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ABSTRACT

Audiovisual perception has been traditionally addressed from social,
psychological, semiotic, and anthropological perspectives. In the recent years, a novel
approach from neuroscience has raised. Under the field of neurocinematics,
neuroscience techniques are used to understand the brain processes underlying the
perception of audiovisual content. This Doctoral Thesis studies these processes under
three main perspectives: (1) finding differences in perceiving a narrative content in a
real performance or on a screen; (2) learning how the style and the content of
audiovisual works affect viewers’ perception; and (3) determining if media
professionalization has an impact on visual perception. With electroencephalographic
and electrooculographic techniques, eyeblinks and electrical brain activity were
recorded from participants. The main findings from these works are the following.
Regarding the first perspective, differences in perceiving reality and performance were
found. A narrative content in a video provokes a lower eyeblink rate of viewers
compared with the same content within a real performance. Regarding the second
perspective related to the style and the content of audiovisual works, it was found that:
(i) eyeblink rate of viewers changes depending on the style of edition of audiovisual
works, the more chaotic the style, the lower eyeblink rate; (ii) cuts inhibit eyeblinks
immediately after them, avoiding the possibility of working in a synchronization of cuts
with eyeblinks to avoid the loss of visual information made by both processes; (iii) cuts
affect media perception and provoke a potential spread of activity from occipital areas
to frontal areas of the brain at around 200 ms after the cut; (iv) the style of edition where
cuts are inserted has an impact on viewers’ decoding and chaotic and fast audiovisuals
increase attentional scope but decrease superior cognitive processing; (v) there are
specific narrative content that synchronizes increases and decreases of viewers’
eyeblink rate, regardless the style of edition in which they are presented; and (vi) cuts
in audiovisuals do not provoke any specific asymmetrical brain activity in the alpha band
in viewers, suggesting that brain asymmetry when watching audiovisuals may be more
related with narrative content than with formal style. Finally, regarding the third
perspective related to media professionalization, it was found that: (i) media

professionals pay higher attention to both screens and the real world than non-media
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professionals do; (ii) media professionals decrease more their blink rate after the cuts,
suggesting that they can better manage the loss of visual information that blinks entail
by sparing them when new visual information is being presented; and (iii) effective brain
connectivity occurs in a more organized way in media professionals. In conclusion,
audiovisuals modulate visual perception of viewers, based on several parameters, such
as style, content, and professionalization. Learning about brain processes underlying the
perception of audiovisual content can be useful in multiple areas as the communication,

the clinical, or the training, among others.
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RESUMEN

La percepcion audiovisual ha sido tradicionalmente abordada desde perspectivas
sociales, psicoldgicas, semidticas y antropoldgicas. En los uUltimos afios ha surgido un
enfoque novedoso desde la neurociencia. En el campo de la neurocinematica, las
técnicas de la neurociencia se utilizan para comprender los procesos cerebrales que
subyacen a la percepcion del contenido audiovisual. Esta Tesis Doctoral estudia estos
procesos bajo tres perspectivas principales: (1) encontrar diferencias en la percepcion
de un contenido narrativo en una representacion real o en una pantalla; (2) aprender
como el estilo y el contenido de las obras audiovisuales afectan a la percepcién de los
espectadores; y (3) determinar si la profesionalizacion en los medios tiene un impacto
en la percepcion visual. Con técnicas electroencefalograficas y electrooculograficas, se
registraron los parpadeos y la actividad eléctrica cerebral de los participantes. Los
principales hallazgos de estos trabajos son los siguientes. En cuanto a la primera
perspectiva, se encontraron diferencias en la percepcién de la realidad y el audiovisual.
Un contenido narrativo en un video provoca una menor tasa de parpadeo de los
espectadores en comparacion con el mismo contenido dentro de una actuacién real. En
cuanto a la segunda perspectiva relacionada con el estilo y el contenido de las obras
audiovisuales, se encontré que: (i) la tasa de parpadeo de los espectadores cambia
segun el estilo de montaje de las obras audiovisuales, cuanto mas cadtico el estilo,
menor la tasa de parpadeo; (ii) los cortes de plano inhiben los parpadeos
inmediatamente posteriores a ellos, evitando la posibilidad de trabajar en una
sincronizacion de cortes con parpadeos para evitar la pérdida de informacidon visual
realizada por ambos procesos; (iii) los cortes de plano afectan la percepcién de los
medios y provocan una posible propagacion de la actividad desde las areas occipitales
hacia las areas frontales del cerebro alrededor de 200 ms después del corte; (iv) el estilo
de edicién donde se insertan los cortes tiene un impacto en la decodificacién de los
espectadores y los audiovisuales cadticos y rapidos aumentan el alcance atencional pero
disminuyen el procesamiento cognitivo superior; (v) existen contenidos narrativos
especificos que sincronizan aumentos y disminuciones de la tasa de parpadeo de los
espectadores, independientemente del estilo de edicién en que se presenten; y (vi) los

cortes en los audiovisuales no provocan ninguna actividad cerebral asimétrica especifica
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en la banda alfa en los espectadores, lo que sugiere que la asimetria cerebral al ver
audiovisuales puede estar mas relacionada con el contenido narrativo que con el estilo
formal. Finalmente, con respecto a la tercera perspectiva relacionada con la
profesionalizacién de los medios, se encontrd que: (i) los profesionales de los medios
prestan mas atencion tanto a las pantallas como al mundo real que los que no son
profesionales audiovisuales; (ii) los profesionales de los medios disminuyen mas su tasa
de parpadeo después de los cortes de plano, lo que sugiere que pueden manejar mejor
la pérdida de informacidn visual que implican los parpadeos evitandolos cuando se
presenta nueva informacidn visual; y (iii) la conectividad cerebral efectiva ocurre de una
manera mas organizada en los profesionales del audiovisual. En conclusion, los
audiovisuales modulan la percepcidn visual de los espectadores, en funcién de varios
pardmetros como el estilo, el contenido y la profesionalizacidon. Conocer los procesos
cerebrales que subyacen a la percepcién de contenidos audiovisuales puede ser util en

multiples ambitos como el comunicativo, el clinico o el formativo, entre otros.
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Introduction

This Compendium Thesis studies the brain processes that underlie the perception of
audiovisual content. It consists of six scientific publications, all of which correspond to
articles in journals indexed within the Journal Citation Reports (JCR), of which | am the

first author and the corresponding author.

All the publications presented here have the common purpose of learning more about
what happens in the brains of viewers when they are consuming audiovisual content.
Among the perspectives addressed by the six publications, we can distinguish three: (1)
the study of the difference of perceiving a narrative content within a real performance
or on screen; (2) the study of the perception of audiovisuals based on the formal style
and the narrative contents of the audiovisual works; and (3) the study of the impact that

audiovisuals can have on media professionals.

The interest in investigating the brain processes that underlie the perception of
audiovisual works is threefold. In the first place, it is relevant in the field of
communication sciences to have solid tools on the perceptual effects that audiovisual
creations have on their viewers. In this way, it seems possible to pursue greater
effectiveness in terms, for example, of attention, of audiovisual works. That is, a
screenwriter, a director, or an editor, beyond working based on their own experience
and psychological and sociological studies on the perception of audiovisual works, can
count on results from neuroscience. These can be very useful when designing and

managing these types of works.

Secondly, given that the consumption of audiovisuals has been growing in recent
decades, studying the impact it has on media professionals (who have been working for
many years on a daily basis with the creation and consumption of audiovisuals, as well
as decision-making associated with them) is interesting for several reasons. On the one
hand, it is interesting to know the impact that audiovisuals can have on their

professionals for occupational health reasons. On the other hand, the professionalizing
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Introduction

effect of audiovisual consumption complements previous studies on the brain effects of
other professions (such as musicians, athletes, taxi drivers, etc.). And, no less important,
it is intuited that knowing the impact of audiovisual professionalization on brain
processes can be applied to training and attention management diagnoses (or other
variables) in the clinical setting, in environments in which perceptual processes are seen

altered or deteriorated.

Thirdly, there is an increasing number of studies, in the field of neuroscience and
psychology, using audiovisual works as stimuli to address certain objectives. The
selection and/or elaboration of the audiovisual stimuli for these investigations is
developed based on, mostly, logical criteria of the researchers. However, it would be
good to be able to count on a bulk of scientific evidence that would determine for this
type of researchers the impact of, for example, putting a cut, or making the protagonist
of the narrative disappear from the scene. For this reason, | consider that the work
carried out to understand the brain processes that underlie the perception of
audiovisual content can be of great relevance for other researchers interested in using

audiovisual content as a stimulus.

Below, the reader can find a brief theoretical framework about the Thesis, followed by
the research hypothesis and objectives that encompass the papers presented.
Afterwards, a summary of the materials and methods used in the works is presented.
And then, a brief reference to the six scientific publications, their main results and their
correlation with the highlighted objectives are shown. Next, the discussion section is
addressed, highlighting some ideas of the selected works, as well as a global view of the
connection between them. Finally, future research is presented that, being linked to
these works, can show direct applications that are already being worked on. The six

scientific publications can be found in the Appendix section of this document.
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Theoretical framework

The presented works within this Doctoral Thesis are framed in the neurocinematics, as
well as in the study of brain effects of professionalization. Find a brief approximation

below.

2.1. Neurocinematics

The study of the moving image using neuroscientific tools dates back to the 1950s. By
that time, a group of neuroscientists analysed changes in the electrical brain activity of
people while watching audiovisual contents (Cohen-Séat, Gastaut, & Bert, 1954; Gastaut
& Bert, 1954). In a very innovative approach, researchers distinguished the effects of
movies projections on the electrical brain activity of the viewers, based on the areas of
the brain and the narrative contents of the presented films. They found a relation of a
block of a brain rhythm, named as rhythm “en arceau” (in arch), with the image of boxers
in action (Cohen-Séat et al., 1954). Today, we think that this rhythm that they described
can be the known as mu rhythm (8-13 Hz) that has been correlated with motor activity,
empathy and the mirror neuron system (Pineda, 2005). Despite this early junction, for
decades, neuroscience and communication studies have not worked together. While
neuroscience has been very dedicated to basic and clinical research, communication
studies have not relied on neuroscientific tools to learn how the communication

processes are made.

However, by the beginning of XXIst century, some works started to use neuroscientific
tools to approach communication processes and strategies again. For instance, in 2004,
an investigation studied that the neural correlates of behavioural preference for
culturally familiar drinks as Coca-Cola® and Pepsi® was published in the journal Neuron
(McClure et al., 2004). And also by that time, a group of neuroscientists from Israel, led
by Uri Hasson, published in Science the study of the brain activity of viewers while
perceiving a film (Hasson, Nir, Levy, Fuhrmann, & Malach, 2004). They found an
intersubject synchronization of cortical activity during natural vision of a movie. A few

years after, in 2008, Uri Hasson and colleagues (Hasson, Landesman, et al., 2008), based
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Theoretical framework

in this publication, coined the term neurocinematics in a social sciences journal named
Projections. They proposed this as a new interdisciplinary field of study, joining cognitive
neuroscience and film studies. The appearance of this research with the title
‘Neurocinematics: The Neuroscience of Film’ in a journal of film theory marks a turning
point for transdisciplinary neuroscientific work with the film studies, with new tools for
studying different aspects of films and filmmaking (Hasson, Landesman, et al., 2008).
Although there has been criticisms, neurocinematics is a very productive pathway for
neuroscience and understanding of perception in the brain (Poulaki, 2014). During the
last couple of decades, various works have studied brain activity of viewers, regardless
they have explicitly talked about neurocinematics term or not. And, while several
authors from Social Sciences have paid attention to the term and the interdisciplinary
proposal of research (Poulaki, 2014), researchers from a more Natural Science
perspective have also shown interest in approaching the neurocinematics challenges

(Cha, Chang, Shin, Jang, & Im, 2015).

2.2. Registration techniques used for studying cognitive processes when watching

audiovisual contents

There are available different techniques used for registering brain activity and detecting

brain patterns of viewers when watching audiovisuals.

One way to study visual perception patterns when watching audiovisuals is through
hemodynamic responses with functional magnetic resonance imaging (fMRI). This
approach has given some interesting results already. Narrative segmentation in films
rises a neural cascade that is perceived as the boundary between two events (Zacks,
Speer, Swallow, & Maley, 2010). Also, the social perspective-taking with which a
narrative is presented to viewers modulates brain activity (Bacha-Trams, Ryyppo,
Glerean, Sams, & Jaaskeldinen, 2020). One of the most relevant approach in
neurocinematics has been through intersubject correlation analysis (ISC) with fMRI
(Hasson, Furman, Clark, Dudai, & Davachi, 2008; Hasson et al., 2004; Kauppi,

Jaaskeldinen, Sams, & Tohka, 2010). The idea is to measure the effectiveness and
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Theoretical framework

overlap of the film’s cognitive and perceptual emotional effects on viewers. Through an
analysis of the correlation between subjects, the spatiotemporal similarities of the
responses of spectators’ brains are studied. For instance, it has been found that
suspense in narratives increases dynamic ISC of viewers (Schmalzle & Grall, 2020)
proving that content in film can manage audience brain responses collectively. This ISC
proposed analysis method has been compared with the traditional General Linear
Model (GLM), obtaining that ISC offers results very similar to those of traditional fMRI
analysis but that facilitate the application in situations that, until now, could not be
analysed (Jaaskeldinen et al., 2016; Pajula, Kauppi, & Tohka, 2012). This fact has caused
Hasson’s team to be widely recognized for their contribution to the union of

neuroscience with film research.

Cognitive processes when watching audiovisual works can also be approached from an
electrophysiological activity, with the help of electroencephalography (EEG). It is
commonly addressed by analysing the event-related potentials and frequency bands’
activity with electrical brain analysis of viewers (Cochin, Barthelemy, Lejeune, Roux, &
Martineau, 1998; Makeig & Onton, 2009; Poulsen, Kamronn, Dmochowski, Parra, &
Hansen, 2016). The idea consists in presenting audiovisual events to viewers and
analysing the brain reactions to the structural features of an audiovisual message,
studying stimulus-evoked neural responses. For instance, it has been studied that
related and unrelated cuts provoke different electrical brain signatures (Francuz &
Zabielska-Mendyk, 2013), while continuity edits and cuts-across the line also differ
(Heimann et al., 2016), showing that there may be different processing mechanisms
involved in processing movie cuts, depending on the narrative content of the shots. Also,
electrical brain synchronization among viewers has been detected during video

presentation (Poulsen et al., 2016).

