Engagement
 

  

 

Fig. 9. MOS and 95% Fisher’s LSD confidence interval for the presence measures com-
puted across all the ECs presented 
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Fig. 10. MOS and 95% Fisher’s LSD confidence interval for the quality measures com-
puted across all the ECs presented 
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5. RESULTS 

In this Chapter we present the results of the experimental study introduced in Chapter 4. 
As indicated before, our analysis has a twofold objective. First, we aim to explore the 
average effect of the immersive elements BA and SE and of the interactive elements 
I3D and ITab on the dependent measures analyzed. That is, on Spatial Presence and En-
gagement and on the perceived quality of the media experience and of its components. 
And second, we aim to reveal possible heterogeneities (if any) of these effects as a func-
tion of the individual characteristics and personality traits considered. In the following 
sub-sections we specify the models that we used to analyse the data described above, 
and report results towards these two objectives.  

We conduct differentiated analyses on the impact of the immersive (i.e BA and SE) and 
of the interactive (i.e. I3D and ITab) components on the dependent measures considered 
in our study. At each dimension (i.e. immersion or interaction), we start by discussing a 
base model focused on our first goal. Then, we incorporate individuals’ characteristics 
to identify those with a direct impact on the dependent measures. Finally, we interact 
the immersive elements BA and SE or the interactive elements I3d and ITab as corre-
sponds, with the individuals’ factors to reveal whether the latter may have or not a 
modulating effect on the perceived impact of BA, SE, I3D or ITab. The models were 
coded and estimated in STATA (StataCorp, 2015) and STATGRAPHICS Centurion 
XVII (StatpointTechnologies, 2013) using Ordinary Least Squares (OLS).  

5.1 Influence of immersive components 

5.1.1 Base model 

In this section we measure the impact of SE and BA on participants by analyzing the 
average variation in the self-stated quality and Presence scores reported by individuals 
in IC1 and IC2 with respect to the baseline group IC3. That is, we analyze the variation 
in the perceived quality and Presence across groups/experimental conditions generated 
by the absence of each of the immersive components object of study (i.e. BA and SE). 
The absence of BA and SE were coded as dummy variables taking value of one if 
BA/SE was absent in the experiment. Table 16 shows the estimated impact of the ab-
sence of BA and of SE on the quality measures (i.e. quality of experience, content, im-
age, audio and sensory effects). Similarly, Table 17 shows the estimated impact of the 
absence of BA and of SE on the two dimensions of Presence considered (i.e. Spatial 
Presence and Engagement).  

On average, the exclusion of SE or BA from the experimental condition did not cause 
significant variations neither on the perceived quality of experience, content, image or 
sensory effects, nor on the dimensions of Presence. That is, those individuals who were 
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randomly allocated to the groups where BA or SE were not administered did not report-
ed, on average, systematically different valuations for these measures in the correspond-
ing Likert scale relative to those in the baseline group (where both BA and SE were pre-
sent). Conversely, as shown in Table 16, the absence of binaural audio had a negative 
impact on the Quality of Audio. Those individuals who were exposed to binaural audio 
sistematically assigned higher valuations to the Quality of Audio in comparison to those 
who were not exposed to this immersive component (standard stereo audio was used in-
stead).  

Table 16 Base quality models (immersion dimension) 
VARIABLES QoE QoC QoI QoA QoSE 
BA was not 
present 

-0.248 0.042 -0.022 -0.820** 0.029 
(0.328) (0.503) (0.392) (0.364) (0.437) 

SE was not 
present 

0.013 0.067 -0.029 -0.033 

 

(0.333) (0.511) (0.398) (0.369)  
Constant 7.793*** 6.333*** 7.929*** 8.517*** 7.071*** 
 (0.240) (0.370) (0.286) (0.265) (0.314) 
Observations 93 89 90 93 58 
R-squared 0.009 0.000 0.000 0.070 0.000 
F test(p-value) 0.661 0.991 0.997 0.039 0.948 

Note: Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 

Table 17 Base Presence models (immersion dimension) 
VARIABLES Spatial Presence Engagement 
BA was not present -0.0194 -0.116 
 (0.142) (0.139) 
SE was not present -0.220 -0.0241 
 (0.144) (0.141) 

Constant 3.168*** 3.502*** 
 (0.105) (0.103) 

Observations 94 94 
R-squared 0.030 0.008 
F test(p-value) 0.247 0.682 

Note: Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 

5.1.2 Introducing characteristics of respondents 

After analysing the average variation in the quality and Presence measures associated 
with the absence of each of the immersive components (i.e. BA and SE), we explore the 
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impact of the observed characteristics of individuals on these dependent variables (see 
Appendix A.1 for a complete list of variables collected from individuals in the experi-
ment). We look for systematic differences in the dependent measures (i.e. the perceived 
quality of the experience and of its components and the two dimensions of Presence an-
alyzed) associated to each participant’s characteristic. Individuals’ preferences in rela-
tion to the content were coded as a new dummy variable named ‘Football fan’, which 
takes value of one for those participants who liked football very much or somewhat 
(group of football fans) and zero otherwise (group of not fans). A dummy variable was 
also defined from the reported team preferences to consider the potential impact of fa-
vouring the winner team. It takes value of one if the individual favour RMCF and zero 
otherwise. Conversely, the possible effect of favouring the defeated team could not be 
considered due to the small number of FCB’s fans that participated in the experiment 
(see section 3.6 for a detailed description of the sample). Finally, we introduce the 
dummy variable ‘Female’ to account for possible gender-related effects. Table 18 and 
Table 19 present the estimates corresponding to the quality and Presence measures con-
sidered, respectively. 

There are not significant changes, with regard to the base model, on the estimates de-
scribing the impact on the quality scales of excluding BA or SE from the experimental 
condition. The inclusion of participants´ characteristics, however, produces a significant 
improvement in the explanatory power of the models describing the different quality 
measures, as revealed by the R-squared and F-statistic. 

We found a systematic impact of the dummy variable ‘Football fan’ on the perceived 
quality of the experience, content, image and sensory effects. That is, on average, foot-
ball fans assigned higher scores to the quality of content, image and sensory effects than 
not fans. This group also showed a tendency to assign higher valuations to the quality of 
the overall experience than the group of not fans. Taken together, these outcomes sug-
gest that, in the context of a multi-sensorial media experience, quality judgment is mod-
ulated by the level of personal preferences in relation to the content.  

Previous knowledge of the involved technologies was found to have a positive impact 
on the perceived quality of content and a negative effect on the perceived quality of au-
dio. On average, those participants with high levels of technological knowledge as-
signed higher scores to the Quality of Content than those with low levels. In contrast, 
the former were more critical about the Quality of Audio than those with less technolog-
ical knowledge.  

The tendency to get emotionally involved was found to have a significant influence on 
the perceived Quality of Sensory Effects. Those individuals with higher tendency to get 
emotionally involved were more prone to valuate high the Quality of Sensory Effects 
than those with lower tendency. The Quality of Sensory Effects was also influenced 
significantly by two personality traits, namely conscientiousness and openness to expe-
rience. On average, those individuals who scored high on these traits assigned higher 
valuations to the perceived quality of sensory effects than those who scored low. 
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Table 18 Quality models including characteristics of individuals (immersion dimen-
sion) 

VARIABLES QoE QoC QoI QoA QoSE 
BA was not pre-
sent 

-0.381 -0.192 -0.115 -0.788** 0.0515 
(0.311) (0.432) (0.369) (0.354) (0.375) 

SE was not pre-
sent  

-0.148 -0.117 -0.200 -0.0700  
(0.316) (0.438) (0.376) (0.358)  

Football fan 0.809*** 2.162*** 0.977*** 0.507* 1.077*** 
(0.254) (0.369) (0.302) (0.290) (0.377) 

Knowledge on 
Technology 

 0.486**  -0.393**  
 (0.220)  (0.174)  

Tendency to 
Emot. Involve-
ment 

    0.722*** 
    (0.176) 

Personality Fac-
tor: Agreeable-
ness 

  0.409*  0.567* 
  (0.227)  (0.329) 

Personality Fac-
tor: Conscien-
tiousness 

0.268*    0.499** 
(0.142)    (0.212) 

Personality Fac-
tor: Neuroticism 

    -0.477* 
    (0.251) 

Personality Fac-
tor: Openness 

    0.620** 
    (0.259) 

Female  0.733*    
 (0.425)    

Constant 6.725*** 4.641*** 6.010*** 8.799*** -1.193 
 (0.470) (0.507) (0.901) (0.357) (2.152) 
Observations 93 89 90 93 58 
R-squared 0.145 0.300 0.141 0.158 0.369 
F test(p-value) 0.00759 1.36e-05 0.0109 0.00411 0.00109 

Note: Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 

As for the quality measures, we looked for systematic differences in the perceived levels 
of Spatial Presence and Engagement associated to each participant’s characteristic (see 
Table 19).  
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Table 19 Presence models including characteristics of individuals (immersion dimen-
sion) 

VARIABLES Spatial Presence Engagement 
BA was not present -0.106 -0.199* 

(0.125) (0.114) 

SE was not present -0.299** -0.167 
(0.128) (0.115) 

Football fan  0.259** 
 (0.116) 

Favourite team = RMCF 0.459*** 0.317** 
(0.111) (0.122) 

Knowledge on Technology  0.154*** 
  (0.0580) 

Emotional Involvement  0.156*** 
  (0.0461) 

Tendency to absorption 0.109**  
 (0.0536)  

Personality Factor: Extraversion 0.0687 0.164*** 
 (0.0591) (0.0553) 

Personality Factor: Neuroticism 0.192***  
 (0.0682)  

Personality Factor: Openness 0.124*  
 (0.0699)  

Constant 1.406*** 2.087*** 
 (0.409) (0.288) 

Observations 94 94 
R-squared 0.310 0.393 
F test(p-value) 2.89e-05 2.05e-07 

Note: Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 

As in the previous cases, the inclusion of participants´ characteristics produces a signifi-
cant improvement in the explanatory power of the models describing the different di-
mensions of Presence, as revealed by the R-squared and the F-statistic. A significant 
change with regard to the base model emerges, however, on the estimates describing the 
impact on Spatial Presence of excluding sensory effects from the experimental condi-
tion. As shown, the absence of SE produces a negative impact on the level of Spatial 
Presence reported by participants. In other words, those participants who were randomly 
allocated to the groups where SE was not administered experienced, on average, sys-
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tematically lower levels of Spatial Presence than those in the groups where SE was pre-
sent. The fact that this effect emerges now and not in the baseline model highlights the 
magnitude and complexity of the role of personal characteristics on the user experience. 
By introducing the characteristics of respondents we control for the effect of individual 
differences (in terms of the observed features), thereby this previously masked impact is 
disclosed. 

As regards to the influence of individual preferences, our models reveal that football 
fans felt systematically more emotionally engaged during the media experience than not 
fans. Team preference was found to have also a significant impact on Presence. Those 
participants who favoured the winner team (i.e. RMCF) reported systematically higher 
levels of Spatial Presence and Engagement than those who favoured other teams.  

The knowledge of involved technologies was found to have a positive impact on the 
level of Engagement. In this sense we argue that the interest of technology knowledgea-
ble individuals in the technological innovations integrated in our testbed contributed to 
enhance their level of Engagement. Two straightforward results, which are in coherence 
with previous outcomes, are the positive effects of the tendency to get emotionally in-
volved on the level of Engagement and of the tendency to get absorbed (by blocking our 
external distractors) on Spatial Presence.  

The personality factor extraversion was found to have a positive effect on the level of 
Engagement. Those participants who rated high on extraversion experienced systemati-
cally higher levels of emotional Engagement than those who rated low. A significant re-
lation between Spatial Presence and Neuroticism also emerged. Those participants who 
scored high on neuroticism reported systematically higher levels of Spatial Presence 
than those who scored low on this trait. 

5.1.3 Introducing interactions between immersive components and individuals’ 
characteristics 

In the last stage of the study we look for possible heterogeneities in the impacts of BA 
and SE on the quality and Presence measures based on individual characteristics. That 
is, we explore whether the impact of excluding BA or SE had a different magnitude 
across different groups of participants based on their characteristics. We introduce such 
heterogeneity in our model through a set of interaction terms between the dummy varia-
bles describing the absence of BA/SE in the experiment and the participants’ character-
istics collected in our study.  

After extensive testing, it emerged that the absence of BA generated different effects on 
the perceived quality of experience, content and image and on the levels of Spatial Pres-
ence and Engagement across different groups of participants. We also found that the ab-
sence of SE produced different effects on the perceived quality of image across groups 
with different levels of conscientiousness. No significant interactions were found for the 
perceived quality of audio or sensory effects (see Table 24).  
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We found that the effect on the Quality of Experience of the absence of BA is influ-
enced by individual’s preferences in relation to the content and by the levels of consci-
entiousnes and agreeablenes. That is, the variation on QoE valuations resulting from the 
exclusion of BA was different for the groups of fans and not fans. Differences in mar-
ginal effects of BA between football fans and not fans reveal that whereas the absence 
of BA does not affect the perceived quality of experience for football fans, it generates a 
significant drop for not fans. In a similar way we found differences in marginal effects 
across different groups based on their levels of conscientiousness. We found that the ab-
sence of BA only generates a significant drop in the perceived quality of experience for 
those individuals who scored high on conscientiousness. Similarly, differences in mar-
ginal effects across different groups based on their levels of agreeableness reveal that 
the absence of BA only generates a significant drop in the perceived quality of experi-
ence for those individuals who scored high on this trait. 

We also found that the impact on the quality of content of excluding BA from the ex-
perimental condition is influenced by the level of agreableness. Differences in marginal 
effects across different groups based on their levels of agreeableness show that the ab-
sence of BA only generates a significant drop in the perceived quality of content for 
highly agreeable participants.  

The variation on participants’ valuations of the quality of image resulting from the ex-
clusion of BA was different across groups with different levels of emotional involve-
ment, conscientiousness and openness to experience. In a similar way, the impact on the 
perceived quality of image of the absence of SE was different across groups with differ-
ent levels of conscientiousness. Differences in marginal effects of BA and of SE across 
groups based on their levels of conscientiousness reveal that the absence of BA or the 
absence of SE only generate a significant drop in the perceived quality of image for 
highly conscious participants. Conversely, differences in marginal effects of BA across 
different groups based on their levels of emotional involvement reveal that the absence 
of BA only generates a significant drop in the perceived quality of image for those indi-
viduals who scored low on the tendency to get emotionally involved. A similar analysis 
across groups with different levels of openness to experience reveal that the absence of 
BA only generates a significant drop in the perceived quality of image for those partici-
pants who scored low in openness.  

As regards to the dimensions of Presence, we found that the absence of BA generates 
different effects on the perceived levels of Spatial Presence and Engagement across dif-
ferent groups of participants based on their tendency to get emotionally involved. Dif-
ferences in marginal effects of BA across these groups reveal that whereas the absence 
of BA does not affect the levels of Spatial Presence and Engagement experienced by 
participants with medium or high scores in the tendency to get emotionally involved, it 
generates a significant drop for those who scored low on this personality factor. That is, 
the levels of Spatial Presence and Engagement experienced by those individuals who 
are less prone to get emotionally involved drop significantly with the exclusion of bin-
aural audio from the experimental condition. 
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In a similar way, the tendency to get emotionally involved was found to have a modu-
lating effect on the impact on Spatial Presence resulting from the exclusion of sensory 
effects from the experimental configuration. Differences in marginal effects across 
groups based on their tendency to get emotionally involved reveal that those individuals 
with scores around the mean of the factor (computed over the entire sample) were more 
sensitive to the absence of sensory effects than those who scored low or high on this 
factor. In other words, whereas the exclusion of sensory effects from the experimental 
configuration does not affect the level of spatial presence reported by individuals who 
scored low or high on the tendency to get emotionally involved, it generates a signifi-
cant drop for those with scores around the mean of the sample. 

Finally, we explored possible differences in marginal effects of BA and SE on engage-
ment across groups of participants with different levels of technological knowledge. We 
found that the exclusion of these immersive components does not affect the level of en-
gagement experienced by participants with low or no knowledge of the involved tech-
nologies. However, the absence of BA produced a significant drop in the level of en-
gagement for those individuals with intermediate level of technological knowledge. 
Even more, the exclusion of SE from the experimental configuration generates a signifi-
cant drop in the emotional engagement experienced by those participants whose self-
rated level of technological knowledge was intermediate or expert. 

5.2 Influence of interactive components 

5.2.1 Base model 

In this section we measure the impact of I3D and ITab on participants by analyzing the 
average variation in the self-stated quality and Presence scores reported by individuals 
in IntC1 and IntC2 with respect to the baseline group IntC3. That is, we analyze the var-
iation in the perceived quality and Presence across groups/experimental conditions gen-
erated by the absence of each of the immersive components object of study (i.e. I3D and 
ITab).  

The absence of I3D and ITab were coded as dummy variables taking value of one if 
I3D/ITab was absent in the experiment. Table 20 shows the estimated impact of the ab-
sence of I3D and of ITab on the perceived quality measures (i.e. overall quality of expe-
rience, quality of the content, image, audio, interaction with 3d objects and interaction 
with tablet). Similarly, Table 21 shows the estimated impact of the absence of I3D and 
of Itab on the two dimensions of Presence considered (i.e. Spatial Presence and En-
gagement).  
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Table 20 Base quality models (interaction dimension) 

VARIABLES QoE QoC QoI QoA QoI3D QoITab 
I3D was not 
present 

-0.022 -0.257 0.190 0.043 
- 

-0.231 
(0.310) (0.467) (0.370) (0.357) (0.428) 

ITab was not 
present 

-0.361 -0.590 0.005 -0.083 0.143 
- 

(0.325) (0.496) (0.398) (0.375) (0.467) 

Constant 7.826*** 6.638*** 7.840*** 8.225*** 6.097*** 6.931*** 
 (0.224) (0.338) (0.267) (0.258) (0.312) (0.305) 

Observations 93 89 90 93 56 59 
R-squared 0.016 0.016 0.004 0.001 0.002 0.005 
F test(p-value) 0.484 0.496 0.851 0.947 0.761 0.592 

Note: Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 

Table 21 Base Presence models (interaction dimension) 
VARIABLES Spatial Presence Engagement 
I3D was not present -0.045 0.136 
 (0.140) (0.096) 

ITab was not present -0.022 -0.204 
 (0.148) (0.139) 

Constant 3.109*** 3.462*** 
 (0.102) (0.096) 

Observations 94 94 
R-squared 0.001 0.060 
F test(p-value) 0.950 0.060 

Note: Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 

On average, the exclusion of I3D or ITab from the experimental condition did not cause 
significant variations neither on the perceived quality of experience, content, image or 
audio, nor on the dimensions of Presence. That is, those individuals who were randomly 
allocated to the groups where I3D or ITab were not administered did not reported, on 
average, systematically different valuations for these measures in the corresponding 
Likert scale relative to those in the baseline group (where both I3D and ITab were pre-
sent). Similarly, the absence of one of the interactive components did not affect, on av-
erage, the perceived quality of the other interactive component. 
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5.2.2 Introducing characteristics of respondents 

After analysing the average variation in the quality and Presence measures associated 
with the absence of each of the interactive components (i.e. I3D and ITab), we explore 
the impact of the observed characteristics of individuals on these dependent variables 
(see Appendix A.1 for a complete list of variables collected from individuals in the ex-
periment). We look for systematic differences in the dependent measures (i.e. the per-
ceived quality of the experience and of its components and the two dimensions of Pres-
ence) associated to each participant’s characteristic. Table 22 and Table 23 present the 
estimates corresponding to the quality and Presence measures considered, respectively. 

There are not significant changes, with regard to the base model, on the estimates de-
scribing the impact on the quality scales of excluding I3D or ITab from the experi-
mental condition. The inclusion of participants´ characteristics, however, produces a 
significant improvement in the explanatory power of the models describing the different 
quality measures, as revealed by the R-squared and F-statistic. 

As in the immersion dimension, we found a systematic impact of the dummy variable 
‘Football fan’ on the perceived quality of experience, content and image. That is, on av-
erage, football fans assigned higher scores to the quality of content and image and to the 
quality of the overall experience than not fans. Thus, whether individuals are enthusias-
tic about the content or not has a direct impact on quality judgment, being of particular 
interest the cross-modal effect of this factor on the perceived quality of image.  

The outcomes in Table 22 confirm the negative impact of previous knowledge of the 
involved technologies on the perceived quality of audio. A similar effect of this factor 
on the reported quality of interaction with tablet was also revealed. On average, those 
participants with high levels of technological knowledge were more critical about these 
two components (i.e. audio and interaction via tablet device) than those with less tech-
nological knowledge. The quality of interaction with tablet was also influenced signifi-
cantly by the personality trait conscientiousness. On average, highly conscientious indi-
viduals assigned lower valuations to the perceived quality of interaction with tablet than 
those who scored low on this trait. 

The tendency to get absorbed and block out external distractors was found to have a 
significant influence on the perceived quality of interaction with 3D objects. Those in-
dividuals with higher tendency to absorption were more prone to valuate high the quali-
ty of interaction with 3D objects than those with lower tendency. Also, on average, fe-
males assigned higher quality valuations to the interaction with 3D objects, as well as to 
the overall experience, than males. 
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Table 22 Quality models including characteristics of individuals (interaction) 

VARIABLES QoE QoC QoI QoA QoI3D QoITab 
I3D was not present 0.015 -0.069 0.285 0.206 

- 
-0.141 

(0.292) (0.394) (0.348) (0.342) (0.383) 
ITab was not present  -0.392 -0.449 -0.073 -0.104 -0.184 

- (0.307) (0.417) (0.365) (0.357) (0.444) 

Football fan 0.920*** 1.798*** 0.981*** 0.821*   
(0.258) (0.552) (0.300) (0.418)   

Frequency of viewing  0.218  -0.173   
 (0.164)  (0.132)   

Favourite team = RMCF     0.926  
    (0.553)  

Knowledge of Technology  0.365  -0.417**  -
0.739*** 

 (0.225)  (0.185)  (0.234) 

Tendency to Emot. In-
volvement 

    -0.378*  
    (0.214)  

Tendency to Absorption    0.238 0.582**  
   (0.152) (0.235)  

Personality Factor: Extra-
version 

 -0.319*    -0.363* 
 (0.191)    (0.202) 

Personality Factor: 
Agreeableness 

  0.399*   0.477 
  (0.227)   (0.330) 

Personality Factor: Consci-
entiousness 

    -0.456 -0.518** 
    (0.278) (0.211) 

Personality Factor: Neurot-
icism 

     -0.439 
     (0.268) 

Personality Factor: Open-
ness 

 -0.289     
 (0.247)     

Female 0.603** 0.745*   1.541***  
(0.291) (0.431)   (0.533)  

Constant 7.235*** 5.256*** 6.010*** 7.494*** 5.550*** 9.589*** 
 (0.261) (0.370) (0.901) (0.826) (1.763) (1.532) 

Observations 93 89 90 93 56 59 
R-squared 0.156 0.315 0.145 0.143 0.245 0.336 
F test(p-value) 0.005 0.000 0.009 0.035 0.027 0.001 

Note: Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 
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As for the quality measures, we looked for systematic differences in the perceived levels 
of Spatial Presence and Engagement associated to each participant’s characteristic (see 
Table 23). There are no significant changes, with regard to the base model, on the esti-
mates describing the impact on Spatial Presence and Engagement of excluding the in-
teraction components from the experimental condition. However, as in previous cases, 
the inclusion of participants´ characteristics produce a significant improvement in the 
explanatory power of the models describing the two dimensions of Presence analyzed, 
as revealed by the R-squared and the F-statistic.  

Table 23 Presence models including characteristics of individuals (interaction dimen-
sion) 

VARIABLES Spatial Presence Engagement 
I3D was not present -0.043 0.050 
 (0.124) (0.110) 

ITab was not present 0.058 -0.182 
 (0.132) (0.115) 

Frequency of viewing  0.093*** 
  (0.035) 

Favourite team = RMCF 0.446*** 0.264** 
 (0.116) (0.118) 

Knowledge on Technology  0.105* 
 (0.059) 

Emotional Involvement  0.141*** 
  (0.044) 

Tendency to absorption 0.107*  
 (0.055)  

Personality Factor: Extraversion  0.151*** 
 (0.055) 

Personality Factor: Neuroticism 0.240***  
(0.068)  

Personality Factor: Openness  0.099 
 (0.065) 

Constant 1.828*** 1.716*** 
 (0.346) (0.384) 

Observations 94 94 
R-squared 0.238 0.412 
F test(p-value) 0.000 0.000 

Note: Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 
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As revealed by the equivalent analysis conducted across the immersion dimension, we 
found a significant impact of team preferences on Presence and Engagement. Those par-
ticipants who favoured the winner team (i.e. RMCF) reported systematically higher lev-
els of Spatial Presence and Engagement than those who favoured other teams. Other ef-
fects that remain significant are the positive impact of extraversion and of the tendency 
to get emotionally involved on the level of Engagement and the effect of neuroticism on 
Spatial Presence. Those participants who scored high on extraversion or on the tendency 
to get emotionally involved reported sistematically higher levels of Engagement than 
those who scored low on these factors. In a similar way, highly neurotic individuals felt, 
on average, more physically present in the displayed environment than those who 
scored low on neuroticism.  

Additionally, a significant impact of participant’s habits in relation to the content (i.e. 
frequency of viewing football matches) on Engagement emerged. Those participants 
who use to watch football matches frequently experienced, on average, higher levels of 
emotional engagement during the experience than those who do not use to watch similar 
content or who do it with less frequency.  

5.2.3 Introducing interactions between immersive components and individuals’ 
characteristics 

Finally, we look for possible heterogeneities in the impacts of I3D and ITab on the qual-
ity and Presence measures based on individual characteristics. That is, we explore 
whether the impact of excluding I3D or ITab had a different magnitude across different 
groups of participants based on their characteristics. We introduce such heterogeneity in 
our model through a set of interaction terms between the dummy variables describing 
the absence of I3D/ITab in the experiment and the participants’ characteristics collected 
in our study.  

After extensive testing, it emerged that the exclusion of interactions using the Tablet 
from the experimental configuration generates different effects on the perceived quality 
of experience, content and audio across different groups of participants. No significant 
interactions were found, however,  neither for the perceived quality of image, of interac-
tions with 3D objects or of interactions with Tablet, nor for the levels of spatial pres-
ence and engagement (see Table 25).  