Another way to approach viewers’ cognitive perception is through electrooculography
(EOQG) registering eyeblinks (Ponder & Kennedy, 1927). We blink around 15-20 times per
minute (Hall, 1945; Nakano, Kato, Morito, Itoi, & Kitazawa, 2013; Ousler et al., 2014).
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Blinking has a double function: it protects the cornea by wetting it (Doane, 1980) and it
manages attention (Recarte, Pérez, Conchillo, & Nunes, 2008). The higher the attention
and workload, the lower the eyeblink rate (Zheng et al., 2012). Eyeblinks hide visual
information for between 150-400 milliseconds (Shapiro & Raymond, 2008; Skotte,
Ngjgaard, Jgrgensen, Christensen, & Sjggaard, 2007; Stern, Boyer, & Schroeder, 1994;
VanderWerf, Brassinga, Reits, Aramideh, & Ongerboer de Visser, 2003). So, it is
important to decide which is the best moment to blink since visual information is going
to be lost (Bristow, Haynes, Sylvester, Frith, & Rees, 2005), also when watching movies.
Besides, to media editors it is of high interest to know how to predict when viewers are
going to blink. The moments of the blinks have been predicted to be the best ones to
insert cuts, since they are break points of the narrative and can have an impact on
viewers’ perception and comprehension (Murch, 1995). Thus, visual information loss
could be minimized. Synchronized blinks occur during scenes that require less attention
to understand, such as conclusions of actions, absences of main character, or repeated
presentations of similar scenes, while there is not such synchronization when watching
a background video of landscapes or tropical fishes with no narrative on it (Nakano,
Yamamoto, Kitajo, Takahashi, & Kitazawa, 2009). Blinks synchronization correlates with
the interest level of the watched narrative content, which suggests that blink
synchronization is an involuntary index to assess a person’s interest (Nakano & Miyazaki,

2019).

2.3. Perception of screens versus reality

We perceive reality making constant low-level sensory predictions about what we
expect to see, hear, and feel. Correct predictions result in understanding, while incorrect
ones result in confusion and prompt us to pay attention (Hawkins & Blakeslee, 2004).
But since reality is dynamic and plenty of events, we are being constantly challenged. A
famous study that tested participants to watch a video with people passing basketballs
around, while a person wearing a gorilla costume walked around the scene, showed that
the likelihood of noticing an unexpected object depends on the similarity of that object
to others in the display and on how difficult the task being performed is (Simons &

Chabris, 1999). We know there is a network of brain regions (including a larger bilateral
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region in posterior cortex and smaller region in right frontal cortex) tuned to
perceptually salient event boundaries, this network of cortical areas show task-
independent transient changes in activity correlated with perceptual segmentation
(Zzacks et al., 2001). But, while reality may or may not have events that interrupt

continuity, films have cuts that constantly interrupt it.

Today, we are surrounded by screens and the average time that people spend per day
watching screens (TV, tablets, smart phones, PC, multimedia devices, video game
consoles,...) has recently increased (Nielsen, 2016a, 2016b). Several studies have proven
that watching screens has an effect on people (Rosenfield, Jahan, Nunez, & Chan, 2015;
Van Cauwenberge, Schaap, & Van Roy, 2014), especially in children (Sigman, 2012). It
has been studied how screens affect viewers’ eyeblink rate (Cardona, Gémez, Quevedo,
& Gispets, 2014; Skotte et al., 2007). And despite people can clearly distinguish between
what is reality and drama on the screen, and we do not call the police when a murder
happens in a movie (Carroll & Seeley, 2013), we know little about differences in
perceiving the very same narrative content in a live performance or on a screened

representation.

2.4. Cognitive processing of content and style in audiovisuals

Audiovisuals are plenty of narratives that conform the content and of formal events that
conform the style. Those content and style-related elements have an impact on viewers’
perception. Regarding the style, cuts are events that always present new visual
information. They involve spatial, temporal, and action narrative changes. It has been
reported a decrease of eye movements following a cut, followed by an increase 200-400
ms after it (D’Ydewalle, Desmet, & Van Rensbergen, 1998; D’Ydewalle & Vanderbeeken,
1990). And there seems to be a mechanism for controlling timing of blinks to minimize
the chance of losing critical information while viewing visual events. The visual
perception of new visual information in natural scenes activate primary visual zones for
brain processing (Thorpe, Fize, & Marlot, 1996), with a progression of the activity from

the occipital to the frontal areas, as in other visual processing (Hegdé, 2008). However,
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the consistency of the narrative in films overrules the effects of cuts in transitions
(Germeys & D’Ydewalle, 2007). And despite the discontinuity that cuts present,
narratives in films are comprehensible for viewers even if they have not experienced
media content before (Schwan & lldirar, 2010). The known as ‘edit blindness effect’ may
be also related to this. Edit blindness is a phenomenon according to which viewers
hardly are aware of changes derived from film editing (Smith & Henderson, 2008).
Besides, regarding the narrative, while some scripted actions manage viewers’
attention, videos without any story do not synchronize viewers’ eyeblink rate (Nakano
et al., 2009). This management of the attention made by the narrative content of video

stories seems to be done in an unconsciously, but commonly, way.

2.5. Brain effects of professionalization

Expertise and professionalization require a long-time training. With experience, a
person gains the ability to visualize tasks in a more effective way and expert performers
no longer rely on analytic principles to understand a situation (Klein & Hoffman, 1993).
Professionalization’s effects have been studied in several areas of interest. For instance,
it has been studied that professional athletes have a great ability to learn how to process
complex dynamic visual scenes (Faubert, 2013). Looking at people dancing has different
effects on dancers compared with non-dancers (Orgs, Dombrowski, Heil, & Jansen-
Osmann, 2008), proving the impact of the expertise in dancing. Expertise in baseball also
provokes different brain activity in motor learning tasks (Muraskin et al., 2016). Taxi
drivers show navigation-related structural brain changes in hippocampi (Maguire et al.,
2000; Maguire, Woollett, & Spiers, 2006). Also, several correlations in cognitive
processing and expertise have been found in aesthetics (Kirk, Skov, Schram Christensen,
& Nygaard, 2008) and music (Gaser & Schlaug, 2003; Lotze, Scheler, Tan, Braun, &

Birbaumer, 2003; Paraskevopoulos, Kraneburg, Herholz, Bamidis, & Pantev, 2015).

According to these studies, developing a task repeatedly steady during an extended
period, as professionals do, changes cognitive processing of developing that specific task

or of looking at others doing it. It has also been proven that this can provoke structural
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Theoretical framework

changes in the brain, as in the mentioned case of taxi drivers. In a society where media
consumption has dramatically increased during the last years, learning the impact that
audiovisual professionalization can have on people is of interest. It can reveal not only
interesting information for media professionals, but also for the great demanding

society of the screens.

From this framework, this Thesis has one hypothesis and five investigation objectives,

presented in the next section.
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Objectives and hypothesis

The main hypothesis of the present study is that formal, stylistic, and narrative
characteristics of audiovisual content have different, significant, and neuroscientifically
measurable impact in viewers’ perception. In the junction of audiovisual communication
research and neurosciences, this Thesis responds to a general research objective and

five specific ones. These are pursued along the six publications that make up this work.

As a general research objective, this Thesis aims to find brain processes underlying the
perception of audiovisual content. Using neuroscientific techniques, this Thesis wants
to understand cognitive processes of viewers looking at video content. This general goal

is address in all six publications.

Besides, five specific research objectives are addressed:

e Objective 1. To find out if there are differences in cognitive processing between
watching a narrative through the screen or in a real performance.
This objective is addressed in the Publication 1 (Andreu-Sanchez et al. 2017, PLoS
ONE).

e Objective 2. To determine if the style of the audiovisual editing has any kind of
impact on the cognitive processing of the viewers.
This objective is addressed in the Publications 2 (Andreu-Sanchez et al. 2017,

Scientific Reports) and 3 (Andreu-Sanchez et al. 2018, Neuroscience).

e Objective 3. To determine what type of modulation in the cognitive activity of
the viewers causes the cut in audiovisuals.
This objective is addressed in the Publications 3 (Andreu-Sanchez et al. 2018,

Neuroscience) and 6 (Andreu-Sanchez et al. 2022, Symmetry).
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Objective 4. To find out if there is narrative content that, regardless of editing
style, synchronizes the viewers' blink rate.
This objective is addressed in the Publication 4 (Andreu-Sanchez et al. 2021,

Brain Sciences).

Objective 5. To find out if there are perceptual differences between media
professionals and non-media professionals.

This objective is addressed in the Publications 1 (Andreu-Sanchez et al. 2017,
PLoS ONE), 2 (Andreu-Sanchez et al. 2017, Scientific Reports) and 5 (Andreu-

Sanchez et al. 2021, Frontiers in Systems Neuroscience).
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4. MATERIALS AND METHODS
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Each one of the six presented publications presented for this Compendium Thesis has
its own methods section. Here, | am presenting a summary of some common materials
and methods elements. Find detailed information about methods in each paper

(available in the Appendix section).

4.1. Data acquisition

The interest of these works was to register brain activity and ocular activity of
participants. To do so, we used electroencephalography (EEG) and electrooculography
(EOG) systems. We used a Enobio 20 device from the brand Neuroelectrics (Barcelona,
Spain), with 20 electrodes. We used the International 10/20 system to locate the
electrodes in the scalp of participants [O1, 02, P7, P3, Pz, P4, P8, T7, C3, Cz, C4, T8, F7,
F3, Fz, F4, F8, Fpl, Fp2, and an external electrode used for electrooculogram (EOG)
recording] referenced to electronically linked mastoid electrodes (Figures 1 and 2)

(Martin-Pascual, Andreu-Sanchez, Delgado-Garcia, & Gruart, 2018).

The EOG electrode was positioned vertically at the infraorbital ridge and the lower outer
canthus of the left eye and was used to monitor eyeblinks. Data were sampled at 500Hz.
In order to have a good quality of EEG signal, participants were asked to wash their hair
before attending the session and to avoid any chemical product (such as a hair spray or
similar) on it. An HD-video camera (Sony HDR- GW55VE, Sony Corporation Espafia,
Barcelona, Spain) recorded at 25 frames/s participants’ faces with a close-up for
contrasting their eye movements and eyeblinks during the analysis of the eyeblink rate

(Figure 3).
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Figure 1. (A) Location of electrodes used in the works, following a 10/20 system. (B) Electrodes
and EEG device used for the experiments (Enobio, Neuroelectrics).

Figure 2. A participant to whom | am putting the EEG cap in the lab.
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Figure 3. A participant watching at the visual presentation of a screened stimulus, while his face
is being recorded with a frontal HD-video camera, for contrasting purposes in the eyeblink
counting.

To manage all the devices while the data acquisition, we developed a connections map

and evaluated it to make sure all the devices were properly synchronized.

4.2. Experimental stimuli

All presented stimuli were created ad-hoc in our lab for the investigations. Based on the
independent variables of interest, we created the stimuli. Basically, we presented videos
(scripted, recorded and edited by ourselves) and a real performance (scripted and
played by ourselves) played for each participant. The reason to create ad-hoc stimuli
was precisely for having a high control of the elements presented to the participants
and being capable of clearly distinguish and compare the independent variables of
interest for the different analysis. Stimuli were always randomly presented to

participants to avoid neural habituation to the stimulus (Sternberg, 2009).
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4.3. Experimental set-up

Data were registered in an experimental set-up, developed in Barcelona (Figure 4). The
set-up consisted in different areas with their own purposes. There was an area for the
participant, where he could look at the presented stimuli while seated in a chair. There
was an area for the researchers, where we could have access to the continuous data
that was being registered and to all the technical apparatus presenting the stimuli,
registering the data, and synchronizing all the computers used. We made a black
structure that involved participant’s area for helping participants to concentrate in the
tasks of looking at the stimuli. This black structure had a hole in the middle of the frontal
area with a clear purpose: to put the screen when video-stimulus was presented and to
put it away when a performance was played. When the screen was put in the thole,
video-stimuli were presented, when the screen was put away, the hole showed the
performance area framed in the black structure, allowing the participant to concentrate

just in the real performance without seeing other non-stage elements from the room.

Black structure to help participants’
concentration to do the tasks. Note the hole
in the frontal area of the black structure to
put the screen for video-stimuli and get rid
of it for performance-stimuli

Screen where
video-stimuli were
presented

Performance area

\t Researchers’ area

Participants’ area for
data acquisition of
participant’s brain activity

Figure 4. Experimental set-up design for the research works.

4.4, Ethics statement

Experiments were conducted following guidelines, procedures, and regulations for

human research of the University Autonoma de Barcelona and approved by its Ethics
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Commission for Research with Animals and Humans (CEEAH), meeting all applicable

standards for the ethics of experimentation and research integrity. All participants gave

prior written informed consent to participate.

4.5. Data analysis

Data were analysed following different variables of interest. These are the most

important that can be found in the different works:

SBR, spontaneous blink rate. We analysed SBRs of participants while looking at
the stimuli, based on different independent variables like cuts or style of edition
of the video-stimuli. SBR indicate cognitive state variables and attentional
resources for visual processing images (Stern, Walrath, & Goldstein, 1984).

ERP, event-related potential. We studied ERPs for brain activity corresponded to
some events (or independent variables) of interest. ERPs indicate changes in
electrical brain activity in response to stimulus (Sternberg, 2009).

ERSP, event-related spectrum perturbances. We analysed ERSPs of participants
for brain activity study of brain frequencies. ERSPs indicate time-frequency
transforms of EEG epochs time locked to experimental events, measuring event-
related modulation of EEG amplitude at a range of frequencies and time scales
of interest (Makeig & Jung, 1996).

Power spectra. In the works, we analysed different power bands (or rhythms)
based on previous literature related to each of the variables and objectives in
each study. Power spectra of epochs of electrical fields represent membrane
voltage fluctuations of millions of neurons recorded by scalp electrodes that can
be analysed in a brain-behaviour relations perspective (Buzsaki, 2006).

PLV, phase-locking value. We studied PLV for functional brain connectivity of
participants. PLV detects synchrony in a precise frequency range between two
recording sites (Lachaux, Rodriguez, Martinerie, & Varela, 1999).

GC, Granger causality. We studied GC for effective brain connectivity of
participants. GC stands that for two simultaneously measured signals, if one can

predict the first signal better by incorporating the information from the second
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signal, then the second signal can be called causal to the first (Granger, 1969;
Niso et al., 2013; Wiener, 1956).

e Brain asymmetry. In one of the papers, we approached brain asymmetry in
viewers when watching brand-new visual content that follows cuts in movies. To
do so, we compared brain activity in both hemispheres of viewers computing the
natural-log transformed power at homologous sites of the brain (Davidson,

1992; Mathewson et al., 2015).

4.6. Software

We used several software and plug-ins for developing the presented research. These are

the most important ones:

e ADJUST plug-in (Mognon, Jovicich, Bruzzone, & Buiatti, 2010) for EEGLAB for
artifact detection in the EEG.

« Adobe Premiere Pro (Adobe Inc., Mountain View, CA, USA) for editing the video
stimuli.

« Brainstorm (Brainstorm, University of Southern California, Los Angeles, CA, USA),
running on MATLAB, for isolating and analysing participants’ eyeblinks.

e DIPFIT plug-in (Oostenveld & Oostendorp, 2002) for EEGLAB for source location
in the EEG.

e EEGLAB (Delorme & Makeig, 2004), running on MATLAB, for cleaning and
analysing the EEG datasets.

« HERMES (Niso et al., 2013), running on MATLAB, for analysing brain connectivity.

e MATLAB (The Mathworks Inc., Natick, MA, USA) for analysing the data and
running other software programs like EEGLAB, Brainstorm and HERMES.

e NIC (Neuroelectrics, Barcelona, Spain) for recording the EEG and EOG activity
from participants.

e Paradigm Stimulus Presentation (Perception Research System Incorporated,
Laurence, KS, USA) for presentation of the stimuli and synchronization of those
with the EEG recording system.