We found that the effect on the Quality of Experience of the absence of ITab is influ-
enced by participant’s gender, knowledge of involved technologies, tendency to get ab-
sorbed and level of openness to experience. Differences in marginal effects of ITab 
across genders show that whereas the absence of ITab does not affect the quality of ex-
perience for females, it generates a significant drop in QoE valuations for males. In a 
similar way, the variation on QoE valuations resulting from the exclusion of ITab was 
different across groups of participants based on their knowledge of involved technolo-
gies. Differences in marginal effects of ITab across these groups reveal that whereas the 
absence of ITab does not affect the perceived quality of experience for those individuals 
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whose self-reported knowledge of involved technologies was ‘basic’ or ‘none’, it gener-
ates a significant drop for those with ‘intermediate’ or ‘expert’ levels. The impact on the 
quality of experience of excluding ITab from the experimental condition is influenced 
also by the tendency to get absorbed and by the level of openness to experience. We 
found that the absence of ITab only generates a significant drop in the perceived quality 
of experience for those individuals who scored high on the former factor. Conversely, 
only those individuals who scored low on openness to experience reported a significant 
drop of the quality of experience as a result of excluding the ITab component from the 
experimental configuration. 

The effect on the perceived quality of content of the absence of ITab was found to be in-
fluenced by participant’s preferences in relation to the content, knowledge of involved 
technologies and gender. Differences in marginal effects of ITab between football fans 
and not fans and between genders reveal that the absence of ITab only generates a sig-
nificant drop in the perceived quality of content for not fans and males, respectively. 
Similarly, differences in marginal effects across groups of participants with different 
levels of technological knowledge show that the exclusion of ITab from the experi-
mental configuration has a significant impact on the quality of content reported by those 
participants who declared to have an intermediate or expert level of technological 
knowledge. 

Finally, the effect on the perceived quality of audio of excluding ITab from the experi-
mental configuration was different across groups of participants with different habits in 
relation to the content (i.e. frequency of viewing). Differences in marginal effects of 
ITab across groups based on their frequency of viewing football matches reveal that the 
absence of ITab only generates a significant drop in the perceived quality of audio for 
those who see football matches once in a while. 
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Table 24 Summary of effects found significant for each quality and Presence measure considered 

  QoE QoC QoI QoA QoSE QoI3D QoITab SP Eng 

Immersive 
components 

Absence of binaural audio    Strong (-)      
Absence of sensory effects        Strong (-)  

Interactive 
components 

Absence of interaction with 3D obj.          
Absence of interaction with Tablet          

Individual 
preferences 

Football fan  Very strong Very strong Very strong  Very strong    Strong 
[not fan] # (absent) BA Strong(-)         

[not fan] # (absent) ITab  Strong(-)        

Favourite team == RMCF        Very 
strong Strong 

Previous 
habits 

Frequency of viewing         Very strong 
[Once in a while] # (absent) ITab    Strong(-)      

Related 
knowledge 

Knowledge of involved technolo-
gies  Strong  Strong (-)   Very 

strong(-)  Very strong 

[intermediate] # (absent) BA         Strong(-) 
[intermediate, expert] # (absent) SE         Strong(-) 

[intermediate, expert] # (absent) 
ITab Strong(-) Very 

strong(-)        

Demograph-
ic  

factors 

Gender Strong     Very strong    

[male] # (absent) ITab Strong(-) Strong(-)        

Immersive 
tendency 

Tendency to get emotionally in-
volved     Very strong    Very strong 

[low] # (absent) BA   Strong(-)     Strong(-) Very 
strong(-) 

[mean] # (absent) SE        Strong(-)  
Tendency to absorption      Strong  Strong  

[high] # (absent) ITab Strong(-)         
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Big five 
personality 

traits 

Extraversion         Very strong 
Agreeableness           

[high] # (absent) BA Strong(-) Strong(-)        
Conscientiousness     Strong  Strong(-)   

[high] # (absent) BA Very 
strong(-)  Strong(-)       

[high] # (absent) SE   Strong(-)       

Neuroticism        Very 
strong  

Openness     Strong     
[low] # (absent) BA   Very strong(-)       

[low] # (absent) ITab Strong(-)         

 

Note: This table summarizes the effects found significant for each quality and Presence measure considered in our study. Heterogeneous effects are shown in cursive letter.# 
indicates interaction. (-) indicates inverse correlation. Strong indicates significance at 5% and Very strong indicates significance at 1% level. The interaction terms are codi-
fied as follows: [value of the corresponding personality factor at which the effect was found significant]# (absent) Immersive/Interactive component generating the observed 
effect. See Chapters 5 and 6 for details.  
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6. DISCUSSION 

As introduced in Chapter 1, the objective of this research is to gain insight into the im-
pact of binaural audio, sensory (light and olfactory) effects, interaction with 3D objects 
integrated into the video scene and interaction with additional content using a second 
screen on the sports media experience, both at the overall level (average effect) and as a 
function of users’ characteristics (heterogeneous effects).  

In our experimental study, nine experimental conditions were defined from all the pos-
sible (orthogonal) combinations of three immersion and three interaction configurations. 
The three experimental configurations defined at each dimension (i.e. immersion and in-
teraction) comprised one baseline condition and two treatment conditions. In the base-
line condition participants were exposed to the two immersive or interactive compo-
nents analyzed (i.e. BA+SE and I3D+ITab, respectively). In the treatment conditions 
participants were exposed to one of the immersive/interactive components (i.e. BA or 
SE / I3D or ITab). To address our first goal (i.e. to reveal the average effect of each 
component on the dependent measures), we fit a base model. The model estimates the 
impact of the exclusion of BA and of SE (immersion dimension) and of I3D and ITab 
(interaction dimension) on the quality and Presence measures considered by comparing 
the scores assigned by the participants to these measures in the corresponding treatment 
condition with respect to the baseline group. Our second objective was addressed in two 
steps. First, we looked for systematic differences in the dependent measures (i.e. the 
perceived quality of the experience and of its components and the dimensions of Pres-
ence) associated to each participant’s characteristic. And finally, we interacted the im-
mersive elements BA and SE and the interactive elements I3D and ITab with the per-
sonal characteristics observed to reveal whether these have or not a modulating effect 
on the perceived impact of these components. 

Our base models did not reveal any significant variation on the dependent variables –
except for the perceived quality of audio- as a result of excluding binaural audio, senso-
ry effects or the two interactive components from the experimental condition. Under the 
immersion dimension, by considering solely the absence of binaural audio and of senso-
ry effects as independent variables, our base models were not able to explain the vari-
ance neither in the quality of experience, content and image, nor in the Presence 
measures. In other words, the exclusion of binaural audio or of sensory effects from the 
experimental condition did not generate, on average, significantly different valuations 
for these dependent measures in comparison to those in the baseline group (where both 
BA and SE were present). In a similar way, the base models fit for the interaction di-
mension were not able to explain the variance neither in the quality of experience, con-
tent, image and audio, nor in the Presence measures. In other words, the exclusion of the 
interaction with 3D objects and of the interaction with additional content through the 
tablet device from the experimental condition did not generate, on average, significantly 
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different valuations for these dependent measures in comparison to those in the baseline 
group (where both I3D and ITab were present).  

However, after incorporating the user factors observed in our experiment the explicative 
power of our models increased significantly. As could be expected considering the sub-
jective nature of the media experience, individual differences (in terms of the observed 
features) explained most of the variation in the perceived quality of the experience and 
of the media components and on the levels of Spatial Presence and Engagement. Fur-
thermore, by controlling for the effect of individuals’ characteristics on the dependent 
variables, new effects (masked in the previous models) were disclosed. Table 24 sum-
marizes the results presented in Chapter 5 as regards to the influence of the independent 
variables on the dependent measures analyzed in our experiment. In the remaining of 
this Chapter we refer to this Table to discuss the main findings resulting from our exper-
imental study. 

6.1 Influence of immersive components 

As shown, our first hypothesis does not hold as regards to the speculated average effect 
of binaural audio on the quality of experience and on the dimensions of Presence. In-
stead, a straightforward effect of binaural audio on the perceived quality of audio 
emerged. A significant proportion of the variation in the quality of audio was explained 
by the exclusion of binaural audio from the experimental condition. The parameter es-
timates for this component are in line with a priori expectations (i.e. negative) and im-
ply that respondents preferred binaural audio than standard stereo audio. The knowledge 
of involved technologies accounted for almost the other half of the explained variance 
in the quality of audio. Technology knowledgeable participants were more critical about 
the quality of audio than those with less technological knowledge. This is probably be-
cause those participants with high knowledge (and presumably also high interest) about 
technology paid a lot of attention to the implementation details. In consequence, as sug-
gested by previous works (e.g. (D.S. Hands et al., 2005; Jumisko-Pyykkö, 2011; Sacau 
et al., 2008), they could be more prone to detect technical errors than not experts. The 
higher level of Engagement experienced by these individuals in comparison to the one 
experienced by those with less technological knowledge could be also given by their 
higher enthusiasm in relation to the technological innovations integrated in our setup. 
The assumption that technology-knowledgeable participants deviated their attention 
away from the content might also explain why these users were more benevolent in the 
content quality valuations than their counterparts. In this sense, a poor attention might 
be behind the omission of content-related problems.  

The absence of binaural audio was found to have also a heterogeneous effect on the 
overall quality of experience, on the perceived quality of content and image and on the 
experienced levels of Spatial Presence and Engagement. The magnitude of these effects 
was modulated by different users’ characteristics, which include: individual preferences 
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in relation to the content, knowledge of involved technologies, tendency to get emotion-
ally involved, agreeableness, conscientiousness and openness to experience.  

The impact of the absence of binaural audio on the quality of experience was different 
across the groups of football fans and not fans (see H2a.). Whereas the absence of bin-
aural audio does not affect the perceived quality of experience for football fans, it gen-
erates a significant drop for not fans. In other words, not fans’ judgment on the overall 
quality of experience is more sensitive to a drop in the audio quality than football fans’ 
valuations. However, considering that both fans and not fans preferred binaural audio 
than standard stereo audio, we can argue that this differentiated effect on the quality of 
experience is not given by differences in the audio quality perceived by these groups. 
Instead, we hypothesize that the impact of binaural audio on the quality of experience 
reported by not fans emerges partially from a higher importance of this media compo-
nent in not fans’ experience in comparison to the relative importance perceived by foot-
ball fans. As suggested by previous findings (see discussion in (Welch & Warren, 
1980)), the impact of a given media component on the user experience is modulated by 
the relative importance of the sensory modality addressed by such component during 
the media use. In our experiment, probably not fans relied considerably on the com-
ments and explanations provided by the commentator and on the audio events (i.e. ac-
claims, applauses, boos, blows of whistle) to follow the evolution of the game events 
displayed. As football fans watch football games frequently (see section 3.5), they are 
expected to count on more trained attentional and cognitive skills than not fans as re-
gards to the use of this media genre. In consequence, they are probably more efficient 
than not fans on integrating a wide amount of information coming from different senso-
ry inputs and on interpreting and contextualizing the resulting stimulus. Thus, for these 
individuals, other criteria as the amount, accuracy, singularity or complementarity of the 
information obtained through each modality could prevail when it comes to assessing 
the relevance of each sensory input. Additionally, the higher level of emotional En-
gagement experienced by football fans in comparison to not fans suggests that for these 
individuals the experience is highly modulated by emotional processes. In contrast, 
judging by the direct impact of the perceived audio quality on the overall quality of ex-
perience reported by not fans, cognitive processes (and in particular those related to 
quality judgment) seem to be at the core of these subjects’ experience.  

The impact of the absence of binaural audio on the quality of experience was found to 
be different across groups of participants with different levels of conscientiousness. 
Whereas the exclusion of binaural audio from the experimental condition does not affect 
the quality of experience perceived by those individuals with low or medium levels of 
conscientiousness, it generates a significant drop for highly conscientious participants. 
A high value of conscientiousness is usually associated to reflexive, organized, hard-
working and reliable persons (Benet-Martínez & John, 1998; Oliver P John & 
Srivastava, 1999), as well as with an increased perceptual sensitivity (Rose et al., 2002). 
Thus, a possible interpretation of the impact of this trait may be that highly conscien-
tious individuals were more committed to give faithful valuations than those who scored 
low or average on this personality factor. In consequence, they paid more attention to 
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the media components (and in particular to audio) and thus, noticed the quality varia-
tions and provided more consistent valuations than the other participants. 

The variation on participants’ valuations of the quality of experience and of the quality 
of content resulting from the exclusion of binaural audio from the experimental condi-
tion was different across groups of individuals based on their level of agreeableness. 
Whereas the exclusion of binaural audio from the experimental condition does not affect 
the quality of experience or the quality of content perceived by those individuals with 
low or medium levels of agreeableness, it generates a significant drop for highly agree-
able participants. A high value of agreeableness is usually related to trustful, helpful, al-
truist, tender-minded and modest persons. As suggested by Sacau et. al. (Sacau & 
Laarni, 2005), this trait could have a significant role on the suspension of disbelief, a 
mechanism that has been shown to favour media enjoyment (Vorderer, Klimmt, & 
Ritterfeld, 2004).  