« Sigmaplot (Systat Software Inc., San José, CA, USA) for statistical analysis.
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List of publications and main results

The six publications contributed for this Thesis by compendium are included in the

Appendix section of this work and presented below:

Publication 1 — PLoS ONE
Andreu-Sanchez, C., Martin-Pascual, M.A., Gruart, A. & Delgado-Garcia, J.M.

(2017). Looking at reality versus watching screens: Media professionalization
effects on the spontaneous eyeblink rate. PLoS ONE, 12(5): e0176030.

doi: 10.1371/journal.pone.0176030

Journal Impact Factor (in 2017): 2.776 (Q1 — Multidisciplinary Sciences)

Journal Impact Factor (in 2021): 3.752 (Q2 — Multidisciplinary Sciences)

Abstract

This article explores whether there are differences in visual perception of
narrative between theatrical performances and screens, and whether media
professionalization affects visual perception. We created a live theatrical
stimulus and three audio-visual stimuli (each one with a different video editing
style) having the same narrative, and displayed them randomly to participants
(20 media professionals and 20 non-media professionals). For media
professionals, watching movies on screens evoked a significantly lower
spontaneous blink rate (SBR) than looking at theatrical performances. Media
professionals presented a substantially lower SBR than non-media professionals
when watching screens, and more surprisingly, also when seeing reality.
According to our results, media professionals pay higher attention to both

screens and the real world than do non-media professionals.
Main results

o Consuming narratives on screens or in real performances provoke

differences in viewers’ eyeblink rate, with an inhibition in the first case.
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o There are differences in cognitive processing of a narrative content
depending if we are perceiving it by looking at a real representation or
watching it on a screen.

o The lower eyeblink rate while watching screens suggests that looking at
screens could have an impact on visual health of viewers due to that
decrease blinking avoiding the cornea to be moistened.

o Media professionals show a lower eyeblink rate compared with non-
media professionals watching audiovisuals and looking at real
performances, suggesting a better management of the loss of visual

information that blinks entail.

Publication 2 — Scientific Reports

Andreu-Sanchez, C., Martin-Pascual, M.A., Gruart, A. & Delgado-Garcia, J.M.

(2017). Eyeblink rate watching classical Hollywood and post-classical MTV
editing styles, in media and non-media professionals. Scientific Reports, 7:
43267.

doi: 10.1038/srep43267

Journal Impact Factor (in 2017): 4.122 (Q1 — Multidisciplinary Sciences)

Journal Impact Factor (in 2021): 4.997 (Q1 — Multidisciplinary Sciences)

Abstract

While movie edition creates a discontinuity in audio-visual works for narrative
and economy-of- storytelling reasons, eyeblink creates a discontinuity in visual
perception for protective and cognitive reasons. We were interested in analyzing
eyeblink rate linked to cinematographic edition styles. We created three video
stimuli with different editing styles and analyzed spontaneous blink rate in
participants (N = 40). We were also interested in looking for different perceptive
patterns in blink rate related to media professionalization. For that, of our
participants, half (n = 20) were media professionals, and the other half were not.
According to our results, MTV editing style inhibits eyeblinks more than

Hollywood style and one-shot style. More interestingly, we obtained differences
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in visual perception related to media professionalization: we found that media
professionals inhibit eyeblink rate substantially compared with non-media

professionals, in any style of audio-visual edition.

Main results
o The style of edition used for the editing of movies impacts on viewers
cognitive processing.
o The higher number of cuts an audiovisual work has, the lower eyeblink
rate the viewers present.
o Anorganized and classic style of edition as the Hollywood style decreases
viewers’ eyeblink rate compared with a chaotic and disorganized style of

edition as the MTV style.

Publication 3 — Neuroscience

Andreu-Sanchez, C., Martin-Pascual, M.A., Gruart, A. & Delgado-Garcia, J.M.

(2018). Chaotic and Fast Audiovisuals Increase Attentional Scope but Decrease
Conscious Processing. Neuroscience, 394: 83-97.

doi: 10.1016/j.neuroscience.2018.10.025

Journal Impact Factor (in 2018): 3.244 (Q2 — Neurosciences)

Journal Impact Factor (in 2021): 3.708 (Q3 — Neurosciences)

Abstract

Audiovisual cuts involve spatial, temporal, and action narrative leaps. They can
even change the meaning of the narrative through film editing. Many cuts are
not consciously perceived, others are, just as we perceive or not the changes in
real events. In this paper, we analyze the effects of cuts and different editing
styles on 36 subjects, using electroencephalographic (EEG) techniques and the
projection of stimuli with different audiovisual style of edition but the same
narrative. Eyeblinks, event-related potentials (ERPs), EEG spectral power and
disturbances, and the functional and effective connectivity before and after the

cuts were analyzed. Cuts decreased blink frequency in the first second following
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them. Cuts also caused an increase of the alpha rhythm, with a cortical evolution
from visual toward rostral areas. There were marked differences between a
video-clip editing style, with greater activities evoked in visual areas, and the
classic continuous style of editing, which presented greater activities in the
frontal zones. This was reflected by differences in the theta rhythm between 200
and 400 ms, in visual and frontal zones, and can be connected to the different
demands that each style of edition makes on working memory and conscious
processing after cutting. Also, at the time of cuts, the causality between visual,
somatosensory, and frontal networks is altered in any editing style. Our findings
suggest that cuts affect media perception and chaotic and fast audiovisuals

increase attentional scope but decrease conscious processing.

Main results
o Cuts inhibit viewers’ eyeblink rate during the following 1000 ms after
them.
o The brain activity after a cut depends on the style of edition of the
audiovisual work.
o Cutsin organized style of edition (Hollywood style) increase brain activity
in prefrontal areas compared with chaotic styles of edition (MTV style),

but activity in visual cortex is higher in the latter.

o Publication 4 — Brain Sciences

Andreu-Sanchez, C., Martin-Pascual, M.A., Gruart, A. & Delgado-Garcia, J.M.

(2021). Viewers Change Eye-Blink Rate by Predicting Narrative Content. Brain
Sciences, 11, 422.
doi: 10.3390/ brainsci11040422

Journal Impact Factor (in 2021): 3.333 (Q3 — Neurosciences)
Abstract

Eye blinks provoke a loss of visual information. However, we are not constantly

making conscious decisions about the appropriate moment to blink. The
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presence or absence of eye blinks also denotes levels of attention. We presented
three movies with the exact same narrative but different styles of editing and
recorded participants’ eye blinks. We found that moments of increased or
decreased eye blinks by viewers coincided with the same content in the different
movie styles. The moments of increased eye blinks corresponded to those when
the actor leaves the scene and when the movie repeats the same action for a
while. The moments of decreased eye blinks corresponded to actions where
visual information was crucial to proper understanding of the scene presented.
According to these results, viewers’ attention is more related to narrative

content than to the style of editing when watching movies.

Main results

o In audiovisuals, there are specific narrative actions in which viewers
increase or decrease their eyeblink rate based on the attentional level
that the narrative content presented needs to be decoded, regardless the
style of edition.

o Viewers decrease their eyeblink rate when the movie presents
unexpected actions, where visual information is crucial to understand the
content.

o Viewers increase their eyeblink rate when the character disappears from
scene or with repetitive actions.

o Inspecific narrative actions, viewers’ attention is more related to content

than to the style.

Publication 5 — Frontiers in Systems Neuroscience

Andreu-Sanchez, C., Martin-Pascual, M.A., Gruart, A. & Delgado-Garcia, J.M.

(2021). The Effect of Media Professionalization on Cognitive Neurodynamics
During Audiovisual Cuts. Frontiers in Systems Neuroscience, 15: 598383.
doi: 10.3389/fnsys.2021.598383

Journal Impact Factor (in 2021): 3.785 (Q3 — Neurosciences)
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Abstract

Experts apply their experience to the proper development of their routine
activities. Their acquired expertise or professionalization is expected to help in
the development of those recurring tasks. Media professionals spend their daily
work watching narrative contents on screens, so learning how they manage
visual perception of those contents could be of interest in an increasingly
audiovisual society. Media works require not only the understanding of the
storytelling, but also the decoding of the formal rules and presentations. We
recorded electroencephalographic (EEG) signals from 36 participants (18 media
professionals and 18 non-media professionals) while they were watching
audiovisual contents, and compared their eyeblink rate and their brain activity
and connectivity. We found that media professionals decreased their blink rate
after the cuts, suggesting that they can better manage the loss of visual
information that blinks entail by sparing them when new visual information is
being presented. Cuts triggered similar activation of basic brain processing in the
visual cortex of the two groups, but different processing in medial and frontal
cortical areas, where media professionals showed a lower activity. Effective
brain connectivity occurred in a more organized way in media professionals—
possibly due to a better communication between cortical areas that are

coordinated for decoding new visual content after cuts.

Main results

o Maedia professionals decrease their eyeblink rate significantly more than
non-media professionals after audiovisual cuts.

o There are cognitive processes, such as brain connectivity (effective and
functional) that differ between media and non-media professionals when

watching movies.
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Publication 6 — Symmetry

Andreu-Sanchez, C., Martin-Pascual, M.A., Gruart, A. & Delgado-Garcia, J.M.

(2022). Brain Symmetry in Alpha Band When Watching Cuts. Symmetry, 14:
1980.

doi: 10.3390/sym14101980

Journal Impact Factor (in 2021): 2.940 (Q2 — Multidisciplinary Sciences)

Abstract

The purpose of this study is to determine if there is asymmetry in the brain
activity between both hemispheres while watching cuts in movies. We presented
videos with cuts to 36 participants, registered electrical brain activity through
electroencephalography (EEG) and analyzed asymmetry in frontal,
somatomotor, temporal, parietal and occipital areas. EEG power and alpha (8-
13 Hz) asymmetry were analyzed based on 4032 epochs (112 epochs from videos
x 36 participants) in each hemisphere. On average, we found negative
asymmetry, indicating a greater alpha power in the left hemisphere and a
greater activity in the right hemisphere in frontal, temporal and occipital areas.
The opposite was found in somatomotor and temporal areas. However, with a
high inter-subject’s variability, these asymmetries did not seem to be significant.
Our results suggest that cuts in audiovisuals do not provoke any specific
asymmetrical brain activity in the alpha band in viewers. We conclude that brain
asymmetry when decoding audiovisual content may be more related with

narrative content than with formal style.
Main results

o Regardless, we found positive asymmetry in the somatomotor and the
temporal area, because of a higher right hemisphere alpha power that
corresponds with a higher left hemisphere activity and a negative
asymmetry in frontal, parietal and occipital areas, suggesting the
contrary, these results were not significant.

o Cuts in audiovisuals do not evoke any specific and significant

asymmetrical brain activity in the alpha band in viewers, suggesting that
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brain asymmetry when watching videos may be more related to narrative

content and emotions than to the style.

The publications address the stated objectives as indicated in the following table:

Publication Addressed objectives
1-PLoS ONE land5

2 — Scientific Reports 2and5

3 — Neuroscience 2and3

4 — Brain Sciences 4

5 — Frontiers in Systems Neuroscience 5

6 — Symmetry 3

As abovementioned, the publications can be found in the Appendix section, at the end

of this document.
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Discussion

This Doctoral Thesis proposed five main research objectives. The objective 1 of this work
was to find out if there were differences in cognitive processing between watching a
narrative through the screen or in a real performance. The Publication 1 (Andreu-
Sanchez, Martin-Pascual, Gruart, & Delgado-Garcia, 2017b) approached this objective
by presenting the same narrative content in a real performance and in videos. It was
found that real screened videos inhibit viewers’ eyeblinks compared with real
performances. This is coincident with the works that show that watching screens
steadily over time decrease viewers’ eyeblink rate, drifting into the collectively called
Computer Vision Syndrome (CVS) (Blehm, Vishnu, Khattak, Mitra, & Yee, 2005),
suggesting that a main factor for this inhibition of eyeblinks is the format of the screen

itself rather than the presented content.

The second objective was to determine if the style of the audiovisual editing had any
kind of impact on the cognitive processing of the viewers. According to the results
obtained in the Publication 2 (Andreu-Sanchez, Martin-Pascual, Gruart, & Delgado-
Garcia, 2017a) and Publication 3 (Andreu-Sanchez, Martin-Pascual, Gruart, & Delgado-
Garcia, 2018), different styles of edition provoke different cognitive processing in
viewers. MTV style of edition with a discontinuous and disorganized style of presenting
the visual shots, and shorter shots, inhibits eyeblinks more than classical Hollywood
style of edition, with an organized and clearer style of visual presentation and longer
shots, and more than one-shot style movies with no cuts. Since eyeblinks are attentional
markers —the higher the rate, the lower the attention— this result is of high interest for
media creators who, by managing the style of the edition, can manage viewers’

attention.

Suspecting that the cut would have an important role in this different perception
regarding the styles of edition, the third objective of this work consisted in determining
what type of modulation in the cognitive activity of the viewers causes the cut in

audiovisuals. The Publication 3 (Andreu-Sanchez et al., 2018) proved that brain activity
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after the cut potentials spreads from the occipital area to the frontal area at around 200
ms after the cut, as the perception of the stimulus progresses to more complex areas of
process and feedback. This is consistent with the feedforward event during early visual
processing (Del Cul, Baillet, & Dehaene, 2007; Wyatte, Jilk, & O’Reilly, 2014). Also, it was
found that the cut in different styles of edition provokes different brain activity in
viewers. While cuts in a chaotic and non-organized style of edition, such as MTV style,
provokes a higher activity in visual areas, organized and continuous style of edition such
as Hollywood style, impacts more on the prefrontal and higher processing areas. This
suggests that the predictability of the new visual information from the organized style
of edition requires less work from the visual cortex, allowing a higher cognitive
processing of the narrative content. Meanwhile, the chaotic visual presentation of the
narrative would need higher visual processing from the visual cortex, delaying or
eliminating the higher cognitive processing (or understanding) of the narrative. On the
other hand, since brain asymmetry had been found when watching audiovisual content
(Jones & Fox, 1992; Ohme, Reykowska, Wiener, & Choromanska, 2010; Tomarken,
Davidson, & Henriques, 1990), in the Publication 6 (Andreu-Sanchez, Martin-Pascual,
Gruart, & Delgado-Garcia, 2022) we wondered if processing brand-new visual
information that follows cuts in movies would be asymmetrical in alpha band. Some
interesting asymmetries were found, however, when doing the statistics those were not
significant, so, it was concluded that cuts do not provoke significant asymmetries in
viewers, suggesting that brain asymmetry when decoding movies previously found

would be more related with the narrative and emotional content than with formal style.