In line with previous results, we found a cross-modal influence of binaural audio on the 
perceived quality of image. However, the effect is not homogeneous. Instead, the exclu-
sion of binaural audio from the experimental condition produced different effects on the 
perceived quality of image across groups of participants with different levels of tenden-
cy to emotional involvement, conscientiousness and openness to experience. The ab-
sence of binaural audio generated a significant drop in the perceived quality of image 
for those individuals who scored high on conscientiousness, low in the tendency to get 
emotionally involved and low in openness to experience. Again, highly conscious indi-
viduals are found to be more sensitive to the impact of this immersive component (i.e. 
binaural audio) than those who score low on this trait. Besides, as in not fans’ experi-
ence, audio seems to play a very important role for those individuals who are less open 
to new experiences and/or less prone to get emotionally involved with media.  

In a similar fashion, the effect on the levels of Spatial Presence and Engagement of the 
absence of binaural audio was found to be influenced by individuals’ tendency to get 
emotionally involved (see H2b). Whereas the absence of binaural audio does not affect 
the perceived levels of Spatial Presence and Engagement for participants with interme-
diate or high levels of tendency to emotional involvement, it generates a significant 
drop for those who scored low on this personality factor. This suggests that binaural au-
dio may have the potential to activate emotional and cognitive mechanisms that do not 
appear or that emerge with less frequency in these individuals, in comparison to those 
with intermediate or high tendency to get emotional involved. In particular, it seems to 
favour those mechanisms leading to an increased emotional reaction towards media and 
to the suspension of disbelief that underlines the elicitation of Presence. From a differ-
ent perspective, this result suggests that binaural audio could be used to enhance the 
levels of Spatial Presence and emotional Engagement experienced by those individuals 
who are less prone to get emotionally involved with media, and the resulting enjoyment 
of the media experience. Interestingly, the impact of the absence of binaural audio on 
the level of Engagement was found to be influenced also by the level of technological 
knowledge. The level of Engagement experienced by those individuals with intermedi-
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ate knowledge of the involved technologies dropped significantly with the exclusion of 
binaural audio from the experimental configuration.  

In contrast to the more generalized impact of binaural audio on the quality and Presence 
measures considered, the influence of sensory effects concentrates mainly on the dimen-
sions of Presence. In partial support of our first hypothesis, the absence of sensory ef-
fects was found to have a significant (negative) average impact on the level of Spatial 
Presence. In other words, those participants who were randomly allocated to the groups 
where sensory effects were not administered experienced, on average, systematically 
lower levels of Spatial Presence than those in the groups where sensory effects were 
present. As discussed in Chapter 2, multi-sensorial media is expected to deliver more 
immersive experiences than a traditional media asset. In our experiment, the main audi-
ovisual content is complemented by a meaningful combination of sensory effects, which 
are rendered in response to specific game events. This approach, in combination with 
the physical configuration of our testbed, addresses the four dimensions of immersion 
by: isolating the physical reality through ambient lighting effects (inclusion); stimulat-
ing a broader set of sensory modalities, including smell (extensiveness); rendering ef-
fects that physically surround the user (surrounding); and, ensuring a correct delivery of 
such effects in terms of spatio-temporal resolution and fidelity (vividness). Thus, con-
sidering the well-known relation between immersion and Presence, it is not a surprise 
that those individuals who were assigned to the groups in which sensory effects were 
administered reported higher levels of Spatial Presence than those who were not ex-
posed to the component. Additionally, an heterogeneous impact of sensory effects on 
Spatial Presence across groups of individuals with different levels of tendency to get 
emotionally involved was revealed. Whereas the level of Spatial Presence experienced 
by those individuals who scored low or high on the tendency to get emotionally in-
volved is not affected by the exclusion of sensory effects from the experimental config-
uration, it drops significantly for those individuals with scores around the average for 
the sample. In other words, sensory effects increased significantly the level of Spatial 
Presence experienced by those individuals with average tendency to get emotionally in-
volved. In contrast, the sense of physical transportation reported by those who scored 
high or low on this trait was not affected by the absence of this component. Also, partic-
ipants with intermediate or high knowledge of involved technologies felt systematically 
more engaged in the media experience when sensory effects were administered in com-
parison to the conditions in which the component was not present. Thus, technology-
enthusiastic users may feel engaged in the experience via their interest towards the 
technological innovations associated to this component.  

We found also an impact of sensory effects on the quality of image. The magnitude of 
this effect was different across groups of participants with different levels of conscien-
tiousness. This outcome supports previous results revealing a significant impact of 
wind, vibration, light and olfactory effects on the perceived video quality and sense of 
reality (Ghinea & Ademoye, 2012; M Waltl et al., 2010). As for binaural audio, a cross 
modal impact (i.e. of sensory effects on the perceived quality of image) emerges in the 
experience of highly conscious individuals, who seem to be more sensitive to the pres-
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ence of sensory effects and more consistent on the related quality valuations than those 
who scored low on this trait.  

6.2 Influence of interactive components  

As shown in Table 24, our hypotheses H3 and H4 do not hold. The exclusion of interac-
tion with 3D objects or through the tablet device from the experimental configuration 
did not generate any significant average effect on the dependent quality and Presence 
measures considered. No heterogeneous effects were revealed either as a result of ex-
cluding the interaction with 3D objects from the experimental configuration. However, 
the absence of interaction with additional content through the tablet device was found to 
have a heterogeneous impact on the perceived quality of experience, content and audio. 
The magnitude of these effects was modulated by different users’ characteristics, in-
cluding: individual preferences and habits in relation to the content, knowledge of in-
volved technologies, gender, tendency to absorption and openness to experience. Thus, 
in contrast to the generalized impact of binaural audio on the quality and Presence 
measures considered and to the concentrated influence of sensory effects on the dimen-
sions of Presence, the effects of interaction with additional content through the tablet 
device emerge in terms of quality. 

In partial fulfillment of H5a., the impact of the absence of interaction through tablet on 
the quality of content was different across the groups of football fans and not fans. 
Whereas the absence of interaction through tablet does not affect the perceived quality 
of content for football fans, it generates a significant drop for not fans. As discussed in 
(Sherry, 2004), media enjoyment has many aspects in common with the experience of 
flow. Thus, a suitable balance between an individual’s skill and the difficulty of the task 
is a pre-requisite for the occurrence of enjoyment. In the context of our experiment, an 
individual who lacks skills to read or interpret the game events and the associated pieces 
of information (i.e. due to lack of interest on and of experience with the football con-
tent), will not enjoy the media experience. On the contrary, regular users of the genre 
embrace the familiar conventions of form to easily understand the message. Therefore, a 
possible explanation to this result could be that not fans appreciate significantly the 
availability of additional content on a second screen because it delivers other details or 
features that could appear more attractive to them than the content displayed on the 
main screen and/or that could enhance their understanding and follow-up of the game 
events. Football fans, however, were probably more focused on the produced content 
than not fans, since it delivers a fluid and complete picture of the game using a familiar 
format. As suggested before, these participants are expected to count on trained atten-
tional and cognitive skills on the use of this media genre, which facilitate a dynamic and 
efficient integration of the different pieces of information into their mental model of the 
game. 

Technology knowledgeable participants were more sensitive to the absence of interac-
tion through tablet than those with less technological knowledge. The former assigned 
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systematically lower valuations to the quality of experience and to the quality of content 
when the interaction through tablet was not present in comparison to those conditions in 
which it was administered (see H5a). As for previous results, we hypothesize that those 
participants with high knowledge (and presumably also high interest) about technology 
paid a lot of attention to the technological innovations integrated in our testbed. In con-
sequence, they could be more prone to assign high quality valuations to the content (in-
cluding the on-demand content that can be retrieved using the tablet device) and to the 
overall experience when the interactive component is administered. 

Our analysis revealed a significant variation on males’ valuations of the quality of expe-
rience and of the quality of content as a result of excluding the interaction through tablet 
from the experimental configuration. This differentiated effect across genders might be 
related to the way in which we approached the design of the content in our experiment 
and in particular, of the additional content delivered through the tablet device. Accord-
ing to the authors in (Cooper & Tang, 2013), men tend to show relatively higher levels 
of interest and engagement in/on competitive sports than women. On the contrary, fe-
males use to be more engaged with the social dimension of the game. Thus, the higher 
impact on males of the absence of this interactive component could be explained by the 
fact that the content delivered through the tablet was designed to provide further details 
about the game and the players (i.e. statistics, replays, comments…) in acompetitive 
fashion. As no social interaction (e.g. through social networks) was enabled, the attrac-
tiveness of this interactive component would probably be linked to the perceived inter-
est of the content delivered through it. Thus, the hypothesis that, on average, males are 
more interested in competition than females helps to explain why they are more sensi-
tive to the absence of the additional information delivered by this component than 
women. 

The impact of the exclusion of interaction through tablet on the perceived quality of ex-
perience was found to be influenced by the tendency to absorption and by the level of 
openness to experience. The absence of this component generated a significant drop in 
the perceived quality of experience for those individuals who scored high on the ten-
dency to absorption and for those who scored low in openness to experience. As the 
outcomes reported in (Nandakumar & Murray, 2014), this result seems to support the 
hypothesis that suitable additional information delivered through a second screen has 
the potential to enhance the comprehension and follow-up of the displayed events and 
thus, to increase the user involvement in the media experience. This effect seems to be 
particularly relevant for those individuals with a high tendency to absorption, probably 
because it contributes to elicit their enhanced attentional mechanisms. Thus, as pointed 
out by previous works, a focused attention (able to block out external distractors) has a 
positive impact on the media experience. Surprisingly, those individuals who scored 
low on the personality trait openness to experience were found to be more sensitive to 
the exclusion of the interaction through tablet from the experimental configuration.  

Interestingly, our analysis revealed a cross-modal impact of the interaction through tab-
let on the perceived quality of audio. The magnitude of this effect was different across 
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groups of participants with different habits in relation to the content. Those individuals 
who whatch football matches occasionally were found to be more sensitive to the exclu-
sion of this interaction component from the experimental configuration than those who 
reported to whatch them with higher or lower frequency. A possible interpretation could 
be that this group has intermediate skills on the use of this media genre. These skills are 
probably good enough to follow up the game with the support of the comments and ex-
planations provided by the commentator, which are further illustrated by the additional 
information delivered through the tablet device. We hypothesize that the drop in the au-
dio quality perceived by these individuals as a result of excluding the interaction 
through tablet component is due to a decreased understanding of the commentator’s 
speech given by the absence of the additional visual support provided by the related 
content displayed on the tablet. This additional visual support seems to be unnecessary 
or irrelevant for those who see football matches with higher or lower frequency, respec-
tively.  

6.3 Direct influence of user’s characteristics 

Our analysis revealed also a direct impact on the user experience of some of the person-
al characteristics collected in our experiment. We found a generalized influence of indi-
vidual preferences in relation to the content on most of the quality and Presence 
measures considered. Football fans systematically assigned higher quality valuations to 
the content, image and sensory effects and reported higher levels of emotional Engage-
ment than not fans. Taken together, these outcomes suggest that, in the context of a 
multi-sensorial media experience, quality judgment is modulated by the level of person-
al preferences in relation to the content. This effect is not limited, as could be expected, 
to the perceived Quality of Content or to the overall Quality of Experience. Instead, our 
dataset reveals a cross-modal impact of individual preferences on the perceived quality 
of other media components as image and sensory effects. These results are in coherence 
with previous findings highlighting the influence of factors as personal relevance of the 
content and domain-specific interest and their role on controlled attention allocation 
(Jumisko-Pyykkö, 2011; Lombard & Ditton, 1997; Sacau et al., 2008; Wirth et al., 
2007). 

Those who favoured the winner team experienced systematically higher levels of emo-
tional involvement than those who favoured other teams. Team preferences were found 
to have also a significant influence on the level of Spatial Presence. These outcomes are 
in coherence with the impact on Presence of cognitive factors as empathy towards an 
entity or character in the story (Sas & O’Hare, 2003), or of identification (Decock, 
Looy, Bleumers, & Bekaert, 2011), defined as “an imaginative experience in which a 
person surrenders consciousness of his own identity and experiences the world through 
someone else’s point of view” (Cohen, 2001). In our study, as pointed out by Decock et. 
al., identification could lead to the temporary adoption of the favoured team’s point of 
view and to viewing the world through its role in the game. Thus, resulting in enhanced 
senses of Spatial Presence and emotional Engagement. We did not find, however, any 
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significant influence of team preference on quality valuations, which reinforce the valid-
ity of the Spatial Presence and engagement constructs as global measures to explain the 
emotional dimension of a media experience. 