After knowing that the style of edition impacts viewers processing of the same narrative
content, the fourth objective of this Doctoral Thesis was to find out if there were
narrative content that, regardless of the editing style, synchronized the viewers’
attention. To do so, in Publication 4 (Andreu-Sanchez, Martin-Pascual, Gruart, &
Delgado-Garcia, 2021b), eyeblink rate of viewers was analysed. According to this study,
there are narratives that synchronize increases and decreases of viewers’ eyeblink rate,
regardless the style of edition in which they are presented. This is something that would

happen only with some specific narrative actions, meaning that in global, the style of
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edition affects viewers’ eyeblink rate, as seen above in objective 2, but, in particular,
some narrative actions manage viewers’ attention more strongly that the editing style.
The moments of increased eyeblink found here correspond with the actor leaving the
scene and with the repetition of an action. And the moments of decreased eyeblink rate
correspond to actions where visual information is crucial to proper understand the
narrative content presented. These results are coincident with a previous study (Nakano
et al., 2009), where the narrative content also synchronized viewers eyeblink rate in the
same line as here. This suggests that, unconsciously, viewers need to decide which is the
best moment to blink and thus avoid losing visual information. This would be coherent
with the memory-prediction framework proposed by Jeff Hawkins (Hawkins & Blakeslee,
2004), according to which the human cortex is constantly predicting what one will see,
hear, and feel, mostly, in non-conscious ways. When watching audiovisuals, the brain
would be making predictions about whether any important content is about to happen
to avoid losing information by blinking. If nothing important is expected to happen, for
instance, while the character is out of scene or the action is repetitive, blinking would
be presented as a good option. This shows a strong potential to be a way to approach

conscious processing.

Finally, the objective 5 of this Doctoral Thesis was to find out if there were perceptual
differences between media professionals and non-media professionals when looking at
narratives. Publications 1 (Andreu-Sanchez et al., 2017b), 2 (Andreu-Sanchez et al.,
2017a) and 5 (Andreu-Sanchez, Martin-Pascual, Gruart, & Delgado-Garcia, 2021a)
approach this topic. Initially, it was found that media professionals inhibit eyeblink rate
in a very significant way when watching screens and when seeing reality compared with
non-media professionals (Andreu-Sanchez et al.,, 2017b). It was also found that this
lower eyeblink rate also happens when watching any style of edition (Andreu-Sanchez
et al., 2017a). These results suggest that media professionals may need to face eye
health problems derived from a lack of moisture in the cornea for a low eyeblink rate.
Further research should be done to approach this as an occupational risk problem for
media professionals. It was also found that the decrease of eyeblink rate of media

professionals is maintained when looking at the activity after the cuts (Andreu-Sanchez
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et al., 2021a). This lower eyeblink rate suggest that media professionals, unconsciously,
avoid the loss of visual information that is so important in their everyday job. Cuts trigger
similar activation of basic brain processing in the visual cortex of the two groups, but
different processing in medial and frontal cortical areas was found, where media
professionals show a lower activity, while the effective brain connectivity is much more
organized in media professionals (Andreu-Sanchez et al., 2021a). This suggests a better
connectivity within areas that are coordinated for decoding new visual information after

the cuts in media professionals.

This Thesis started with the hypothesis that formal, stylisticc and narrative
characteristics of audiovisual content would have different, significant, and
neuroscientifically measurable impact in viewers’ perception. Based on the results
discussed here, we can confirm that all three, the formal presentation, the style, and the
narrative content of audiovisual works, have an impact on viewers’ perception that can

be measured with neuroscientific tools.

In summary, these studies have approached brain processes underlying the perception
of audiovisual content. Neurocinematic studies bring new perspectives to the study of
the communication process. It needs from a junction of different backgrounds, the study
of different tools, methods, and theories, but it can improve different knowledges in
relevant areas such as the communication studies, the psychological perception, and
the clinical investigation, among others. First, these types of studies can be used in
Communication Sciences to improve the knowledge that we have about the impact that
contents and styles have on cognitive processes of viewers. Based on these results,
media creators could improve their strategies for managing viewers’ attention and
visual processing using the scripting and the edition of movies as solid strategies.
Second, these results could be used in clinical environments where visual processing and
attention deteriorate as a consequence of some pathology. These methods could be
used to quantify and track patients’ visual behaviour over time with the help of

audiovisuals. Third, all the research studies that use movies as stimuli for analysing any
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type of visual variable could improve their strategy for designing the audiovisual works

based on the results of the six publications that form part of this Doctoral Thesis.
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7. FUTURE RESEARCH
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Future Research

Regarding the different perception between reality and screens, | would like to keep
looking at some specific markers that may be different between both ways of perceiving
narratives. In particular, | am interested in studying mu rhythm (8-13Hz) differences
between reality and screens. | have the hypothesis that the cerebral pattern mu,
desynchronized when seeing motor activities, is different when we look at motor actions
on screens or at reality, and that those differences can be quantified and standardized.
In case this was confirmed, mu rhythm could be understood as a reality criterion in

audiovisual industry and clinical environment.

| would also like to keep looking and studying narrative and style variables within
audiovisuals that correlate with different visual perception patterns. | believe that
learning those correlations would have a substantial impact. On one hand, media
creators could manage their main tools (narrative scripts and style elements) based on
scientific patterns. On the other hand, media production for people with special needs

could be adapted based on the management of the attention.

Learning about media professionalization has been especially useful for understanding
not only the effects of working with audiovisual works steadily over time, but to open
my research to the study of differences in visual perception among different groups.
Now, | am very interested in learning differences in visual perception between people
suffering from diseases, starting with those with Autism Spectrum Disorders (ASD) and
the rest. By learning brain patterns (I am interested in mu rhythm —-8-13 Hz— and
eyeblink rate) in children with ASD that differ from control children, we could help to
develop quantitative and non-invasive tools for early diagnosis of ASD through
audiovisuals. Those could complement currently available diagnosis scales. This

procedure could also be applied to other diagnosis protocols.

67



68



69

8. REFERENCES



70



References

Andreu-Sanchez, C., Martin-Pascual, M. A., Gruart, A., & Delgado-Garcia, J. M. (2017a).
Eyeblink rate watching classical Hollywood and post-classical MTV editing styles, in media
and non-media professionals. Scientific Reports, 7, 43267.

https://doi.org/10.1038/srep43267

Andreu-Sanchez, C., Martin-Pascual, M. A., Gruart, A., & Delgado-Garcia, J. M. (2017b). Looking
at reality versus watching screens: Media professionalization effects on the spontaneous

eyeblink rate. PLoS ONE, 12(5), e0176030. https://doi.org/10.1371/journal.pone.0176030

Andreu-Sanchez, C., Martin-Pascual, M. A., Gruart, A., & Delgado-Garcia, J. M. (2018). Chaotic
and Fast Audiovisuals Increase Attentional Scope but Decrease Conscious Processing.

Neuroscience, (394), 83-97. https://doi.org/10.1016/j.neuroscience.2018.10.025

Andreu-Sanchez, C., Martin-Pascual, M. A., Gruart, A., & Delgado-Garcia, J. M. (2021a). The
Effect of Media Professionalization on Cognitive Neurodynamics During Audiovisual Cuts.
Frontiers in Systems Neuroscience, 1, 598383.

https://doi.org/10.3389/fnsys.2021.598383

Andreu-Sanchez, C., Martin-Pascual, M. A., Gruart, A., & Delgado-Garcia, J. M. (2021b).
Viewers Change Eye-Blink Rate by Predicting Narrative Content. Brain Sciences, 11, 422.
https://doi.org/https://doi.org/10.3390/ brainsci11040422

Andreu-Sanchez, C., Martin-Pascual, M. A., Gruart, A., & Delgado-Garcia, J. M. (2022). Brain
Symmetry in Alpha Band When Watching Cuts in Movies. Symmetry, 14(10), 1980.
https://doi.org/10.3390/sym14101980

Bacha-Trams, M., Ryyppo, E., Glerean, E., Sams, M., & Jaaskelainen, |. P. (2020). Social
perspective-taking shapes brain hemodynamic activity and eye movements during movie
viewing. Social Cognitive and Affective Neuroscience, 15(2), 175-191.
https://doi.org/10.1093/scan/nsaa033

Blehm, C., Vishnu, S., Khattak, A., Mitra, S., & Yee, R. W. (2005). Computer vision syndrome: a
review. Survey of Ophthalmology, 50(3), 253—262.
https://doi.org/10.1016/j.survophthal.2005.02.008

Bristow, D., Haynes, J. J. D., Sylvester, R., Frith, C. C. D., & Rees, G. (2005). Blinking suppresses
the neural response to unchanging retinal stimulation. Current Biology, 15(14), 1296—

1300. https://doi.org/10.1016/j.cub.2005.06.025

71



References

Buzsdki, G. (2006). Rhythms of the Brain.
https://doi.org/10.1093/acprof:0s0/9780195301069.001.0001

Cardona, G., Gdmez, M., Quevedo, L., & Gispets, J. (2014). Effects of transient blur and VDT
screen luminance changes on eyeblink rate. Contact Lens & Anterior Eye : The Journal of
the British Contact Lens Association, 37(5), 363—367.
https://doi.org/10.1016/j.clae.2014.05.005

Carroll, N., & Seeley, W. P. (2013). Cognitivism, Psychology, and Neuroscience: Movies as
Attentional Engines. In A. P. Shimamura (Ed.), Psychocinematics. Exploring cognition at

the Movies (pp. 53—75). New York: Oxford University Press.

Cha, H.-S., Chang, W.-D., Shin, Y. S., Jang, D. P., & Im, C.-H. (2015). EEG-based neurocinematics:
challenges and prospects. Brain-Computer Interfaces, 2(4), 186—192.
https://doi.org/10.1080/2326263X.2015.1099091

Cochin, S., Barthelemy, C., Lejeune, B., Roux, S., & Martineau, J. (1998). Perception of motion
and gEEG activity in human adults. Electroencephalography and Clinical Neurophysiology,
107(4), 287-295. https://doi.org/10.1016/5S0013-4694(98)00071-6

Cohen-Séat, G., Gastaut, H., & Bert, J. (1954). Modification de I'E.E.G. pendant la projection

cinématographique. Revue Internationale de Filmologie, 5(16), 7-25.

D’Ydewalle, G., Desmet, G., & Van Rensbergen, J. (1998). Film perception: The processing of
film cuts. In G. Underwood (Ed.), Eye Guidance in Reading and Scene Perception (pp. 357—
393). Oxford, UK: Elsevier.

D’Ydewalle, G., & Vanderbeeken, M. (1990). Perceptual and cognitive processing of editing
rules in film. In G. R. Groner, G. D’Ydewalle, & R. Parham (Eds.), From eye to mind:
Information acquisition in perception, search, and reading (Vol. 1, pp. 129-139). Oxford,

England: North-Holland.

Davidson, R. J. (1992). Emotion and Affective Style: Hemispheric Substrates. Psychological
Science, 3(1), 39-43. https://doi.org/10.1111/j.1467-9280.1992.tb00254.x

Del Cul, A., Baillet, S., & Dehaene, S. (2007). Brain dynamics underlying the nonlinear threshold
for access to consciousness. PLoS Biology, 5(10), 2408—-2423.
https://doi.org/10.1371/journal.pbio.0050260

Delorme, A., & Makeig, S. (2004). EEGLAB: an open source toolbox for analysis of single-trial

EEG dynamics including independent component analysis. Journal of Neuroscience

72



References

Methods, 134, 9-21. Retrieved from
http://www.sciencedirect.com/science/article/pii/S0165027003003479

Doane, M. (1980). Interaction of Eyelids and Tears in Corneal Wetting and the Dynamics of the
Normal Human Eyeblink. American Journal of Ophthalmology, 89(4), 507-516.
https://doi.org/10.1016/0002-9394(80)90058-6

Faubert, J. (2013). Professional athletes have extraordinary skills for rapidly learning complex
and neutral dynamic visual scenes. Scientific Reports, 3, 1154.

https://doi.org/10.1038/srep01154

Francuz, P., & Zabielska-Mendyk, E. (2013). Does the Brain Differentiate Between Related and
Unrelated Cuts When Processing Audiovisual Messages? An ERP Study. Media
Psychology, 16(4), 461-475. https://doi.org/10.1080/15213269.2013.831394

Gaser, C., & Schlaug, G. (2003). Brain structures differ between musicians and non-musicians.
The Journal of Neuroscience : The Official Journal of the Society for Neuroscience, 23(27),

9240-9245. Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/14534258

Gastaut, H., & Bert, J. (1954). EEG changes during cinematographic presentation (moving
picture activation of the EEG). Electroencephalography and Clinical Neurophysiology,
6(3), 433-444. https://doi.org/10.1016/0013-4694(54)90058-9

Germeys, F., & D’Ydewalle, G. (2007). The psychology of film: perceiving beyond the cut.
Psychological Research, 71(4), 458—466. https://doi.org/10.1007/s00426-005-0025-3

Granger, C. W. J. (1969). Investigating Causal Relations by Econometric Models and Cross-
spectral Methods. Econometrica, 37(3), 424—438. https://doi.org/10.2307/1912791

Hall, A. (1945). The origin and purposes of blinking. The British Journal of Ophthalmology,
September, 445-467. Retrieved from
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC510520/

Hasson, U., Furman, O., Clark, D., Dudai, Y., & Davachi, L. (2008). Enhanced intersubject
correlations during movie viewing correlate with successful episodic encoding. Neuron,

57(3), 452-462. https://doi.org/10.1016/j.neuron.2007.12.009

Hasson, U., Landesman, O., Knappmeyer, B., Vallines, I., Rubin, N., & Heeger, D. J. (2008).
Neurocinematics: The neuroscience of film. Projections, 2(1), 1-26.

https://doi.org/10.3167/proj.2008.020102

Hasson, U., Nir, Y., Levy, |., Fuhrmann, G., & Malach, R. (2004). Intersubject synchronization of

73



References

cortical activity during natural vision. Science (New York, N.Y.), 303(5664), 1634—1640.
https://doi.org/10.1126/science.1089506

Hawkins, J., & Blakeslee, S. (2004). On Intelligence. New York: Henry Holt and Company.

Hegdé, J. (2008). Time course of visual perception: coarse-to-fine processing and beyond.

Progress in Neurobiology, 84, 405-439. https://doi.org/10.1016/j.pneurobio.2007.09.001

Heimann, K. S., Uithol, S., Calbi, M., Umilta, M. A., Guerra, M., & Gallese, V. (2016). “Cuts in
Action”: A High-Density EEG Study Investigating the Neural Correlates of Different Editing
Techniques in Film. Cognitive Science, 41(6), 1-34. https://doi.org/10.1111/cogs.12439

Jaaskeldinen, I. P., Pajula, J., Tohka, J., Lee, H. J., Kuo, W. J., & Lin, F. H. (2016). Brain
hemodynamic activity during viewing and re-viewing of comedy movies explained by

experienced humor. Scientific Reports, 6. https://doi.org/10.1038/srep27741

Jones, N. A., & Fox, N. A. (1992). Electroencephalogram asymmetry during emotionally
evocative films and its relation to positive and negative affectivity. Brain and Cognition,

20(2), 280-299. https://doi.org/10.1016/0278-2626(92)90021-D

Kauppi, J.-P., Jaaskeldinen, I. P., Sams, M., & Tohka, J. (2010). Inter-subject correlation of brain
hemodynamic responses during watching a movie: localization in space and frequency.

Frontiers in Neuroinformatics, 4(5). https://doi.org/10.3389/fninf.2010.00005

Kirk, U., Skov, M., Schram Christensen, M., & Nygaard, N. (2008). Brain correlates of aesthetic
expertise: A parametric fMRI study. Brain and Cognition, 69, 306—-315.
https://doi.org/10.1016/j.bandc.2008.08.004

Klein, G. A., & Hoffman, R. R. (1993). Seeing the Invisible: Perceptual-Cognitive Aspects of
Expertise. In M. Rabinowitz (Ed.), Cognitive science foundations (Lawrence E, pp. 203—

226). https://doi.org/10.4324/9781315044712

Lachaux, J. P., Rodriguez, E., Martinerie, J., & Varela, F. J. (1999). Measuring phase synchrony in
brain signals. Human Brain Mapping, 8, 194-208. https://doi.org/10.1002/(SICI)1097-
0193(1999)8:4<194::AID-HBM4>3.0.C0O;2-C

Lotze, M., Scheler, G., Tan, H.-R. ., Braun, C., & Birbaumer, N. (2003). The musician’s brain:
functional imaging of amateurs and professionals during performance and imagery.

Neurolmage, 20(3), 1817-1829. https://doi.org/10.1016/j.neuroimage.2003.07.018

Maguire, E. A., Gadian, D. G., Johnsrude, I. S., Good, C. D., Ashburner, J., Frackowiak, R. S., &

Frith, C. D. (2000). Navigation-related structural change in the hippocampi of taxi drivers.

74



References

Proceedings of the National Academy of Sciences of the United States of America, 97(8),
4398-4403. https://doi.org/10.1073/pnas.070039597

Maguire, E. A., Woollett, K., & Spiers, H. J. (2006). London taxi drivers and bus drivers: A
structural MRI and neuropsychological analysis. Hippocampus, 16, 1091-1101.
https://doi.org/10.1002/hipo.20233

Makeig, S., & Jung, T. (1996). Tonic, phasic, and transient EEG correlates of auditory awareness
in drowsiness. Cognitive Brain Research, (4), 15-25. Retrieved from

http://www.sciencedirect.com/science/article/pii/0926641095000429

Makeig, S., & Onton, J. (2009). ERP features and EEG dynamics: an ICA perspective. In S. J. Luck
& E. Kappenman (Eds.), Oxford Handbook of Event-Related Potential Components.
Retrieved from http://tdlc.ucsd.edu/research/publications/MakeigOnton_ERP_2009.pdf

Martin-Pascual, M. A., Andreu-Sanchez, C., Delgado-Garcia, J. M., & Gruart, A. (2018). Using
Electroencephalography Measurements and High-quality Video Recording for Analyzing
Visual Perception of Media Content. JoVE - Journal of Visualized Experiments, (135),

e57321. https://doi.org/10.3791/57321

Mathewson, K. J., Hashemi, A., Sheng, B., Sekuler, A. B., Bennett, P. J., & Schmidt, L. A. (2015).
Regional electroencephalogram (EEG) alpha power and asymmetry in older adults: A
study of short-term test-retest reliability. Frontiers in Aging Neuroscience, 7(SEP), 1-10.

https://doi.org/10.3389/fnagi.2015.00177

McClure, S. M., Li, J., Tomlin, D., Cypert, K. S., Montague, L. M., & Montague, P. R. (2004).
Neural correlates of behavioral preference for culturally familiar drinks. Neuron, 44(2),

379-387. https://doi.org/10.1016/j.neuron.2004.09.019

Mognon, A., Jovicich, J., Bruzzone, L., & Buiatti, M. (2010). ADJUST: An automatic EEG artifact
detector based on the joint use of spatial and temporal features. Psychophysiology,

48(May), 229-240. https://doi.org/10.1111/j.1469-8986.2010.01061.x

Muraskin, J., Dodhia, S., Lieberman, G., Garcia, J. O., Verstynen, T., Vettel, J. M., ... Sajda, P.
(2016). Brain dynamics of post-task resting state are influenced by expertise: Insights
from baseball players. Human Brain Mapping, 37(12), 4454—4471.
https://doi.org/10.1002/hbm.23321

Murch, W. (1995). In the blink of an eye: A perspective on film editing (2nd ed.). Beverly Hills,

California: Silman-James Press.

75



References

Nakano, T., Kato, M., Morito, Y., Itoi, S., & Kitazawa, S. (2013). Blink-related momentary
activation of the default mode network while viewing videos. Proceedings of the National
Academy of Sciences of the United States of America, 110(2), 702-706.
https://doi.org/10.1073/pnas.1214804110

Nakano, T., & Miyazaki, Y. (2019). Blink synchronization is an indicator of interest while viewing
videos. International Journal of Psychophysiology, 135, 1-11.
https://doi.org/10.1016/].ijpsycho.2018.10.012

Nakano, T., Yamamoto, Y., Kitajo, K., Takahashi, T., & Kitazawa, S. (2009). Synchronization of
spontaneous eyeblinks while viewing video stories. Proceedings. Biological Sciences / The

Royal Society, 276, 3635—3644. https://doi.org/10.1098/rspb.2009.0828

Nielsen. (2016a). The Comparable Metrics Report: Q1 2016. Retrieved from
http://www.nielsen.com/us/en/insights/reports/2016/the-comparable-metrics-report-

q1-2016.html

Nielsen. (2016b). The Total Audience Report: Q1 2016. Retrieved from
http://www.nielsen.com/us/en/insights/reports/2016/the-total-audience-report-q1-
2016.html

Niso, G., Brufia, R., Pereda, E., Gutiérrez, R., Bajo, R., Maestu, F., & Del-Pozo, F. (2013).
HERMES: Towards an integrated toolbox to characterize functional and effective brain
connectivity. Neuroinformatics, 11(4), 405—434. https://doi.org/10.1007/s12021-013-
9186-1

Ohme, R., Reykowska, D., Wiener, D., & Choromanska, A. (2010). Application of frontal EEG
asymmetry to advertising research. Journal of Economic Psychology, 31(5), 785-793.
https://doi.org/10.1016/].joep.2010.03.008

Oostenveld, R., & Oostendorp, T. F. (2002). Validating the boundary element method for
forward and inverse EEG computations in the presence of a hole in the skull. Human

Brain Mapping, 17(3), 179-192. https://doi.org/10.1002/hbm.10061

Orgs, G., Dombrowski, J.-H., Heil, M., & Jansen-Osmann, P. (2008). Expertise in dance
modulates alpha / beta event-related desynchronization during action observation.
European Journal of Neuroscience, 27, 3380-3384. https://doi.org/10.1111/j.1460-
9568.2008.06271.x

Ousler, G. W., Abelson, M. B., Johnston, P. R., Rodriguez, J., Lane, K., & Smith, L. M. (2014).

Blink patterns and lid-contact times in dry-eye and normal subjects. Clinical

76



References

Ophthalmology, (8), 869—874. https://doi.org/10.2147/0PTH.S56783

Pajula, J., Kauppi, J., & Tohka, J. (2012). Inter-subject correlation in fMRI: Method validation
against stimulus-model based analysis. PloS One. Retrieved from

http://dx.plos.org/10.1371/journal.pone.0041196

Paraskevopoulos, E., Kraneburg, A., Herholz, S. C., Bamidis, P. D., & Pantev, C. (2015). Musical
expertise is related to altered functional connectivity during audiovisual integration.
Proceedings of the National Academy of Sciences, 112(40), 12522-12527.
https://doi.org/10.1073/pnas.1510662112

Pineda, J. a. (2005). The functional significance of mu rhythms: Translating “seeing” and
“hearing” into “doing.” Brain Research Reviews, 50(1), 57-68.

https://doi.org/10.1016/j.brainresrev.2005.04.005

Ponder, E., & Kennedy, W. P. (1927). On the act of blinking. Quarterly Journal of Experimental
Physiology, 18(2), 89—110. Retrieved from http://ep.physoc.org/content/18/2/89.short

Poulaki, M. (2014). Neurocinematics and the discourse of control: Towards a critical

neurofilmology. Cinema et Cie, Vol. 14, pp. 39-51.

Poulsen, A. T., Kamronn, S., Dmochowski, J., Parra, L. C., & Hansen, L. K. (2016). EEG in the
classroom: Synchronised neural recordings during video presentation. Scientific Reports,

7(43916). https://doi.org/10.1038/srep43916

Recarte, M. A,, Pérez, E., Conchillo, A., & Nunes, L. M. (2008). Mental workload and visual
impairment: differences between pupil, blink, and subjective rating. The Spanish Journal
of Psychology, 11(2), 374—-385. Retrieved from
http://www.ncbi.nlm.nih.gov/pubmed/18988425

Rosenfield, M., Jahan, S., Nunez, K., & Chan, K. (2015). Cognitive demand, digital screens and
blink rate. Computers in Human Behavior, 51(PA), 403—406.
https://doi.org/10.1016/j.chb.2015.04.073

Schmalzle, R., & Grall, C. (2020). The Coupled Brains of Captivated Audiences. Journal of Media
Psychology, 32(4), 187-199. https://doi.org/10.1027/a000001

Schwan, S., & lldirar, S. (2010). Watching Film for the First Time: How Adult Viewers Interpret
Perceptual Discontinuities in Film. Psychological Science, 21(7), 970-976.
https://doi.org/10.1177/0956797610372632

Shapiro, K. L., & Raymond, J. E. (2008). The attentional blink : temporal constraints on

77



References

consciousness. In A. C. Nobre & J. T. Coull (Eds.), Attention and Time (pp. 35—-48). Oxford:

Oxford University Press.

Sigman, A. (2012). Time for a view on screen time. Archives of Disease in Childhood, 97(11),

935-942. https://doi.org/10.1136/archdischild-2012-302196

Simons, D. J., & Chabris, C. F. (1999). Gorillas in our midst: Sustained Inattentional Blindness

for Dynamic Events. Perception, 28, 1059—-1074.

Skotte, J. H., Ngjgaard, J. K., Jgrgensen, L. V, Christensen, K. B., & Sjggaard, G. (2007). Eye blink
frequency during different computer tasks quantified by electrooculography. European
Journal of Applied Physiology, 99(2), 113—119. https://doi.org/10.1007/s00421-006-0322-
6

Smith, T. J., & Henderson, J. M. (2008). Edit Blindness: The relationship between attention and
global change blindness in dynamic scenes. Journal of Eye Movement Research, 2(2), 1-

17. https://doi.org/10.16910/jemr.2.2.6

Stern, J. A., Boyer, D., & Schroeder, D. (1994). Blink rate: a possible measure of fatigue. Human
Factors, 36(2), 285-297.

Stern, J. A., Walrath, L. C., & Goldstein, R. (1984). The Endogenous Eyeblink. Psychophysiology,
21(1), 22-33. https://doi.org/10.1111/j.1469-8986.1984.tb02312.x

Sternberg, R. J. (2009). Cognitive Psychology. https://doi.org/10.5040/9781472596178-bed-
c065b

Thorpe, S., Fize, D., & Marlot, C. (1996). Speed of processing in the human visual system.
Nature, 381(6), 520-522.

Tomarken, A. J., Davidson, R. J., & Henriques, J. B. (1990). Resting Frontal Brain Asymmetry
Predicts Affective Responses to Films. Journal of Personality and Social Psychology, 59(4),

791-801. https://doi.org/10.1037/0022-3514.59.4.791

Van Cauwenberge, A., Schaap, G., & Van Roy, R. (2014). “TV no longer commands our full
attention”: Effects of second-screen viewing and task relevance on cognitive load and
learning from news. Computers in Human Behavior, 38(September), 100-109.

https://doi.org/10.1016/j.chb.2014.05.021

VanderWerf, F., Brassinga, P., Reits, D., Aramideh, M., & Ongerboer de Visser, B. (2003). Eyelid
movements: behavioral studies of blinking in humans under different stimulus

conditions. Journal of Neurophysiology, 89(5), 2784-2796.

78



References

https://doi.org/10.1152/jn.00557.2002

Wiener, N. (1956). The Theory of Prediction. In E. F. Beckenbach (Ed.), Modern mathematics
for the engineers (pp. 165—190). New York: McGraw-Hill.

Wyatte, D., Jilk, D. J., & O’Reilly, R. C. (2014). Early recurrent feedback facilitates visual object
recognition under challenging conditions. Frontiers in Psychology, 5(JUL), 1-10.

https://doi.org/10.3389/fpsyg.2014.00674

Zacks, J. M., Braver, T. S., Sheridan, M. A., Donaldson, D. I., Snyder, A. Z., Ollinger, J. M., ...
Raichle, M. E. (2001). Human brain activity time-locked to perceptual event boundaries.

Nature Neuroscience, 4(6), 651-655. https://doi.org/10.1038/88486

Zacks, J. M., Speer, N. K., Swallow, K. M., & Maley, C. J. (2010). The brain’s cutting-room floor:
segmentation of narrative cinema. Frontiers in Human Neuroscience, 4(October), 1-15.

https://doi.org/10.3389/fnhum.2010.00168

Zheng, B., Jiang, X., Tien, G., Meneghetti, A., Panton, O. N. M., & Atkins, M. S. (2012). Workload
assessment of surgeons: correlation between NASA TLX and blinks. Surgical Endoscopy

and Other Interventional Techniques, 26(10), 2746—2750.

79



80



81

9. APPENDIX



82



9.1. CONTRIBUTED PUBLICATIONS

83



84



@'PLOS | ONE

Check for
updates

ﬁ OPEN ACCESS

Citation: Andreu-Sanchez C, Martin-Pascual MA,
Gruart A, Delgado-Garcia JM (2017) Looking at
reality versus watching screens: Media
professionalization effects on the spontaneous
eyeblink rate. PLoS ONE 12(5): e0176030. https:/
doi.org/10.1371/journal.pone.0176030

Editor: Manuel S. Malmierca, Universidad de
Salamanca, SPAIN

Received: January 5, 2017
Accepted: April 4, 2017
Published: May 3, 2017

Copyright: © 2017 Andreu-Sanchez et al. This is an
open access article distributed under the terms of
the Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All relevant data are
within the paper and its Supporting Information
files.

Funding: The authors received no specific funding
for this work.

Competing interests: The authors have declared
that no competing interests exist.

RESEARCH ARTICLE

Looking at reality versus watching screens:
Media professionalization effects on the
spontaneous eyeblink rate

Celia Andreu-Sanchez' *, Miguel Angel Martin-Pascual', Agnés Gruart?, José
Maria Delgado-Garcia?

1 Neuro-Com Research Group, Universitat Autbonoma de Barcelona, Edifici |, Facultat Ciéncies de la
Comunicacio, Campus Bellaterra, Cerdanyola del Vallés, Barcelona, Spain, 2 Division of Neurosciences,
Pablo de Olavide University, Seville, Spain

* celia.andreu@uab.cat

Abstract

This article explores whether there are differences in visual perception of narrative between
theatrical performances and screens, and whether media professionalization affects visual
perception. We created a live theatrical stimulus and three audio-visual stimuli (each one
with a different video editing style) having the same narrative, and displayed them randomly
to participants (20 media professionals and 20 non-media professionals). For media profes-
sionals, watching movies on screens evoked a significantly lower spontaneous blink rate
(SBR) than looking at theatrical performances. Media professionals presented a substan-
tially lower SBR than non-media professionals when watching screens, and more surpris-
ingly, also when seeing reality. According to our results, media professionals pay higher
attention to both screens and the real world than do non-media professionals.