Those individuals with higher tendency to get emotionally involved were more prone to 
valuate high the quality of sensory effects than those with lower tendency. Previous 
findings on the influence of human senses on emotions suggest that olfactory effects 
have the potential to recall personal memories and related emotions in a highly vivid 
and strong manner (Herz & Engen, 1996; Obrist et al., 2014; Willander & Larsson, 
2006; Wrzesniewski et al., 1999). We found a similar effect in the inverse direction. 
That is, sensory effects are better appreciated by those individuals who have high ten-
dency to get emotionally involved with media in comparison to those who score low on 
this factor. The Quality of Sensory Effects was also influenced significantly by two per-
sonality traits, namely conscientiousness and openness to experience. A high value of 
conscientiousness is usually associated to reflexive, organized, hard-working and relia-
ble persons (Benet-Martínez & John, 1998; Oliver P John & Srivastava, 1999), as well 
as with an increased perceptual sensitivity (Rose et al., 2002). Thus, a possible interpre-
tation of the impact of this trait may be that highly conscientious participants were more 
sensitive to the influence of sensory effects and were more careful of providing con-
sistent valuations than those who scored low on this trait. The fact that this effect 
emerges in the valuations of sensory effects and not in those provided for the other qual-
ity measures could be explained by the innovative character of this immersive compo-
nent. Unlike binaural audio, which delivers an increased quality of a component tradi-
tionally present in the media experience, sensory effects introduce a completely new 
effect. We hypothesize that the users notice the presence of this immersive element and 
in consequence, build a quality judgment about it in a more objective and focused way 
(in particular highly conscientious individuals). The personality trait openness to expe-
rience describes to what extent an individual is receptive to new ideas and approaches. 
Given the innovative effect introduced by sensory effects, it seems quite coherent that 
those participants who rated high on openness to experience assigned higher valuations 
to this component than those who rated low on the trait.  

In line with previous results and a-priori expectations are also the positive impact of the 
tendency to get emotionally involved on Engagement and the effect of the tendency to 
get absorbed on Spatial Presence (see for instance (Baños et al., 1999; Sas & O’Hare, 
2003)).  

The personality factor extraversion was found to have a positive effect on the level of 
Engagement. Those participants who rated high on extraversion experienced systemati-
cally higher levels of emotional Engagement than those who rated low. Highly extro-
verted individuals are usually sociable, active, assertive, outgoing and emotionally posi-
tive. It seems that these attributes contribute to a positive emotional appraisal of the 
media experience. Our evidence could not support, however, the relation between extra-
version and Spatial Presence found by Laarni et al. (Laarni et al., 2004). In contrast to 
their outcomes and to those of Weibel et. al. (Weibel et al., 2010), we did find a signifi-
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cant relation between Spatial Presence and Neuroticism. Those participants who scored 
high on neuroticism reported systematically higher levels of Spatial Presence than those 
who scored low on this trait. 
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7. CONCLUSIONS AND FUTURE WORK 

This thesis has explored the impact of binaural audio, sensory effects, interaction with 
3D objects embedded into the video scene and interaction with on-demand content us-
ing a tablet device on the sports media experience. The potential effects of these com-
ponents on the dependent quality and Presence measures considered in our study have 
been examined both at the overall level (average effect) and as a function of users’ 
characteristics (heterogeneous effect). This research objective was fulfilled through the 
testing of the research hypotheses included in Table 25, which were formulated on the 
basis of the relevant literature (see Chapter 1). 

Table 25 Result of the testing of the hypotheses formulated in this research (see details 
in the text below) 
Hypothesis Result of testing 
H1 both binaural audio and sensory ef-

fects have a significant average effect 
on the quality of experience and on 
the dimensions of Presence;  

Not validated for binaural audio. However, several 
heterogeneous effects of the component on these 
dependent measures were revealed (see H2)  
Partially validated for sensory effects (average im-
pact on Spatial Presence) 

H2 the impact of binaural audio and of 
sensory effects on: 
a. the quality of experience is dif-

ferent for sports (football) fans 
and not fans and across groups of 
participants with different levels 
of knowledge of involved tech-
nologies;  

b. the level of Engagement is differ-
ent for sports (football) fans and 
not fans and across groups of par-
ticipants with different levels of 
tendency to get emotionally in-
volved, openness to experience, 
neuroticism and extraversion; 
and, 

c. the level of Spatial Presence is 
different for sports (football) fans 
and not fans and across groups of 
participants with different levels 
of tendency to absorption and 
openness to experience. 

H2a. Partially validated (the impact of BA on QoE 
was found to be different for fans and not 
fans). Additionally, the effect of BA on QoE 
was found to be influenced by the levels of 
agreeableness and conscientiousness.  

H2b. Partially validated (the impact of BA on En-
gagement was found to be different across 
groups with different levels of tendency to get 
emotionally involved). Additionally, the ef-
fect of BA on Engagement was found to be 
influenced by the knowledge of involved 
technologies. 

H2c. Not validated. Instead, the effect of BA on SP 
was found to be influenced by the tendency to 
get emotionally involved. 

In addition to the former, a heterogeneous influ-
ence of binaural audio on the perceived content and 
image quality was found. The magnitude of these 
effects was found to be modulated by the level of 
agreeableness and by the tendency to get emotion-
ally involved and the levels of conscientiousness 
and openness to experience, respectively. 

H3 the interaction with 3D objects and 
through the second screen have a sig-

Not validated for the interaction with 3D objects 
(no significant effects of the component on the de-
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nificant average effect on the quality 
of experience, on the quality of con-
tent and on the level of engagement; 

pendent measures were found). 
Not validated for interaction through tablet. How-
ever, several heterogeneous effects of the compo-
nent on the quality of experience and on the quality 
of content were revealed (see H5)  

H4 the impact of the interaction with 3D 
objects on: 
a. the quality of experience and on 

the quality of content is different 
for sports (football) fans and not 
fans and across groups of partici-
pants with different levels of 
knowledge of involved technolo-
gies, tendency to get emotionally 
involved and openness to experi-
ence;  

b. engagement is different for foot-
ball fans and not fans and across 
groups of participants with differ-
ent levels of tendency to get emo-
tionally involved; 

Not validated for the interaction with 3D objects 
(no significant effects of the component on the de-
pendent measures were found). 

H5 the impact of the interaction with ad-
ditional content through the second 
screen on: 
a. the quality of experience and on 

the quality of content is different 
for sports (football) fans and not 
fans and across groups of partici-
pants with different levels of 
knowledge of involved technolo-
gies, frequency of viewing simi-
lar content, tendency to get emo-
tionally involved, 
conscientiousness and openness 
to experience;  

b. engagement is different for foot-
ball fans and not fans and across 
groups of participants with differ-
ent levels of frequency of view-
ing similar content, tendency to 
get emotionally involved and 
conscientiousness. 

H5a. Partially validated (the impact of ITab on 
QoE was found to be influenced by the 
knowledge of involved technologies and by 
the level of openness to experience; and, the 
effect of ITab on QoC was found to be differ-
ent for football fans and not fans and across 
groups with different levels of technological 
knowledge). Additionally, the effect of ITab 
on QoE was found to be different for males 
and females and across groups with different 
tendency to absorption, the levels of agreea-
bleness and conscientiousness. Also, the in-
fluence of ITab on QoC was found to be dif-
ferent for males and females and across 
groups with different levels of agreeableness. 

H5b. Not validated (no effects on Engagement of 
the interaction through tablet were revealed) 

In addition to the former, a heterogeneous influ-
ence of the interaction through tablet on the per-
ceived audio quality was revealed. The magnitude 
of this effect was found to be modulated by the fre-
quency of viewing similar content. 

At the overall level, our experimental study revealed that participants preferred binaural 
audio than standard stereo audio and that sensory effects increase significantly the level 
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of Spatial Presence. Several heterogeneous effects were also revealed as a result of our 
experimental manipulations. Interestingly, the influence of our categorical variables (i.e. 
BA, SE, I3D and ITab) was not equally distributed across the quality and Presence 
measures. Whereas binaural audio was found to have a generalized impact on the major-
ity of the quality and Presence measures considered, the effects of sensory effects and of 
interaction with additional content through the tablet device concentrate mainly on the 
dimensions of Presence and on quality measures, respectively. 

Common effects related to the two immersive components analyzed (i.e. binaural audio 
and sensory effects) include the tendency of technology-enthusiastic users to engage 
with the experience via their interest towards these technological innovations. Also, 
highly conscious individuals were found to be more sensitive to the presence of binaural 
audio and sensory effects and more consistent on the related valuations than those who 
scored low on this trait. 

The increased audio quality enabled by binaural audio was found to have also a hetero-
geneous impact on the quality of experience, on the perceived quality of content and 
image and on the levels of Spatial Presence and Engagement. The magnitude of these 
effects was found to be modulated by several personal characteristics, such as: individu-
als’ preferences in relation to the content, knowledge of involved technologies, tenden-
cy to emotional involvement and levels of agreeableness, conscientiousness and open-
ness to experience. In general, not fans and those participants who scored low on the 
tendency to get emotionally involved and on openness to experience and high on agree-
ableness and conscientiousness seem to be more sensitive to the presence of this immer-
sive component. Differences across groups of participants based on the former three 
factors seem to be given by a higher importance of audio in the experience of not fans 
and of those individuals who are less open to new experiences and/or less prone to get 
emotionally involved in comparison to the relative importance perceived by those in the 
complementary groups. Conscientiousness and agreeableness-based differences are ex-
plained by the increased perceptual sensitivity attributed to highly conscious individuals 
and by the role of agreeableness on the suspension of disbelief and thus, on media en-
joyment. These outcomes lead to a possible research path focused on exploring the po-
tential of binaural audio to enhance the media experience of these individuals. 

The outcomes concerning the impact of sensory effects on the media experience were 
below our expectations. We found that sensory effects have a dual impact on Spatial 
Presence and a heterogeneous effect on Engagement and on the perceived image quali-
ty. On average, the presence of this immersive component increased significantly the 
experienced level of physical transportation. Those individuals who scored around aver-
age on the tendency to get emotionally involved seem to be the most sensitive to this ef-
fect. Also, participants with intermediate or high knowledge of involved technologies 
felt systematically more engaged in the media experience when sensory effects were 
administered in comparison to the conditions in which the component was not present. 
Furthermore, highly conscious participants reported a significantly higher image quality 
when sensory effects were present in comparison to those conditions in which sensory 
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effects were not administered. Thus, sensory effects seem to have the potential to con-
tribute to the elicitation of emotional processes in certain group of individuals with 
moderate propensity to get emotionally involved with media.  

The two immersive components analyzed (i.e. binaural audio and sensory effects) seem 
to be a powerful tool to enhance the user experience with media, with emphasis on its 
emotional dimension. In the future, we will further analyze the impact on the user expe-
rience of stimulating a single sensory input (i.e. using only light or olfactory effects) 
and of different combinations and alternative (user-centered) designs of these effects. 
Several sources of inspiration can be found in literature to this respect (e.g. (Obrist et 
al., 2014)). 

No significant effects were revealed as a result of excluding the interaction with 3D ob-
jects integrated into the video scene from the experimental configuration. Surprisingly, 
during the experiments participants generally showed themselves as enthusiastic about 
the interaction with 3D objects. Thus, we suspect that the low scoring of this element 
could be partially due to the way in which we approached this interaction component in 
the experiment, i.e., with the lack of concrete goals and/or rules/guidelines. New im-
proved experiments –designed in compliance with the principles of the flow theory– are 
deemed necessary to understand better the potential benefits and drawbacks of this in-
teraction component. 

The interaction with additional content using the tablet device was found to have a het-
erogeneous impact on the quality of experience and on the perceived quality of content 
and audio. The magnitude of these effects was found to be modulated by personal char-
acteristics as individuals’ preferences in relation to the content, frequency of viewing 
similar content, knowledge of involved technologies, gender and tendency to absorp-
tion, as well as by the level of openness to experience. In general, not fans, males, those 
participants with intermediate or high technological knowledge, those who whatch foot-
ball matches occasionally and those who scored low on openness to experience and high 
on the tendency to get absorbed seem to be more sensitive to the presence (or absence) 
of this interactive component. The availability of additional content on a second screen 
providing further details about the game and the players seem to contribute significantly 
to enhance not fans’ understanding and follow-up of the game events. Similarly, view-
ers with intermediate skills on the use of the media genre seem to rely significantly on 
the combination of audio (i.e. comments and explanations provided by the commenta-
tor) and visual (i.e. additional information delivered through the tablet device) support 
to follow up the game events. This additional visual support seems to be less necessary 
or irrelevant for those individuals with higher or lower skills, respectively. The hypoth-
esis that, on average, males are more interested in competition than females helps to ex-
plain why they were found to be more sensitive to the absence of the additional infor-
mation delivered by this component than women. High scores on tendency to absorption 
are related to the capability to focus attention and block out external distractors, which 
has a positive impact on the media experience. Surprisingly, low scores on openness to 
experience were associated to an increased sensitivity to the absence of the interaction 
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through tablet. Technology-knowledgeable participant assigned significantly higher 
quality valuations to the content and the experience when the interaction through tablet 
component was administered. In the future, we will conduct new experiments to further 
analyze how this interaction component is used and how it can be combined with the 
two immersive components considered to enhance the user experience. 

The personal characteristics collected in our experiment explained most of the variation 
in the dependent variables, confirming the usually neglected role of individual differ-
ences on the media experience. Preferences in relation to the content, knowledge of in-
volved technologies, tendency to emotional involvement and conscientiousness were 
the user variables with the most generalized influence. In particular, the former two fea-
tures seem to present a conflict in the allocation of attentional resources towards the 
media content versus the technical features of the system, respectively. Additionally, 
football fans’ experience seems to be modulated by emotional processes whereas for not 
fans cognitive processes (and in particular those related to quality judgment) prevail. In-
terestingly, the effect of favouring the winner team concentrated on the dimensions of 
Presence. In this sense, our results reinforce the validity of the Spatial Presence and En-
gagement constructs as global measures to explain the emotional dimension of a media 
experience. 