Introduction

Due to the recent expanded digitalization of our world, we are surrounded by screens. In the
US, for example, adults spend an average of 8 hours and 47 minutes per day watching screens—
with tablets, smart phones, PCs, multimedia devices, video game consoles, DVDs, time-shifted
TV, and live TV [1, 2]. Despite media works being composed of an apparent continuity of fixed
pictures, on many occasions they seem real to us. However, we can distinguish between reality
and drama on the screen, so no one calls the police when seeing a murder in a movie [3]. We
know that perception of any narrative (live or on-screen) is divided into segments of attention
processed independently by the viewer [4-6]. This segmentation of autonomous narrative ele-
ments can be done with some freedom during the perception of the real world. However, when
we are watching an audio-visual work, we are also giving attention to segmentations made by
the director through edition [7]. It is, then, to be expected that we perceive reality and screens
differently. A way to investigate those visual differences is through the quantification of the
respective spontaneous blink rates (SBR). Indeed, the emergence of personal computers, giving
rise to long periods of intensive work with screens, has a high incidence in SBR: people inhibit
their eyeblink rate between 50% and 60% when watching the screen of a computer [8].
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Computer Vision Syndrome, linked to screen use, has been well characterized through vision
problems, visual accommodation problems, blurred vision, fatigue, and dry eyes [9-12]. Like-
wise, it is well known that eyeblink rate is affected by performing tasks that require attention.
Wong and colleagues, for instance, noted that the rate in ophthalmologic surgeons decreased
during the execution of surgery, from 16 to 4 eyeblinks per minute [13]. The connection
between eyeblink and attention has been proven in various circumstances [14] including the
use of screens [15, 16], or for diagnosis in Autism Spectrum Disorders [17-20]. In addition, a
decrease in eyeblink rate has been linked to symptom worsening associated to dry keratocon-
junctivitis or dry eye syndrome [8, 21]. It is well known that the narrative in media works can
also affect eyeblink frequency and that SBRs synchronize among spectators watching the same
movie [22, 23], contributing to the idea that blinking has not only a physiological function [23-
25] but also a psychological one [26]. In fact, the importance of eyeblinks in the communicative
process has been proven [19, 27], being understood as an attentional marker linked to the hypo-
thetical Default Mode Network (DMN), which would be active when there is no attentional
focus in media works [28]. However, there is controversy about the meaning of DMN [29, 30]
and how it would be analyzed in media environments. Eyeblinks are also synchronized between
listener(s) and talker in a conversation [27], in particular in the pauses and at the end of the dis-
course. On the other hand, we know that professionalization is a variable that in previous stud-
ies has been shown to change audio-visual perception and to provoke perceptive differences,
and even structural brain changes, in—for example—musicians [31], athletes [32], or drivers
[33, 34]. In this investigation, we had two specific aims: i) to look for differences in SBR evoked
by attending the same narrative across a live theatrical performance or across a movie; and ii) to
find out whether there are visual perceptive differences in SBR linked to media
professionalization.

Materials and methods
Subjects

Forty healthy adults (20 non-media professionals and 20 media professionals) with normal or
corrected-to-normal visual acuity participated in this study. The average age of the group of
non-media professionals (15 men and 5 women) was 43.25 years (SD = + 8.59) and the average
time in their professions was 19.4 years (SD = + 10.21). In the group of media professionals (16
men and 4 women), the average age was 44.15 years (SD = £ 7.15) and the time in their media
professions was an average of 20.2 years (SD = + 8.63). To be included in the media group, it
was required that subjects needed to use video edition and to take decisions related to media
editing in their everyday work. Thus, media professionals taking part in this experiment were
producers, assistant producers, cameramen, image controllers, documentalists, graphic
designers, post-production editors, sports commentators, and video editors. Non-media pro-
fessionals were chosen outside of this criterion. The study had the approval of the Ethics Com-
mission for Research with Animals and Humans (CEEAH) of the University Autonoma de
Barcelona, Spain, with reference number 2003. All experiments were performed in accordance
with relevant guidelines and regulations. Written informed consent was obtained from all
participants.

Stimuli

We created four stimuli with the same narrative, action, character, and duration: three were
movies with different video editing styles, and one was a live play, as shown in S1 Video. Stim-
ulus 1 was a one-shot movie with a static open shot and no cuts; stimulus 2 was a Hollywood-
editing-style movie, following classical continuity editing rules, with smooth transitions and
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perceptive continuity [35]; stimulus 3 was an MTV-editing-style movie, also known as post-
classical or video-clip style, characterized by short moved shots, sudden moves in the frame,
and a continuous motion of the camera [36, 37]; and stimulus 4 was a live performance that
was played out in each experimental session. We used the three most common movie-editing
styles for the screened stimuli to be in concordance with the habitual consumption of audio-
visual narrative on screens. The duration of stimuli 1, 2, and 3 was 198 s each; the duration of
stimulus 4 was adjusted to last approximately 198 s for each subject. The action and narrative
of the four stimuli were exactly the same: a man entered, sat, juggled with three balls, worked
with a computer and books, ate an apple, looked directly at the spectator/viewer, and left.

Stimulus presentation

For the presentation of the four stimuli, two black structures were created to define a flexible
space: one black structure (4x2m) as a backdrop for the live play, and a second black structure
with the same dimensions and a hole in the middle. This hole was designed to fit a screen
(Panasonic TH-42PZ70EA, Panasonic Corporation) for the presentation of the video stimuli
at a distance of 150 cm from participants (Fig 1A and 1B). For the representation of the live
play, the screen was removed and subjects had visual access to the performance, as shown in
S1 Video. Paradigm Stimulus Presentation (Perception Research System) was used for stimu-
lus presentation and synchronization of recording. A pause of 30 s preceded each stimulus.
During the pause, subjects had a rest period, received no experimental stimulus, and were not
monitored. The presentation of the stimuli was randomized using a tetrahedron. Twenty-one
of 24 possible combinations were present in the study (Fig 1C).

Data acquisition and analysis

The EMG activity of the orbicularis oculi muscle was acquired with a wireless system (Eno-
bio®), Neuroelectrics). Silver chloride (Ag/AgCl) electrodes were placed according to the 10—

Black Black Screen Black Screen Black

screen screen departs  screen
Stimuli
presentation Hollywood style MTV style Performed play
198 30 198 30 wound 198

Duration

repositioned  screen

around
(sec) 60

30

Fig 1. Stimulus presentation. (A) We designed a special stage for carrying out stimulus presentation. It
comprised two different areas: at the back, there was a black backdrop with a table where the actor would
make the live play presentation; in the front part, there was a black panel with a hole for the screen showing
the videos. The screen was placed in the hole for video stimuli and removed for the live play stimulus. (B) The
subjects were placed in front of the hole so that they could perceive the play with a black framework. This
experimental set-up was aimed at making live and video stimuli experiences as similar as possible. (C) The
order of stimulus presentation was randomized over the 24 possible combinations—for example, Hollywood-
style movie—-MTV-style movie—Performed play—One-shot movie. Each stimulus was preceded by a black
screen lasting for 30 s. Whenever the live play had to be presented, the screen used for the videos was
removed. It was replaced in the designed hole for the presentation of each video stimulus. The duration of the
live play was approximately 198 s, while the duration of each video stimulus was 198 s.

https://doi.org/10.1371/journal.pone.0176030.g001
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20 system. Electrooculogram, Fpl, and Fp2 channels were carefully placed to detect eyeblinks
and other eyelid movements. The Cz channel was used as reference channel during the record-
ing. The subject’s eyes were also visually recorded with an HD video camera (Sony
HDR-GW55VE, Sony Corporation). The video camera framed the subject’s face in a close-up.

Eyeblinks were analyzed using two different methods. First, we detected them in the EMG
signal with Brainstorm [38] running on MATLAB (The MathWorks Inc.). We filtered the sig-
nal from 0.5 Hz to 3 Hz, applied Brainstorm’s eyeblink detector, and carefully checked the
results, as proposed by Tadel et al. [39]. Then, and in accordance with Nakano and Kitazawa
[27], we checked the results manually with HD-video recordings of the subject’s ocular behav-
ior. Statistical analysis was performed offline using Sigmaplot 11.0 (Systat Software Inc.). We
analyzed data following a two-way repeated-measures analysis of variance (ANOVA) and fur-
ther post hoc analysis using the Holm-Sidak method, with the whole datasets. Data were ana-
lyzed for normality and equal variance with the Shapiro-Wilk test. All three video stimuli were
analyzed together under the “screen” condition. To avoid inaccuracies in data analysis derived
from different duration in the live play stimulus, in each condition we worked with the mean
of SBR per minute.

Results

The mean of the SBR in the totality of the subjects (N = 40) during the course of this experi-
ment was 13.92 min™ (SD = + 8.342). In particular, the screened stimuli evoked an average of
13.208 eyeblinks min ™' (SD = + 8.897), while the performed play evoked an average of 14.632
eyeblinks min™' (SD = + 7.794). There were big differences between groups: the screened sti-
muli evoked an average of 9.274 min™ (SD = + 6.453) for SBR in media-professionals (N = 20)
and an average of 17.142 min™' (SD = + 9.395) for SBR in non-media professionals (N = 20),
while the performed play evoked an average of 11.056 min™" (SD = * 6.042) for SBR in media
professionals and 18.207 min™" (SD = + 7.828) in non-media professionals (Table 1, Fig 2).
These results reveal a lower eyeblink rate when watching narrative scenes on screens compared
with seeing them in a theatrical context. In addition, there seems to be a significantly lower
rate of SBR in media professionals compared with non-media professionals in both situations:
watching screens and looking at reality. Standard deviations also suggested a greater homoge-
neity in media professionals than in non-media professionals. We analyzed all these results to
look for statistically significant differences.

The statistical analysis between looking at reality and watching screens showed interesting
results. We compared SBRs obtained in subjects seeing a live play with those when watching
the same narrative on screens. For that, we worked with the three most common video editing
styles (sequence shot, Hollywood style, and MTV style). We also made the comparison

Table 1. Spontaneous blink rate per minute.

Stimulus Subjects SBR min™' S.D.

Screen All subjects 13.208 8.897
Screen Media professionals 9.274 6.453
Screen Non-media professionals 17.142 9.395
Performance All subjects 14.632 7.794
Performance Media professionals 11.056 6.042
Performance Non-media professionals 18.207 7.828

Descriptive results of blink rates per minute in screens (having the three editing styles) and in the performed play, in all subjects and by groups: media and
non-media professionals.

https://doi.org/10.1371/journal.pone.0176030.t001
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SBR

Performance - Non-media professionals

Fig 2. Screen and performance comparisons, in media and non-media professionals. 3D category
scatter of SBR for the two factors analyzed: type of subject (media and non-media professionals), and type of
stimulus (performance and screens). We can observe the trend of lower SBR in media professionals
compared with non-media professionals; and the trend of an increase of SBR in performed play compared
with screened stimuli.

https://doi.org/10.1371/journal.pone.0176030.9002

between media and non-media professionals. We obtained significant differences in SBR
between screens and reality: F(; 35) = 5.384, p = 0.026 (two-way repeated-measures analysis of
variance, ANOVA, one-factor repetition). We also obtained significant differences related to
media professionalization: F(; 35) = 10.607, p = 0.002 (two-way repeated-measures analysis of
variance, ANOVA, one-factor repetition). No significant differences were obtained by crossing
the two factors (p>0.05). We performed post hoc pairwise multiple comparison procedures
following the Holm-Sidak method. We also observed that the type of stimulus (performed live
play or on-screen movie), independently of the professionalization of the subject, affected
SBR, p<0.05. Analyzing by groups, we found that media professionals’ SBR was affected by the
type of stimulus, p<0.05. However, in the group of non-media professionals, the type of stimu-
lus was not relevant, p>0.05. Their SBR was not affected whether looking at a live play or
watching screens. We also found that media professionalization, irrespective of the type of
stimulus, was a significant factor, p<0.001, for SBR. Finally, when comparing media profes-
sionalization within screens and within reality, in both cases we obtained highly significant sta-
tistical differences, p<0.01.

Thus, and according to our results, the type of stimulus (live performance or screened
movie) in which a narrative is displayed affects the SBR of viewers. However, our results sug-
gest that this is not so for non-media professionals, who seem to perceive live performances
and screened movies similarly. The fact that media professionals show significant differences
in their SBR in these two conditions may be connected to the higher level of attention that they
are used to paying to screened stimuli. This would be coherent with the “dry eyes” problem in
people watching screens with a high level of concentration sustained over time [15, 40-42].
Thus, these results suggest professionalization differences in visual perception in media
professionals.
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We also show here big differences in SBR between media and non-media professionals.
Media professionals showed a significantly lower SBR watching screens (which seems logical
as, in their everyday work, media professionals spend so many hours in front of audio-visual
media making decisions related to edition on screens). Much more surprisingly, media profes-
sionals also showed a significantly lower SBR when seeing plays performed in the real world.
This would be consistent with the idea that media professionalization affects visual perception.

Discussion

We hypothesized that we would observe SBR differences between looking at the same narrative
in reality and on-screen. We also hypothesized that we would find SBR differences in media
professionals compared with non-media professionals. Interestingly, while our first hypothesis
was partly supported, the second hypothesis was strongly supported. We obtained significant
differences in SBRs between looking at reality vs. watching screens. However, in our analysis
by groups, the results were not significant for the group of non-media professionals. It can

be reasonably accepted that the visual behavior of non-media professionals is not different
depending on the type of stimulus in which the narrative runs. They would pay the same atten-
tion to any stimulus, regardless of the format. We suggest that this result may be linked to the
short duration of each stimulus, and we think that longer stimuli might have evoked differ-
ences between watching screens and looking at reality in non-media observers too. On the
other hand, according to our results, we can assume that media professionals show a different
SBR when watching a movie on a screen and when seeing the same story in a live performance.
For media professionals, paying attention to screens is part of their job. Although we did not
apply a specific protocol to determine subjects’ attention, the relationship between SBR and
attention has been proven before [14]. Maybe, for that reason, whenever media professionals
were facing screened stimuli their SBR dropped. This could suggest that media workers show a
higher attentional level to decode the type of stimulus they are looking at.

As a second output of the present study, it can also be proposed that the viewer’s SBR varies
depending on media professionalization. Earlier investigations had shown the relationship
between professionalization and audio-visual behavior or brain structural changes [31-34].
Here, we found visual perception differences related to media professionalization. Our results
showed not only that media professionals and non-media professionals behave differently fac-
ing screened stimuli, but that this difference is not restricted to visualization on screens.
According to our investigation, media professionals present a lower SBR both when watching
audio-visual works on screens and when seeing live plays performed in the real world. How-
ever, media workers visually distinguish between these two situations, and their SBR is, as
mentioned above, different in each. According to Zheng et al. [43], more attention decreases
eyeblinks and increases the level of mental workload. Thus, media professionals seem to pres-
ent a higher level of attention to both screens and the real world than do non-professional
observers. Our results also indicate that audio-visual works receive more attention than live
performances. We suggest that advertising and marketing strategies could take this into
account when forming communication strategies.

We know that today many non-media professionals also spend many hours a day making
decisions related to on-screen content, as is the case of gamers. For that reason, and following
this criterion, we wondered whether new experiments with gamers and media professionals
would result in the same differences as found here. Our most surprising result is that the
watching of screens steadily over time and making concomitant decisions with a high level of
attention, as media professionals do, decreases SBR not only in media contexts, but also look-
ing at live events. Taking into account today’s increased use of screens, we understand that it is
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important to keep on doing research following this line. These results invite us to continue
searching for visual perception differences in media professionalization.

Supporting information

S1 Dataset. Spontaneous blink rate in screened movie and in live performance.
(XLSX)

$1 Video. Stimuli presentation.
(MP4)
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While movie edition creates a discontinuity in audio-visual works for narrative and economy-of-
storytelling reasons, eyeblink creates a discontinuity in visual perception for protective and cognitive
reasons. We were interested in analyzing eyeblink rate linked to cinematographic edition styles.

We created three video stimuli with different editing styles and analyzed spontaneous blink rate in
participants (N = 40). We were also interested in looking for different perceptive patterns in blink

rate related to media professionalization. For that, of our participants, half (n =20) were media
professionals, and the other half were not. According to our results, MTV editing style inhibits eyeblinks
more than Hollywood style and one-shot style. More interestingly, we obtained differences in visual
perception related to media professionalization: we found that media professionals inhibit eyeblink rate
substantially compared with non-media professionals, in any style of audio-visual edition.

Narrative fragmentations in media are reflected through edition. Cinematographic edition was soon considered a
generator of connections, ideas, and contents. By joining two shots, new content is created. This surprising result
shows the mechanisms organizing our attention and perception of cinematographic phenomena!. In some con-
texts, filmic edition is related to the audio-visual narrative itself and editing rules; on other occasions, cuts in the
narration give the narrator the possibility of saving time and space, moving faster in the story. In this article, we
study the relation between audio-visual editing styles and the viewer’s eyeblink rate. The research also deals with
the role of media professionalization in this context.

Evolution of editing styles

The initial analysis of edition is usually ascribed to the 1910s and the beginning of Hollywood’s Golden Age (with
D.W. Griffith*?) and the Soviet school of cinema. Kuleshov’s* and Pudovkin’s® experiments, and Eisenstein’s®
filmic and written work, are exponents of analytic and metaphoric edition, as well as of visual conflict.

As the history of cinema moved along, so did rules and patterns in edition. According to Burch’, in the pas-
sage from Primitive Mode of Representation (PMR) to Institutional Mode of Representation (IMR), audio-visual
language was equipped with details of the scene and was released from the constrictions of theatrical narrative,
continuity being effected through editing rules. Such is the importance of the IMR edition system that continu-
ity editing rules are known by the name of the whole: Hollywood style*®. Basically, Hollywood style’s rules are
based on the relationships between content, rhythm, space, and time in two shots that are linked: high use of
general-situation shots, smooth transitions between shots, rhythm in edition guided by shot size, continuity in
perceptive space (180° rule), and use of transitions for ellipsis®®.

Later, a more intensified edition appeared, known as post-classical style, but which could also be named MTV
style because of its extended use in musical video clips. This form included an intensified continuity with faster
edition, a distinctive use of extreme focal-length lenses, tight framings, and more movement in camerawork'®!%.

INeuro-Com Research Group, Universitat Autbnoma de Barcelona, Barcelona, Spain. 2Division of Neurosciences,
Pablo de Olavide University, Seville, Spain. Correspondence and requests for materials should be addressed to
C.A.-S. (email: celia.andreu@uab.cat)
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Understanding film stories, despite cuts

As the filmic language has advanced, multiple prescriptions or “educational” standards among the various styles
of audio-visual edition have been discussed. For instance, Dmytryk'> made some interesting proposals about
media edition: not to cut a shot without a reason, to cut in internal movement of actors, the need to start and
end the scenes with actions, and—above all—content as a priority over aesthetics. He also talked about the view-
er’s eyeblink as a sign of distraction to be taken into account!?. This has also been stressed by the editor Walter
Murch®?, who, after working in Hollywood for several years on films such as The Godfather (1972) or Apocalypse
Now (1979), suspected that eyeblink could have a comprehension function in films. He wondered whether there is
a predictable and measurable blink that could let him know the best moment to cut a shot. Previously and in par-
allel, from fields such as psychology and frequently from research detecting failures in human communication,
eyeblink has been understood as a reflection of attention and cognitive activity'*-'6. Despite eyeblinks, with their
loss of visual input, visual experience is maintained!’, and despite the cuts in a movie, narrative content continues
being understood.

Nakano and colleagues'® have shown synchronization in eyeblinks between and within subjects watching
short video stories. Interestingly, viewer’s eyeblinks, connected to comprehension!’, seem to be linked not to
cuts'®? but to narrative. This leads us to suspect that cuts respecting continuity editing rules would not affect
narrative comprehension. In 2010, Schwan and Ildirar showed audio-visual fragments with different editing styles
and perspectives to isolated people living in the Turkish mountains, who had never before seen an audio-visual
work?"22, All participants in that experiment understood that what they were watching was a movie, and none of
them confused it with reality. Edition kept viewers from confusing screened presentation with reality. Separate
shots were understood, but narrative structure was not integrated continuously through the work. Participants
also did not perceive the subjective camera as the viewer’s angle. Moreover, they never understood that the cam-
era could become a substitution of the observer’s view. Some cinematographic discontinuity techniques construct
an apparent continuum from reality to abstraction, but previous experience is required for its comprehension?'.
Continuity seems to be related to the spectator’s expectation and attention but not to stimulus characteristics*°.
So, perceptive continuity in our real world seems to be fundamental for the understanding of ellipsis in edition.

Understanding film stories, despite eyeblinks

We all assume that if we close our eyes, the world will still be there when we open them. Eyeblink hides visual
flow for between 150 and 400 milliseconds?**-?°. Thus, visual information is hidden from viewers. Blinks interrupt
the viewer’s visual perception and are linked not only to corneal wetting and protection, but also to attention and
narrative comprehension'®-2*?, In an audio-visual context, during a conversation eyeblinks are synchronized
between listener(s) and talker®® by narrative pauses of speech. The impact of continuity editing on how people
perceive events in a narrative film has been studied in the context of brain networks®.. However, there are no
significant differences in eyeblinks within editing boundaries®.

Eyeblink while viewing video scenes has also been related to different empathy and engagement in Autism
Spectrum Disorders (ASD)*. Also, it has been observed while watching videos, that eyeblink is connected with
attentional processes, momentarily decreasing cortical activity in the dorsal attention network, but increasing at
the same time the—sometimes questioned—Default Mode Network (DMN), involved in introspection processes,
when the brain is not engaged in concrete tasks®®. Likewise, it has been connected to audio-visual consumption
via screens®”**-36, The correlation and synchronization in cognitive states in subjects watching films have also
been studied***. And there seems to be a synchrony between eyeblink and the interest in the story'®. With those
previous studies, we suspected that eyeblinks may be different depending on the attention given to video works
by media and non-media professionals. Recently, the effects of camera movement® and the impact of continuity
in cinematographic editing®***° have been analyzed from a cognitive perspective. It has also been proposed that
event segmentation is automatic and depends on processing meaningful changes in the perceived situation*!.
These previous investigations made us think that editing style could also affect eyeblinks.

Professionalization

Previous studies have indicated different cognitive patterns linked to professionalization in, for example, musi-
cians*?, surgeons®, athletes*!, or drivers*6. Wong and colleagues*® noted that the rate in ophthalmologic
surgeons decreased during the execution of surgery, from 16 to 4 eyeblinks per minute. Because of this profes-
sionalization effect, and given the vision and attention-related job of media professionals, we expect that media
professionalization affects visual behavior. Here, we consider the existence of cognitive differences between media
professionals and non-media professionals.

The present investigation addresses two aims. First, to know differences in eyeblink rate according to editing
styles; and, second, to find out whether the different editing styles evoke similar patterns of eyeblink rate in media
professionals and non-media professionals. The results suggest the presence of specific visual cognitive patterns
in media professionalization.

Results

Descriptive results. Participants were presented different editing-style stimuli with different Average Shot
Length (ASL): i) a one-shot movie (with no cuts), ii) a Hollywood-style movie (ASL =5.9sec), and iii) an MTV-
style movie (ASL=2.4sec), but all with the same narrative (Fig. 1). Spontaneous Blink Rate (SBR) of the subjects
was recorded with an electromyographic (EMG) wireless system and a High-Definition (HD) camera (Fig. 2).
The mean SBR (N = 40) was 13.776 min~! (SD = £9.641) in the one-shot movie; 13.427 min~! (SD = 4-9.338)
in the Hollywood-style movie; and 12.421 min~! (SD = +8.283) in the MT V-style movie. However, large differ-
ences were found between non-media professionals (n =20) and media professionals (n=20) in every stimulus
(Fig. 3): the one-shot movie evoked a mean SBR of 18.018 min™! (SD = £9.917) in non-media professionals
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Figure 1. Video stimuli with different editing style. (a) Three editing styles were used for the video stimuli
creation. The one-shot movie comprised a single open shot where the character was always positioned in the
middle of the picture. The Hollywood-style edited movie comprised different classical shots such as close-ups,
medium shots, and open shots, following a classical editing style. It was created from 33 shots with an ASL of
5.9 seconds. The MTV-style edited movie was created from 79 shots with an ASL of 2.4 seconds. It had close-
ups, big close-ups, full shots, medium shots, open shots, aerial shots, reverse shots, low-angle shots, no time
and space continuity, different angles, and a much less homogeneous edition than classical style. (b) Each dot
represents a cut in the edited movies. The one-shot movie had no cuts in the visual narrative; the Hollywood-
and MTV-style movies had repeated cuts. Those cuts were distributed along the videos, as represented by the
dots.

42-inch display

HD camera
recording a
close-up of
subject’s face

Subject with a
wireless EEG

Figure 2. Experimental set-up. The video stimuli were presented on a 42-inch display at a distance of 150 cm
from the subject. We recorded the participant’s eye movements with an HD camera, and the EMG activity of the
orbicularis oculi muscle with a wireless EEG/EMG device.

and of 9.534 min~! (SD = £7.386) in media professionals, the effect size, d = —0.97 and r = —0.436, exceeded
Cohen’s*” convention for a large effect (d = 0.80); the Hollywood-style movie evoked a mean SBR of 17.508 min ™!
(SD=+£10.108) in non-media professionals and of 9.347 min~! (SD = +6.462) in media professionals, with an
effect size of d=—0.962 and r = —0.433; and the MTV-style movie 15.9min~! (SD = £8.899) in non-media pro-
fessionals and 8.941 min~! (SD = £6.012) in media professionals, with an effect size of d=—0.916 and r=—
0.416. According to these descriptive results, the order in the frequency of evoked SBR depending on the style of
movie edition is (from lower to higher): MTV style - Hollywood style — one-shot style. This means that the lower
the ASL a film’s cuts have, the lower the SBR its viewers present. Our descriptive results also show clear differ-
ences in SBR related to media professionalization. We carefully analyzed all these results, looking for significant
statistical differences.

Differences in eyeblink based on editing style: one-shot style, Hollywood style and MTV style.
The statistical comparison of the frequency of the eyeblinks evoked by the different movie editing styles, inde-
pendently of the professional status, showed significant differences between them (X*(2) =7.2, p=0.027,
Friedman Test, non-parametric test). Pairwise comparison showed a substantial statistical difference only
between one-shot movie and MTV-style movie (p < 0.05, Tukey post hoc Test for Friedman Test, Dunn post hoc
Test for Friedman Test, and Student-Newman-Keuls post hoc Test for Friedman Test). By groups, we obtained
highly significant differences between editing styles in non-media professionals (p < 0.01), (X?(2) =11.1,

SCIENTIFIC REPORTS | 7:43267 | DOI: 10.1038/srep43267 3



www.nature.com/scientificreports/

B Non-media professionals
= Med:a professionals

30
23
15

8

o

One-shot movie Hollywood-style movie MTV-style movie

SBR min-1

Figure 3. Comparison of spontaneous blink rate (SBR) in non-media professionals and media professionals
in different editing styles. According to our results, non-media professionals have a higher SBR than media
professionals in every editing-style movie; this may be due to the occupational use of screens by media workers.
Our results suggest that the shorter the length of the shots in an audio-visual work, the lower the SBR. Our data
show a greater homogeneity in media professional subjects than in non-media professionals in every editing
style analyzed: one-shot movie (non-media professionals, SD = £9.338; media professionals, SD = +7.386),
Hollywood-style movie (non-media professionals, SD = £10.108; media professionals, SD = +6.462), and
MTV-style movie (non-media professionals, SD = £-8.899; media professionals, SD = £6.012).

. _ Wilcoxon Signed
One-shot movie - Hollywood-style Z=-129 0.199 Rank Test
One-shot movie - Hollywood-style, in non-media professionals | t(19)=0.704 | 0.490 t-test
One-shot movie - Hollywood-style, in media professionals t(19)=0.272 | 0.789 t-test
_ Wilcoxon Signed
Hollywood-style - MTV-style Z=-1.909 0.057 Rank Test
Hollywood-style - MTV-style, in non-media professionals t(19)=1.760 | 0.094 t-test
Hollywood-style - MTV-style, in media professionals t(19)=0.764 | 0.454 t-test
One-shot movie - MTV-style Z=-2406 | 0016+ | Wilcoxon Signed
Rank Test
One-shot movie - MTV-style, in non-media professionals Z=-2.464 | 0.012* Wilcoxon Signed
Rank Test
One-shot movie - MTV-style, in media professionals t(19) =0.969 0.345 t-test

Table 1. Pairwise comparisons in editing styles. Results from pairwise comparison between the editing styles
analyzed in this investigation: one-shot, Hollywood-style, and MTV-style. We applied a Wilcoxon Signed
Rank Test for non-normal distributions, and a two-tailed t-test for normal distributions. Previously, we used a
Normality Test (Shapiro-Wilk) for analyzing normality distribution of data. We found substantial differences
between one-shot movie and MTV editing styles for the whole set of subjects, and for the group of non-media
professionals. *p < 0.05.

p=0.004, Friedman Test, non-parametric test). We did, again, pairwise comparison between the different editing
styles. We obtained substantial differences between one-shot movie and MTV style (p < 0.05, Tukey post hoc Test
for Friedman Test, Dunn post hoc Test for Friedman Test and Student-Newman-Keuls post hoc Test for Friedman
Test) and, also, between one-shot movie and Hollywood style, on one hand, and Hollywood style and MTYV style,
on the other (p < 0.05, Student-Newman-Keuls post hoc Test for Friedman Test. However, media professionals
did not show significant differences in eyeblink rate based on editing styles (F (2, 19) =0.487, p=0.618, one-way
Repeated Measures ANOVA).

With the aim of contrasting these results, we also did a pairwise comparison (one-shot movie -
Hollywood-style movie; Hollywood-style movie - MTV-style movie; one-shot movie - MTV-style movie)
(Table 1). Again, we obtained significant differences between one-shot movie and MTV style in the whole
group (W= —358, Z=—2.406, p=0.016, Wilcoxon Signed Rank Test, non-parametric test), and specifically in
non-media professionals (W= —132, Z= —2.464, p=0.012, Wilcoxon Signed Rank Test, non-parametric test).
The rest of the pairwise comparisons did not show significant differences.