Our work has contributed empirical findings that are worthy of further study. These re-
sults are expected to contribute to the creation of a research framework from which 
strong causal assumptions could be derived. In particular, they could support the formu-
lation of specific hypotheses addressing the potential of binaural audio, light and olfac-
tory effects and additional information delivered through a second screen to enhance the 
sports media experience of different user segments as a function of their characteristics. 
At this point, Structural Equation Modelling could be applied to propose, for instance, a 
Technology Acceptance Model. 

The strengths and limitations of our experimental study should be acknowledged as 
well. Since the design phase the limited timeframe and resources available for our ex-
periment anticipated a small sample. To compensate for this limitation the design prem-
ises presented in Chapter 4 were adopted. We faced the twofold challenge of maximiz-
ing the discriminatory power of our experimental conditions and of keeping the duration 
of the experimental session for each participant under one hour. To fulfill these con-
straints we decided: 

i) to present at least one immersive and one interactive component per session to 
maximize the number of immersive and interactive components presented to 
(and valuated by) each participant. To compensate for the lack of no-treatment 
condition, an “inverse” view (statistically equivalent to the traditional approach) 
was adopted. At each dimension, the three experimental conditions defined are 
approached as one baseline condition and two treatment conditions. In the base-
line condition participants were exposed to the two immersive/interactive com-
ponents. In each of the two treatment conditions participants were exposed to 
one of the two components whereas the other was not administered. In coher-
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ence, at each dimension the impact of one immersive/interactive component is 
analyzed by comparing the scores assigned by the participants to the dependent 
measures in the treatment condition where the component was not administered 
with respect to the baseline group. That is, we analyze the variation in the de-
pendent variables across groups/experimental conditions generated by the ex-
clusion of the immersive/interactive components object of study (i.e. BA and 
SE / I3D and ITab);  

ii) to adopt an assignment procedure in which subjects are assigned randomly, for 
the first part of the experiment, to one of the nine experimental conditions de-
fined; and, for the second part, to one of the four experimental conditions re-
maining after excluding those comprising the immersive or the interactive con-
ditions administered in the first part.  

The combination of this assignment procedure and the 3X2 configuration adopted en-
sured, by design, that being exposed to a given immersive condition is statistically inde-
pendent from being exposed to a given interactive condition (and vice versa) and from 
the characteristics of the individuals or the context. Thus, our experimental design re-
sulted in uncorrelated immersion and interaction components, which enabled the possi-
bility to conduct differentiated analyses across the immersion and interaction dimen-
sions without incurring in omitted-variable bias. Our design led also to: a random 
allocation of individuals (i.e. statistically independent from their characteristics) to the 
immersive and interactive conditions defined; a fairly balanced exposure of volunteers 
to the baseline condition vs. the two treatment conditions at each dimension; a quite 
homogeneous distribution of participants across experimental conditions for each test 
sequence; and, a quite balanced assignment of individuals to each possible order of ex-
posure to immersion/interaction conditions. Furthermore, the “inverse” experimental 
design adopted –based on the exclusion of the immersive components analyzed with re-
spect to the baseline scenario– could be a promising approach to avoid the pitfalls and 
biases of departing from a technological constrained scenario where any improvement 
can be perceived too optimistically.  

As regards to limitations, the scope of our experiment is framed by the media genre (i.e. 
sports – football) and by the limited resources of the ImmersiveTV project, which trans-
lated into a limited duration of experiments and into content and sample (e.g. size and 
composition) constraints. Also, individual interviews, focus groups and/or other qualita-
tive methods would have been very helpful to interpret some statistical results and draw 
further conclusions.  

From a technological point of view, this thesis has contributed to demonstrate that is not 
only possible but also technically feasible to implement and deploy an end-to-end solu-
tion integrating immersive and interactive elements into a hybrid (internet-broadcast) 
television system (see Chapter 3 and (Luque et al., 2014)). In the experimental set-up 
deployed the main audiovisual content (a football match) is complemented with binau-
ral audio, cut grass scent, ambient lighting effects and main lighting and shutter control-
lers (immersion dimension), and with interactive 3D objects and meaningful content de-
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livered through a second screen (interaction dimension). To transmit this complemen-
tary content, our ImmersiveTV system exploits the strengths of (and is is fully compati-
ble with) current standards for transmission (DVB-T), video coding (AVC), data multi-
plexing (MPEG-2), additional signaling (DVB), and actuator devices (KNX) and it can 
be easily adapted to support MPEG-V by defining suitable Sensory Effect Metadata ac-
cording to the Sensory Effect Description Language (SEDL) and Sensory Effect Vocab-
ulary (SEV) specified by the standard, and by performing configuration adjustments in 
the receiver gateway to generate the KNX commands accordingly. At the user’s premis-
es, the content is delivered using the private IP network that connects the receiver gate-
way with the visualization terminals and sensory devices. Even though the solution has 
been tested using a sports multimedia asset, its implementation is completely transpar-
ent to the genre or format of the main audiovisual content. 

However, further important research and implementation challenges remain to increase 
the practical deployment feasibility of this approach. A major issue identified by several 
authors is the need to establish a quality/utility model for sensory and interactive expe-
riences. For the content creation and adaptation phases, further efforts are required to 
enhance state-of-the-art effect authoring tools (see for example the work by Kim [2013] 
and references therein) with (semi-) automatic annotation solutions. A possible ap-
proach could be applying semantic video annotation techniques to identify in an effi-
cient and effective way relevant events that should trigger the sensory effects and/or in-
teractive actions. Computer vision algorithms focusing on the recognition of specific 
scene features, objects or elements, as well as on human identification, could be also 
used to boost the visualization of additional content associated with the recognized ele-
ment/character. Similarly, as pointed out by Timmerer et al. [2012], the (semi-) auto-
matic generation of sensory effects presents several challenges that so far, have been on-
ly partially addressed (see, for example, the work in Waltl et al. [2009] with regard to 
the automatic extraction of color information from the video frame and the use of such 
information to control ambient lighting). In this sense, the automatic identification of 
elements in the video scene could also be used for the release of scents stimulating the 
olfactory sense in coherence with the presented content or for presenting related infor-
mation through the second screen. A common implementation issue of these techniques 
is the necessity of decreasing the cost-intensity of the algorithms to enhance their de-
ployment feasibility. At the receiver side, automatic techniques are required for ena-
bling the discovery, feature detection and remote configuration of sensory and interac-
tion devices. Likewise, effective automatic mechanisms shall be developed to adapt 
sensory effects and interactive functionalities to the capabilities of the specific rendering 
and interaction devices available at the user’s premises (e.g. specific protocol, resolution 
or time constraints). In this sense, light inference solutions as the one proposed in 
(Iglesias-Alvarez, Gómez-Cordero, Bernardos-Barbolla, & Casar-Corredera, 2012) 
could be configured and used to enable a context-aware delivery of sensory effects 
and/or complementary information. 

From a market perspective, sensory-enhanced video and interactive services using a 
second screen have the potential to deliver a new form of immersive and interactive 
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media experiences to the mass market in a non-disruptive manner. The high consump-
tion of action movies, sports and documentaries in this context might favor the adoption 
of these solutions. In particular, binaural audio and sensory effects show great potential 
for creating added-value services enabling immersion beyond stereoscopic video. Inter-
action with 3D objects opens up the possibility to support interactive advertising or 
gaming applications, while on-demand interaction with additional content through a 
second screen seems to provide a suitable framework for personalized services and con-
tent.  

In any case, the results obtained in this thesis highlight the importance of a detailed 
characterization of the individuals in the target audience segments to enable a successful 
deployment of immersive and interactive media applications. Thus, the collection of in-
dividual data and its further analysis, integration and use (in a privacy-respectful 
framework) for the provision of personalized immersive and interactive media experi-
ences seems the most promising avenue for further research in this field. 
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APPENDIX I LIST OF ACRONYMS AND 
ABBREVIATIONS 

Abbreviation / 
Acronym 

Stands for 

3DTV Three-dimensional Television 

ADSL Asymmetric Digital Subscriber Line 

ANOVA Analysis of Variance 

AVC Advanced Video Coding 

BA Binaural Audio 

BIFS BInary Format for Scenes 

BFI Big Five Inventory 

CPU Central Processing Unit 

CUDA Compute Unified Device Architecture 

DNxHD Digital Nonlinear Extensible High Definition 

DVB/DVB-T Digital Video Broadcasting/ Digital Video Broadcasting — Terres-
trial 

EC Experimental Condition 

Eng Engagement 

ETSI European Telecommunications Standards Institute 

FCB Football Club Barcelona 

GPU Graphic Processing Unit 

HbbTV Hybrid Broadcast Broadband Television 

HD High Definition 

HMD Head Mounted Display 
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HTML Hyper Text Markup Language 

HTTP Hypertext Transfer Protocol  

I3D Interaction with 3D objects integrated in the video frame 

IC Immersive Condition 

IntC Interactive Condition 

IP Internet Protocol 

ISO/IEC International Organization for Standardization/International Elec-
trotechnical Commission 

ITab Interaction with additional content using the Tablet device 

ITC-SOPI International Test Commission-Sense of Presence Inventory 

ITQ Immersive Tendency Questionnaire 

ITU-T International Telecommunication Union-Telecommunication 

LAN Local Area Network 

LED Light Emitting Diode 

MPEG Moving Picture Experts Group (and their family of standards) 

NMO Virtools behavioral objects file 

OLS Ordinary Least Squares 

PC Personal Computer  

PCR Program Clock Reference 

QAM Quadrature Amplitude Modulation 

QoA Quality of Audio 

QoC Quality of Content 

QoE Quality of Experience 

QoI Quality of Image 
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QoI3D Quality of Interaction with 3D objects 

QoITab Quality of Iteraction with the Tablet device 

QoSE Quality of Sensory Effects 

RMCF Real Madrid Club de Fútbol 

RPC Remote Procedure Call 

RTP Real Time Protocol 

SE Sensory Effects 

SEDL Sensory Effect Description Language 

SEM Structural Equation Modeling / Sensory Effect Metadata 

SEV Sensory Effect Vocabulary 

SGBM semi-global block matching 

SP Spatial Presence 

TAM Technology Acceptance Model 

TV Television 

TS Test Sequence 

URL Universal Resource Locator 

XML EXtensible Markup Language 
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APPENDIX II MEASURING INSTRUMENTS AND 
FACTORS 

II.I List of factors considered and measuring instruments used to collect them 
The measures gathered during the experiments are summarized as follows (scales in 
brackets). In the case of direct scores the question asked is included preceded by a Q. 

Inclusion criteria 

1. Screening for (corrected to-) normal visual acuity and stereopsis: 
a. Snellen Chart: screening for normal visual acuity 
b. self-developed materials based on Annex 1 of ITU-R Recommendation 

BT.1438 (ITU-R, 2000): screening for normal stereopsis 
2. BDI-II – Beck Depression Inventory (BECK, 1961): The BDI_Score was computed 

from the answers of each participant to the questionnaire [1-10: normal; 11-16: mild 
mood disturbance; 17-20: borderline clinical depression; 21-30: moderate depres-
sion; 31-40: severe depression; over 40: extreme depression] 

Personal characteristics 

3. Previous knowledge of the involved technologies:  
a. KTech. [1: none; 2: basic; 3: intermediate; 4: expert]; Q. How would you 

rate your current level of knowledge on video, audio or home automation 
technologies?  

4. Preferences and habits in relation to the content: 
a. Lfoot [5-point Likert scale from 1: not at all to 5: very much]; Q. How much 

do you like football?  
b. Fview [5-point Likert scale from 1: never to 5: almost always]; Q. How fre-

quently do you watch football matches? 
c. FFT [1: RMCF; 2: FCB; 3: Other; 4: None]; Q. Please select from the fol-

lowing options the one that includes the football team of your preference. If 
you do not have a preferred team, please select option 4.  

5. ITQ measures: Immersive Tendency – ITQ questionnaire (Witmer & Singer, 1998). 
The following factors were computed from the answers of each individual to the 
ITQ questionnaire as described in (Weibel et al., 2010):  

a. ITQ_Emot. Emotional involvement [continuous scale from 1 to 7]; it refers 
to the tendency to get emotionally involved. It is related to the degree of 
emotional reaction (either positive or negative) toward media exposure 
(Weibel et al., 2010) 

b. ITQ_Absor. Absorption [continuous scale from 1 to 7]; it refers to the ten-
dency to become absorbed in / focus attention on an activity. It is related to 
the capability of an individual to concentrate and block out external and dis-
tracting stimuli (Weibel et al., 2010) 
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6. BFI Measures: Personality traits  – Big Five Questionnaire (Benet-Martínez & John, 

1998; O. P. John et al., 1991, 2008): The following factors were computed from the 
answers of each individual to the questionnaire (see (Oliver P John & Srivastava, 
1999) for a comprehensive definition): 

a. BFI_Extrav. Extraversion [continuous scale from 1 to 5]; it implies an en-
ergetic approach toward the social and material world. That is, it measures 
to what extent an individual is oriented toward the external world (the oppo-
site to introvert). In this sense, it includes traits such as sociable, active, as-
sertive, outgoing and emotionally positive 

b. BFI_Agr. Agreeableness [continuous scale from 1 to 5]; it contrasts a pro-
social and communal orientation towards others with antagonism. Agreea-
ble persons can be generally described as trustful, helpful, altruist, tender-
minded and modest 

c. BFI_Cons. Conscientiousness [continuous scale from 1 to 5]; it describes 
socially prescribed impulse control that facilitates task- and goal-directed 
behavior. It is generally associated with individuals that that tend to think 
before acting, perform well following norms and rules, planning, organizing 
and prioritizing tasks and that are hard-working, reliable, organized and self-
disciplined. The trait has been also related to an increased perceptual sensi-
tivity (Rose et al., 2002). 

d. BFI_Neurot. Neuroticism [continuous scale from 1 to 5]; it contrasts emo-
tional stability and even-temperedness (low scores) with negative emotional-
ity, such as feeling anxious, nervous, sad, and tense (high scores). People 
scoring high on neuroticism are usually nervous, insecure, anxious, vulnera-
ble and excitable 

e. BFI_Open. Openness to experience (vs. closed-mindedness) [continuous 
scale from 1 to 5]; it describes the breadth, depth, originality, and complexi-
ty of an individual’s mental and experiential life. This factor is related to 
personality traits as adventurous, liberal, imaginative, receptive to new ideas 
and approaches and having a preference for variety 

Presence and quality measures 

7. ITC-SOPI measures: Presence dimensions - ITC-SOPI Questionnaire (Lessiter et 
al., 2001). The following factors were computed from the answers of each partici-
pant to the questionnaire:  

a. SP. Spatial Presence [continuous scale from 1 to 5]; it refers to a sense of 
physical placement in the mediated environment and of interaction with and 
control over parts of the mediated environment 

b. Eng. Engagement [continuous scale from 1 to 5]; it refers to the feeling of 
psychological involvement and of enjoying the content 

8. Quality measures - Quality assessment questionnaire (self-developed). Subjective 
quality assessment of each independent stimuli/component and of the overall QoE 
[11-point Likert scale from 0: extremely bad to 10: excellent]. The following aclara-
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tory notes on the specific issues encompassed by each component to be valuated 
were provided:  

a. QoE. Overall Quality of Experience as perceived by the user. It refers to the 
global quality of the media experience (encompassing all the components 
presented). 

b. QoC. Quality of Content as perceived by the user. It encompassess issues as 
the plot and the specific sequence of game events;  

c. QoI. Quality of Image as perceived by the user. It encompassess issues as 
the image resolution, luminance, color, sharpness, contrast and depth;  

d. QoA. Quality of Audio as perceived by the user. It encompassess issues as 
the audio clarity, naturalness, richness, sharpness and smoothness; 

e. QoSE (only rated when SE was activated). Quality of Sensory Effects as 
perceivd by the user. It encompassess issues as the naturalness, richness and 
complementarity (to the sports media content) of sensory effects; 

f. QoI3D (only rated when I3D was activated). Quality of the interaction with 
3D objects as perceivd by the user. 

g. QoITab (only rated when ITab was activated). Quality of the interaction 
with additional content using the tablet device, as perceivd by the user. 

II.II Equations of the ITQ, BFI, ITC-SOPI and Quality measures 

Variable Equation 

ITQ_Emot Mean of items 16, 17, 23, 25 and 26 

ITQ_Absor Mean of items 6, 8, 14, 29 

BFI_Extrav Mean of (item1; (6- item6); item11; item16; (6-item21); item26; (6-
item31); item36) 

BFI_Agr Mean of ((6-item2); item7; (6-item12); item17; item22; (6-item27); 
item32; (6-item37); item42) 

BFI_Cons Mean of (item3; (6-item8); item13; (6-item18); (6-item23); item28; 
item33; item38; (6-item43)) 

BFI_Neurot Mean of (item4; (6-item9); item14; item19; (6-item24); item29; (6-
item34); item39) 

BFI_Open Mean of (item5; item10; item15; item20; item25; item30; (6-item35); 
item40; (6-item41); item44) 

SP Mean of items 10, 13, 14, 17, 18, 23, 25, 26, 29, 30, 32, 34, 36 

Eng Mean of items 1, 3, 4, 5, 6, 7, 8, 9, 21, 22, 31, 33 

QoC Direct rating 
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QoI Direct rating 

QoA Direct rating  

QoSE Direct rating  

QoI3D Direct rating  

QoITab Direct rating  

QoE Direct rating  
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II.III Screenshoots of the ITQ, BFI, ITC-SOPI and Quality Questionnaires used 
in the experiment 

Immersive Tendency – ITQ questionnaire (Witmer & Singer, 1998) 

Nunca Ni mucho ni poco Mucho

1
¿En ocasiones te involucras en extremo en proyectos que te ha asignado tu jefe o 

responsable al punto de desatender otras tareas importantes?

Me cuesta mucho No es ni fácil ni difícil Me resulta muy fácil

2
¿Con qué facilidad puedes desplazar tu atención de una tarea en la que estás 

involucrado a una nueva actividad?

Nunca Ni mucho ni poco Casi siempre

3
¿Con qué frecuencia te involucras emocionalmente (enfado, tristeza, felicidad...) en 

una nueva historia que escuchas o ves?

Mal Regular Muy bien

4 ¿Cómo te sientes hoy?

Nunca Ni mucho ni poco Casi siempre

5 ¿Te involucras fácilmente en películas, series o dramas de televisión?

Nunca Ni mucho ni poco Casi siempre

6
¿En ocasiones te involucras tanto en un programa de televisión o en un libro que a 

las personas que te rodean les cuesta ganar tu atención?

Nada Ni mucho ni poco Mucho

7 ¿Cuán mentalmente alerta te sientes en este momento?

Nunca De vez en cuando Casi siempre

8
¿En ocasiones te involucras tanto en una película que no eres consciente de lo que 

pasa a tu alrededor?

Nunca De vez en cuando Casi siempre

9
¿Con qué frecuencia te identificas de forma cercana con un personaje de una 

historia?

Nunca De vez en cuando Casi siempre

10
¿En ocasiones te involucras tanto en un videojuego que tienes la impresión de estar 

dentro del juego en lugar de estar moviendo el mouse y mirando la pantalla?

11 Como promedio, ¿cuántos libros lees por placer en un mes?

12 ¿Qué tipo de libros lees con mayor frecuencia?

Nada Ni mucho ni poco Mucho

13 ¿En qué medida te sientes hoy físicamente en forma?

Me cuesta mucho Ni bien ni mal Lo hago muy bien

14
¿En qué medida eres capaz de bloquear distracciones externas cuando estás 

involucrado en alguna tarea?

Nunca De vez en cuando Casi siempre

15
Cuando ves deportes, ¿te involucras tanto en el juego que reaccionas como si fueras 

uno de los jugadores?

Nunca De vez en cuando Muchas veces

16
¿En ocasiones te pierdes tanto en tus pensamientos que no eres consciente de lo 

que pasa a tu alrededor?

Nunca De vez en cuando Muchas veces

17 ¿En ocasiones tienes sueños tan reales que al despertar te sientes desorientado?

Nunca De vez en cuando Muchas veces

18
Cuando practicas deportes, ¿te involucras tanto en el juego que pierdes el sentido 

del tiempo?

Nada Ni mucho ni poco Mucho

19
¿Suele molestarte cualquier cosa que pasa a tu alrededor cuando estás trabajando en 

una tarea?

Me cuesta mucho Ni bien ni mal Muy bien

20 ¿Cuán bien te concentras en actividades de ocio?

Nunca De vez en cuando Habitualmente*  (*al menos una vez cada dos días)

21 ¿Con qué frecuencia juegas videojuegos?

Me cuesta mucho Ni bien ni mal Muy bien

22 ¿Cuán bien te concentras en tareas desagradables?

Nunca De vez en cuando Muchas veces

23
¿En ocasiones te has sentido alterado durante una escena de persecución o violencia 

mostrada en la televisión o el cine?

Nada Ni mucho ni poco Mucho

24
¿En qué medida te has sentido preocupado por problemas personales durante las 

últimas 48 horas?

Nunca De vez en cuando Muchas veces

25
¿Alguna vez te has sentido asustado por algo sucedido en un programa de televisión 

o en una película?

Nunca De vez en cuando Muchas veces

26
¿Alguna vez te has sentido aprensivo o temeroso durante algún tiempo después de 

haber visto una película de miedo?

Nunca De vez en cuando Muchas veces

27
¿En ocasiones evitas ir a fiestas de carnaval o halloween por ser demasiado 

terroríficas? 

Nunca De vez en cuando Habitualmente*  (*al menos una vez por semana)

28 ¿Con qué frecuencia ves series televisivas o docu-dramas? 

Nunca De vez en cuando Muchas veces

29
¿En ocasiones te involucras tanto en alguna actividad que pierdes por completo la 

noción del tiempo?

Immersive Tendency Questionnaire (ITQ)

Espionaje
Aventura

Novela histórica
Oeste

Misterio
Autobiografías
Ciencia Ficción

Por favor, responde a cada pregunta colocando una X en la división de la escala que corresponda a tu respuesta

Otros (ficción)
Otros (no ficción)

Biografías
Fantasía

Novela romántica
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Big Five Questionnaire (Benet-Martínez & John, 1998; O. P. John et al., 1991, 2008) 

1 es muy hablador
2 tiende a ser criticón
3 es minucioso en el trabajo
4 es depresivo, melancólico
5 es original, se le ocurren ideas nuevas
6 es reservado
7 es generoso y ayuda a los demás
8 puede a veces ser algo descuidado
9 es calmado, controla bien el estrés

10 tiene intereses muy diversos
11 está lleno de energía
12 inicia disputas con los demás
13 es un trabajador cumplidor, digno de confianza
14 con frecuencia se pone tenso
15 es ingenioso, analítico
16 irradia entusiasmo
17 es indulgente, no le cuesta perdonar
18 tiende a ser desorganizado
19 se preocupa mucho por las cosas
20 tiene una imaginación activa
21 tiende a ser callado
22 es generalmente confiado
23 tiende a ser flojo, vago
24 es emocionalmente estable, difícil de alterar
25 es inventivo
26 es asertivo, no teme expresar lo que quiere
27 es a veces frío y distante
28 persevera hasta terminar el trabajo
29 es temperamental, de humor cambiante
30 valora lo artístico, lo estético
31 es a veces tímido, inhibido
32 es considerado y amable con casi todo el mundo
33 hace las cosas de manera eficiente
34 mantiene la calma en situaciones difíciles
35 prefiere trabajos que son rutinarios
36 es extrovertido, sociable
37 es a veces maleducado con los demás
38 hace planes y los sigue cuidadosamente
39 se pone nervioso con facilidad
40 le gusta reflexionar, jugar con las ideas
41 tiene pocos intereses artísticos
42 le gusta cooperar con los demás
43 se distrae con facilidad
44 es educado en arte, música o literatura

Big Five Questionnaire

Me veo a mi mismo(a) como alguien que:

Por favor, compruebe que ha asignado una respuesta a cada frase

Las siguientes expresiones te describen con mayor o menos precisión. Por ejemplo, ¿estás de acuerdo en que 
eres alguien "chistoso, a quien le gusta bromear"? Por favor, asigna un número a cada una de las siguientes 
expresiones según la escala mostrada, indicando así en qué medida crees o no que la expresión te describe.
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ITC-SOPI Questionnaire (Lessiter et al., 2001) 

DESPUÉS  DE LA EXPERIENCIA:

Totalmente en 
desacuerdo En desacuerdo Indiferente De acuerdo

Totalmente de 
acuerdo

1
Totalmente en 

desacuerdo En desacuerdo Indiferente De acuerdo
Totalmente de 

acuerdo

2
Totalmente en 

desacuerdo En desacuerdo Indiferente De acuerdo
Totalmente de 

acuerdo

3
Totalmente en 

desacuerdo En desacuerdo Indiferente De acuerdo
Totalmente de 

acuerdo

4
Totalmente en 

desacuerdo En desacuerdo Indiferente De acuerdo
Totalmente de 

acuerdo

5
Totalmente en 

desacuerdo En desacuerdo Indiferente De acuerdo
Totalmente de 

acuerdo

6

DURANTE LA EXPERIENCIA:

Totalmente en 
desacuerdo En desacuerdo Indiferente De acuerdo

Totalmente de 
acuerdo

7
Totalmente en 

desacuerdo En desacuerdo Indiferente De acuerdo
Totalmente de 

acuerdo

8
Totalmente en 

desacuerdo En desacuerdo Indiferente De acuerdo
Totalmente de 

acuerdo

9
Totalmente en 

desacuerdo En desacuerdo Indiferente De acuerdo
Totalmente de 

acuerdo

10
Totalmente en 

desacuerdo En desacuerdo Indiferente De acuerdo
Totalmente de 

acuerdo

11
Totalmente en 

desacuerdo En desacuerdo Indiferente De acuerdo
Totalmente de 

acuerdo

12
Totalmente en 

desacuerdo En desacuerdo Indiferente De acuerdo
Totalmente de 

acuerdo

13
Totalmente en 

desacuerdo En desacuerdo Indiferente De acuerdo
Totalmente de 

acuerdo

14
Totalmente en 

desacuerdo En desacuerdo Indiferente De acuerdo
Totalmente de 

acuerdo

15
Totalmente en 

desacuerdo En desacuerdo Indiferente De acuerdo
Totalmente de 

acuerdo

16
Totalmente en 

desacuerdo En desacuerdo Indiferente De acuerdo
Totalmente de 

acuerdo

17
Totalmente en 

desacuerdo En desacuerdo Indiferente De acuerdo
Totalmente de 

acuerdo

18

Totalmente en 
desacuerdo En desacuerdo Indiferente De acuerdo

Totalmente de 
acuerdo

19
Totalmente en 

desacuerdo En desacuerdo Indiferente De acuerdo
Totalmente de 

acuerdo

20
Totalmente en 

desacuerdo En desacuerdo Indiferente De acuerdo
Totalmente de 

acuerdo

21
Totalmente en 

desacuerdo En desacuerdo Indiferente De acuerdo
Totalmente de 

acuerdo

22

Totalmente en 
desacuerdo En desacuerdo Indiferente De acuerdo

Totalmente de 
acuerdo

23
Totalmente en 

desacuerdo En desacuerdo Indiferente De acuerdo
Totalmente de 

acuerdo

24
Totalmente en 

desacuerdo En desacuerdo Indiferente De acuerdo
Totalmente de 

acuerdo

25

Totalmente en 
desacuerdo En desacuerdo Indiferente De acuerdo

Totalmente de 
acuerdo

26
Totalmente en 

desacuerdo En desacuerdo Indiferente De acuerdo
Totalmente de 

acuerdo

27
Totalmente en 

desacuerdo En desacuerdo Indiferente De acuerdo
Totalmente de 

acuerdo

28
Totalmente en 

desacuerdo En desacuerdo Indiferente De acuerdo
Totalmente de 

acuerdo

29
Totalmente en 

desacuerdo En desacuerdo Indiferente De acuerdo
Totalmente de 

acuerdo

30
Totalmente en 

desacuerdo En desacuerdo Indiferente De acuerdo
Totalmente de 

acuerdo

31
Totalmente en 

desacuerdo En desacuerdo Indiferente De acuerdo
Totalmente de 

acuerdo

32
Totalmente en 

desacuerdo En desacuerdo Indiferente De acuerdo
Totalmente de 

acuerdo

33
Totalmente en 

desacuerdo En desacuerdo Indiferente De acuerdo
Totalmente de 

acuerdo

34

Totalmente en 
desacuerdo En desacuerdo Indiferente De acuerdo

Totalmente de 
acuerdo

35

Totalmente en 
desacuerdo En desacuerdo Indiferente De acuerdo

Totalmente de 
acuerdo

36

Muchas gracias!!!

He respondido emocionalmente

He sentido que todos mis sentidos eran estimulados a la vez

Me ha gustado el contenido

He sentido dolor de cabeza

Me he sentido como si participara en el entorno mostrado

He tenido una fuerte sensación de que los sonidos provenían de diferentes 
direcciones del entorno mostrado

He sentido cansancio visual

Por favor, compruebe que ha seleccionado una respuesta para cada punto

Me he sentido rodeado por el entorno mostrado

He sentido náuseas

He tenido una fuerte sensación de que los personajes y objetos eran sólidos

He sentido que podía alcanzar y tocar cosas en el entorno mostrado

He sentido que la temperatura cambiaba según las escenas mostradas

Me he sentido como si me encontrara en el mismo espacio que los personajes 
y/o objetos mostrados

He tenido la sensación de que me movía en respuesta a ciertas partes del 
entorno representado

Me he sentido mareado

He sentido que el entorno representado era parte del mundo real

Mi experiencia ha sido intensa

He prestado mas atención al entorno mostrado que a mis propios 
pensamientos (ej. preocupaciones personales…)

He tenido la sensación de estar presente en las escenas mostradas

He sentido como si el contenido estuviera "vivo"

He sentido como si los personajes y/o objetos pudieran tocarme

He sentido como si estuviera visitando los lugares mostrados

Me he sentido cansado

El contenido me ha parecido creíble

He sentido que no estaba simplemente viendo algo

Le recomendaría la experiencia a mis amigos

Me he sentido involucrado

Me he sentido formando parte del entorno representado

He perdido el sentido del tiempo

He sentido que podía interactuar con el entorno representado

El entorno mostrado parecía natural

ITC-SOPI Questionnaire

Por favor, indica en qué medida estás de acuerdo o no con cada uno de las siguientes afirmaciones. Para ello marca con una X la respuesta apropiada en el 
espacio que se encuentra a la derecha de cada afirmación:

Me he sentido triste de que la experiencia haya terminado

Me he sentido desorientado

He tenido la sensación de haber vuelto de un viaje

Me hubiera gustado que la experiencia continuara

Recuerdo de forma vívida algunas partes de la experiencia
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Quality assessment questionnaire (self-developed) 

1. Mi evaluación del contenido (historia o secuencia de eventos presentada),  en una escala del 0 al 10, es:

4. Mi evaluación de la calidad de los efectos sensoriales que han acompañado al contenido multimedia 
(control de iluminación, olores), en una escala del 0 al 10,  es la siguiente:

6. Mi evaluación de la calidad global de la experiencia multimedia (incluidos todos los componentes 
presentados), en una escala del 0 al 10, es la siguiente:

Calidad de la Experiencia

Por favor, asigne una valoración, en una escala del 0 (muy mal) al 10 (excelente), a cada uno de los 
componentes presentes en la experiencia multimedia,  según se indica a continuación:

Por favor, compruebe que ha seleccionado una respuesta para cada componente
Muchas gracias!!!

2. Mi evaluación de la calidad de la imagen (resolución, luminancia, color, nitidez, contraste, profundidad de la 
escena, fluidez...) del contenido presentado, en una escala del 0 al 10, es:

3. Mi evaluación de la calidad del audio (claridad, naturalidad, riqueza, agudeza y suavidad) del contenido 
presentado, en una escala del 0 al 10, es:

5. Mi evaluación de la calidad de la interacción con objetos 3D insertados en la escena de vídeo, en una escala 
del 0 al 10,  es la siguiente:

6. Mi evaluación de la calidad de la interacción con información adicional utilizando la Tablet, en una escala del 
0 al 10, es la siguiente:
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APPENDIX III RECRUITING E-MAIL AND 
EXPLANATION GIVEN TO PARTICIPANTS 

III.I Recruiting e-mail 
The participants were recruited via e-mail. We e-mailed our collegaues at several re-
search centers and departments at the Technical University of Madrid asking for volun-
teers to participate in the experiment. We raffled off a Tablet PC among all the partici-
pants as incentive. The recruiting e-mail reads as follows: 

------------------------------ 

Dear colleague, 

During the last two years our VR Group at CeDInt has collaborated with other entities 
in a R&D project called ‘ImmersiveTV’. The project focuses on the creation of new 
immersive and interactive solutions aimed at complementing the media content with 
meaningful effects and/or functionalities.  

The ImmersiveTV consortium has implemented an experimental setup integrating some 
of the immersive and interactive components considered in the project. Now we focus 
our efforts on analyzing the potential effect (either positive or negative, if any) of these 
components on the user experience. To that end we have designed a user experiment 
aimed at revealing how these components are perceived by the user in the light of 
his/her personal characteristics.  

The purpose of this e-mail is to ask for volunteers to participate in the study. The exper-
iment will take place in the ‘Demos’ Lab during the next two weeks. Volunteers will be 
exposed to the ‘enhanced’ media content and will be asked to valuate the experience on 
an individual basis according to his/her perception of it. 

Should you be able to participate please contact me for further details on next steps. 

Thank you in advance for your collaboration. 

Best regards, 

The ImmersiveTV team. 

PS: A Tablet PC will be raffled off among all the participants in the experiment. 

III.II Explanation given to participants 
In the laboratory, before initiating the experiment, we explained the general goals of the 
experiment and the procedure to be followed, as follows: 

Goals: The goal of this experiment is to analyze the potential effect (either positive or 
negative, if any) of a set of immersive and interactive components on the user experi-
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ence with media. In particular, we aim to study how these elements are perceived by the 
user in the light of his/her individual characteristics. Therefore, this experiment is not 
intended to validate the specific solution implemented in our test bed but to inform fu-
ture research and development works on the use of these immersive and interactive 
components to complement the audiovisual content.  

Procedure: The experiment comprises two sessions in which you will watch a report of 
the first and second parts of a football match between the F.C. Barcelona and Real Ma-
drid C.F.  At each session, different immersive and interactive components can be acti-
vated. We do not expect you to be particularly alert to these effects. On the contrary, we 
would ask you to relax and enjoy the experience as you would do in your living room.  

After each session you will be asked to report on the experience using a questionnaire. 
Considering the previously mentioned goals we would like to ask you to be as faithful 
as possible to your individual perception of the experience in your answers to these 
questionnaires.  

After this explanation, the participant was invited to formulate any question he/she may 
have and the issues raised were clarified at the same “general” level (i.e. without reveal-
ing further details on the content or the specific immersive/interactive components in-
troduced). 
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APPENDIX IV – SAMPLE AND DATA 

IV.I Chi-squared tests on the exposure to immersive and interactive components 
We conducted chi-squared tests to examine if there is a relationship between the cate-
gorical variables encoding the absence/presence of the immersive and interactive com-
ponents to be valuated (i.e. BA/SE and I3D/ITab respectively). Our aim was to verify if, 
as expected, our experimental configuration resulted in uncorrelated immersion and in-
teraction dimensions. The tests were executed using the command tabulate var1 var2, 
chi2 in STATA12. 

 

          Pearson chi2(1) =   0.5430   Pr = 0.461

     Total          59         35          94 

                                             

         1          23         11          34 

         0          36         24          60 

                                             

    abs_ba           0          1       Total

                    abs_i3d

 
 

          Pearson chi2(1) =   1.8177   Pr = 0.178

     Total          66         28          94 

                                             

         1          21         13          34 

         0          45         15          60 

                                             

    abs_ba           0          1       Total

                   abs_itab
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          Pearson chi2(1) =   0.2387   Pr = 0.625

     Total          59         35          94 

                                             

         1          19         13          32 

         0          40         22          62 

                                             

    abs_se           0          1       Total

                    abs_i3d

 

          Pearson chi2(1) =   0.5316   Pr = 0.466

     Total          66         28          94 

                                             

         1          24          8          32 

         0          42         20          62 

                                             

    abs_se           0          1       Total

                   abs_itab

 
The results indicate that being exposed to a given immersive component is statistically 
independent from being exposed to a specific interactive component (at p<0.05), and 
viceversa.   

IV.II Multivariate analysis on the quantitative independent variables 
The following Table shows the results of a multivariate (Pearson’s correlations) analysis 
on the quantitative independent variables considered in our experiment. The aim of this 
analysis was to reveal possible interactions between the affective, cognitive, and behav-
ioural factors used to characterize the individuals in our study and, to identify highly 
correlated variables that could potentially hinder the soundness of the statistical analysis 
to be conducted. 
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Table IV.II Pearson product-moment correlation coefficients, p-values and number of pairs used for calculation corresponding to a 
multivariate analysis on the independent variables measuring participants’ characteristics 
 Lfoot Fview KTech ITQ_Emot ITQ_Absor BFI_Extrav BFI_Agr BFI_Consc BFI_Neurot 

Fview 0.7464***         
 (0.0000)         

KTech -0.0991 0.1024        
 (0.3418) (0.3262)        

ITQ_Emot -0.0957 0.0171 -0.0948       
 (0.3591) (0.8704) (0.3633)       

ITQ_Absor 0.1301 0.1642 0.0180 0.0592      
 (0.2115) (0.1138) (0.8630) (0.5711)      

BFI_Extrav 0.2653*** 0.1222 0.0679 -0.3265*** 0.0308     
 (0.0097) (0.2407) (0.5157) (0.0013) (0.7684)     

BFI_Agr 0.0267 0.0987 0.0599 -0.1330 0.0030 -0.0382    
 (0.7987) (0.3437) (0.5662) (0.2014) (0.9772) (0.7144)    

BFI_Consc -0.0972 0.0575 -0.1091 -0.2688*** 0.0181 -0.1271 0.1852*   
 (0.3516) (0.5821) (0.2954) (0.0088) (0.8625) (0.2223) (0.0739)   

BFI_Neurot 0.0567 -0.0399 -0.2839*** 0.1710* -0.0511 0.2703*** -0.0534 0.0172  
 (0.5875) (0.7026) (0.0056) (0.0993) (0.6250) (0.0084) (0.6090) (0.8690)  

BFI_Open 0.0728 -0.1580 -0.2076** -0.0509 0.0678 0.1309 -0.2839*** 0.0074 0.0569 
 (0.4854) (0.1284) (0.0447) (0.6258) (0.5160) (0.2087) (0.0056) (0.9437) (0.5858) 

N 94 94 94 94 94 94 94 94 94 

Note: This table shows the results for a multivariate analysis on the quantitative independent variables registering personal characteristics of the indi-
viduals involved in the experiment. For each combination of variables, it presents the Pearson product-moment correlation coefficient and the p-value 
computed (in parenthesis). The Pearson product-moment correlation coefficients measure the strength of the linear relationship between each pair of 
variables. The number of pairs used for calculation is shown in the last row. ** indicates significance at 5% and *** indicates significance at 1% level. 
See text for details.  
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