According to our results, MTV editing style inhibits eyeblink rate considerably, compared with one-shot
movie edition. However, this is not significant in media professionals. Non-media professionals also show sub-
stantial (but not so strong) differences in SBR between Hollywood and MTV styles, and between one-shot movie
and Hollywood style. Interestingly, media professionals do not change their blink rate depending on the style of
the edition, while non-media professionals do.

Differences in eyeblink rate between non-media and media professionals. Several stud-
ies have shown cognitive differences related to professionalization in many areas, as mentioned before*~*.
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Here we found that, on the whole, there are statistical differences in eyeblink rate between these two groups
(p<0.01), (Mann-Whitney U= 86, n=20, p=0.002, Mann-Whitney Rank Sum Test, non-parametric test).
These differences are present in every edited movie style analyzed: one-shot movie (p < 0.01), (Mann-Whitney
U=86.5, n=20, p=0.002, Mann-Whitney Rank Sum Test, non-parametric test); Hollywood-style movie
(p<0.01), (Mann-Whitney U= 90, n =20, p=0.003, Mann-Whitney Rank Sum Test, non-parametric test); and
MTV-editing-style movie (p < 0.01), Mann-Whitney U= 94.5, n =20, p=0.004, Mann-Whitney Rank Sum Test,
non-parametric test).

In accordance with the results, there is a professionalization of visual perception, related to eyeblink rate, in
media workers. They show statistical differences in each type of editing style, with lower SBR than non-media
professionals.

Discussion

Differences in the style of edition of an audio-visual work have consequences for the viewers’ visual perception.
The eyeblink rate decreases with the decrease of the ASL. This may be to lessen the effect of the discontinuity
created by the constant cuts. In our results, the MT V-editing-style movie evoked the lowest eyeblink rate, fol-
lowed by the Hollywood style, and, finally, the one-shot style. These differences were statistically significant when
comparing MTV style with a one-shot movie, but no substantial differences were found comparing Hollywood
style with MTV style. This may be due to the length of the stimuli used (198 seconds). Probably, longer stimulus
duration would have increased differences between these two edition styles. We decided not to use such stimuli in
our study in an attempt to avoid participants’ boredom during experimentation sessions. However, in the future,
we plan to test this hypothesis with different and longer stimuli. Attention has been reported to be connected with
the frequency of eyeblink!®. Thus, according to our results, an MTV editing style should increase the attention
level of viewers, though we did not apply an attention-level protocol to determine and confirm this. By groups,
while non-media participants showed differences in SBR between each style of edition, media professionals did
not. They had a similar eyeblink rate, independently of the ASL.

We suggest that this result may be a consequence of the high level of attention they are used to paying to
audio-visual tasks as part of their job. It seems that in their viewing, attention level is more important than the
characteristics of the media stimuli.

We found big differences in eyeblink rate between non-media and media professionals in every editing style
analyzed. The former presented a higher frequency of eyeblink than the latter, regardless of the style of edition.
This could be of interest for media professionals’ visual health. Our results, then, suggest that there are differences
in visual perception between these two groups, and that media professionalization decreases eyeblink rate, inde-
pendently of the media work characteristics. Eyeblinks also have physiological functions*, since they protect the
cornea and participate in the visual process**’. An excessive decrease of eyeblink as a result of spending many
hours using screens can provoke computer vision syndrome?®, including corneal lesions, blurred vision, or dry
eyes. Thus, editing styles linked to an increase in eyeblink rate should be of interest in audio-visual production
contexts and to departments of labor charged with workers’ safety and health. Making longer shots (with higher
ASL) in audio-visual works could help to prevent visual problems for viewers. However, this could also affect their
attention. Therefore, media creators should balance these two parameters (eye protection and attention) for the
sake of their viewers and of their own success. These results invite us to continue with research to find cognitive
patterns in media professionalization. At the same time, we wonder whether different editing styles might also
show differences related to the number of hours of media consumption. It would be interesting to compare young
people, who spend a lot of time watching media content, with media professionals. We think that media profes-
sionalization might also be a factor in that comparison.

Methods

Participants. Twenty media professionals (16 male, 4 female; age 30-56 years) and 20 non-media profession-
als (15 male, 5 female; age 28-56 years) with normal or corrected-to-normal visual acuity took part in the study.
Media professionals were chosen following the criterion of a minimum of 6 years of experience making decisions
related to media editing and audio-visual cuts in their everyday work. They were producers, assistant producers,
cameramen, image controllers, documentalists, graphic designers, post-production editors, sports commentators,
and video editors. Non-media professionals were carefully chosen outside this criterion, being individuals who
did not make decisions related to media editing and audio-visual cuts in their work. They were journalists without
media editing responsibilities, computer specialists, administrative and management assistants, telecommuni-
cation engineers, electronics technicians, stylists, specialists in prevention of occupational risks, and executive
producers without artistic profile. All experiments were performed in accordance with relevant guidelines and
regulations, with the ethics approval of the University Autonoma de Barcelona (Ethics Commission for Research
with Animals and Humans, CEEAH); all participants (N =40) gave prior written informed consent.

Experimental stimuli.  Four stimuli with the same narrative but different video edition style were designed
(Fig. 1). Three of them were videos of 198 seconds, and the fourth was a live enactment of around the same dura-
tion. The first stimulus was a one-shot movie with an open shot of the action. The second stimulus was edited
according to IMR or classical Hollywood style with a total of 33 different shots and an ASL of 5.9 seconds. The
third stimulus was edited by post-classical or MTV-style rules; it comprised 79 shots that did not follow classical
editing rules, and had an ASL of 2.4 seconds. The fourth stimulus was a live enactment of the same audio-visual
storytelling. The four stimuli were presented preceded by 30 seconds of black screen. The narrative in all the
videos and the enactment was the same: a man entered a room, sat at a desk, juggled with three balls, opened a
laptop, looked up information in some books, wrote in the laptop, closed the laptop, ate an apple, looked directly
into camera with alternate friendly and sad expression, and left the room (Supplementary Video S1).
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Experimental set-up. The video stimuli were presented on a 42-inch HD LED display (PanasonicTH-
42PZ70EA, Panasonic Corporation). Participants were placed 150 cm in front of the screen. The stimuli were
presented and synchronized with Paradigm Stimulus Presentation (Perception Research System Incorporated),
and stimulus presentation was randomized.

Participants’ faces were recorded throughout in a close-up shot, with an HD video camera (Sony
HDR-GW55VE, Sony Corporation) at 25 frames per second. Simultaneously, EMG signals were recorded with the
help of a wireless Enobio 20 EEG/EMG system (Neuroelectrics®) and of NicOffline software (Neuroelectrics®)
for data acquisition. The EMG electrodes were placed according to the international 10-20 system. The experi-
mental set-up allowed participants to be comfortable during the sessions (Fig. 2).

Data analysis. For the analysis of the data, we used results from the three video stimuli. We analyzed eye-
blinks following two methods: EMG signals and recorded HD videos. For the EMG signal, we worked with
Brainstorm®, filtered to 0.5-3 Hz, and applied Brainstorm’s eyeblink detectors in Electrooculogram, Fp1 and
Fp2. Then, we carefully checked the detections obtained, as proposed by Tadel and colleagues®. For the recorded
HD videos, we manually looked for the eyeblinks in each participant and stimulus, following the guidelines of
Nakano and colleagues'®. We compared one by one results obtained from the two methods to check and get a
final list of eyeblinks for later analysis. Statistical analysis was carried out with Sigmaplot 11.0 (Systat Software
Inc.) with parametric and non-parametric tests based on Shapiro-Wilk Test results for testing the normality of
the data. We used an alpha level of 0.05 for all statistical tests. We worked with the mean of eyeblinks per minute
in each stimulus.
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Chaotic and Fast Audiovisuals Increase Attentional Scope but
Decrease Conscious Processing
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Abstract—Audiovisual cuts involve spatial, temporal, and action narrative leaps. They can even change the mean-
ing of the narrative through film editing. Many cuts are not consciously perceived, others are, just as we perceive
or not the changes in real events. In this paper, we analyze the effects of cuts and different editing styles on 36
subjects, using electroencephalographic (EEG) techniques and the projection of stimuli with different audiovisual
style of edition but the same narrative. Eyeblinks, event-related potentials (ERPs), EEG spectral power and distur-
bances, and the functional and effective connectivity before and after the cuts were analyzed. Cuts decreased
blink frequency in the first second following them. Cuts also caused an increase of the alpha rhythm, with a cor-
tical evolution from visual toward rostral areas. There were marked differences between a video-clip editing style,
with greater activities evoked in visual areas, and the classic continuous style of editing, which presented greater
activities in the frontal zones. This was reflected by differences in the theta rhythm between 200 and 400 ms, in
visual and frontal zones, and can be connected to the different demands that each style of edition makes on work-
ing memory and conscious processing after cutting. Also, at the time of cuts, the causality between visual,
somatosensory, and frontal networks is altered in any editing style. Our findings suggest that cuts affect media
perception and chaotic and fast audiovisuals increase attentional scope but decrease conscious processing.
© 2018 IBRO. Published by Elsevier Ltd. All rights reserved.

Key words: visual perception, neurocinematics, brain connectivity, film editing.

INTRODUCTION role in the proper understanding of the story (Zacks et al.,
2007, 2010). Moreover, editing rules have evolved from
the organized classical Hollywood style (Bordwell et al.,
1985) to the messy post-classical style (Bordwell, 2002),
also known as MTV style due to the style of edition used
in video-clips.

Although movies have plenty of cuts, viewers hardly
notice them when watching a film and they do not seem
to cause people to perceive event boundaries (Zacks
et al., 2009). Since the beginning of conceptual analysis

of the cinema, cuts in movies have been a matter of inter- Many researchers and theorists have been interested

est (Minsterberg, 1916; Bordwell et al., 1985; Gunning, in investigating the perception of cuts in media (Germeys
1994). During the last few decades, shot lengths have and d'Ydewalle, 2007; Magliano and Zacks, 2011;
?gzosmrtir’lgo'zg fr?m ggggt C1:Os In thel 192%(15% atr;d Francuz and Zabielska-Mendyk, 2013). To determine
c s to :°¥V sha ter (Cutting et al., ) a,p). visual perception of cuts, different approaches have been

uts are, by far, the most common transition between developed. A widely used method, in a psychological con-

shgts (Cct;tti:g et al.r,] 201h1a,b; Cu'tti.ng,deO16), an(fjf the text, is analyzing eyeblinks and eye movements. Many
Or: eran ,t € \;vaz that s OES_ are {o!ne 19}9?”&‘%'3 ECtS filmmakers have pointed out the narrative functions of
the meaning of the story (Eisenstein, , ruleshov, blinking and its relation to attentional processes
1974;.Carr.oll and Bever, 1976). Event Segmeptatlon of (Munsterberg, 1916; Reisz and Millar, 1971; Huston and
narrative cinema has been proposed to be an important Long, 2001). The film editor Walter Murch has explicitly
component in the perception process, as it plays a critical proposed the putative relationships between the fre-
quency of blinking and the moment of cutting (Murch,
*Corresponding author. 1995). In this sense, eyeblinks are involved in the process
E-mail address: celia.andreu@uab.cat (C. Andreu-Sanchez). of attentional disengagement while viewing videos
Abbreviations: ASL, average shot length; EEG, o

electroencephalography; EOG, electrooculogram; ERP, event-related (Nakano et al., 2013). Indeed, a synchronization of spon-

potential; ERSP, event-related spectral perturbation; PLV, phase- taneous eyeblinks while viewing video stories occurs
locking value; SBR, spontaneous blink rate.
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when the level of attention required to understand the
story is rather low (Nakano et al., 2009), while inhibition
of blinking is associated to a higher level of engagement
with visual content (Shultz et al., 2011). Recently, eye-
blinks have also been linked to the style of edition and
cuts: the shorter the average shot length (ASL) between
cuts the lower the blinking rate (Andreu-Sanchez et al.,
2017a). It has also been proven that viewing a narrative
in an edited movie provokes a lower spontaneous blink
rate (SBR) compared with receiving the same story in
actual performance (live or screened performance)
(Andreu-Sanchez et al., 2017b), and some authors have
argued that cuts are invisible due to blinks and saccades
(Murch, 1995; Cutting, 2005). Although viewers miss
many cuts, especially those with continuity of scene or
action, the probability that a blink occurs at the moment
of an edit is 1.2%, and missed cuts seem not to be linked
to blinks (Smith and Henderson, 2008). In spite of the dis-
continuity that cuts present, by making spatial-temporal,
action, narrative, or movement interruptions (Cutting,
2014), narratives present in films are comprehensible
for viewers, even those who have not experienced media
content before (Schwan and lldirar, 2010). The pristine
understanding of audiovisual cuts is connected to the
way the brain processes reality by fragmenting it into
events.

d’Ydewalle and Vanderbeeken detected that, after a
cut, eye movements initially decreased, and then
increased 200—-400 ms after it. They proposed a two-
stage model in which viewers focus their attention on
the new visual information immediately after the cut,
subsequently trying to reconstruct and reconnect the
new information with that prior to the cut (d’Ydewalle
and Vanderbeeken, 1990). Years later, Germeys and
d’Ydewalle designed an experiment to discover what hap-
pens during the 200—400 ms following the cut. They found
that eye movement in the shot following the cut depends
on the distance between where the most informative part
of the shot is positioned and where the most informative
part of the preceding shot is situated in the new one. If
there is no distance between them, there is no eye move-
ment in the 200-400-ms interval, while any distance elic-
its eye movement during that interval, with a peak that is a
function of the distance. They concluded that the consis-
tency of the narrative in the film overrules the effects of
cuts (Germeys and d’Ydewalle, 2007). That would be
compatible with the evoked brain responses found at
event boundaries in reality and narrative cinema (Zacks
et al., 2001, 2007, 2009, 2010). The cinematographic
perception of editing seems to be a particular case of
how the brain processes events, the sequences of every-
day life, through summaries of simulation for their
understanding.

Another way to address visual perception of cuts in
movies is through the analysis of
electroencephalography (EEG) responses. In a pioneer
approach, Gastaut and Bert proposed the study of
cinematographic projection through EEG, concluding
that the most banal film projection, even without content
that can provoke emotional reactions in most subjects,
is capable of substantially modifying the EEG of a

normal adult (Cohen-Séat et al., 1954; Gastaut and
Bert, 1954). Differences between the mean amplitude of
potentials evoked by related and unrelated cuts have also
been analyzed. The amplitude of event-related potentials
(ERPs) in response to cuts in audiovisual material is more
positive at the back of the head and more negative at the
front, for unrelated cuts (Francuz and Zabielska-Mendyk,
2013). Reeves and colleagues related the presence of
alpha waves in central and occipital locations with edits.
According to them, alpha reacted (within 500 ms) to the
stimulus. They showed that it is possible to predict alpha
using only measures of visual structure and concluded
that movement and edits produce rapid alpha drops fol-
lowed by recovery (Reeves et al., 1985). This would be
consistent with alpha reactions to simple real-world
events and would indicate that physical boundaries of
media content may not be an important demarcation in
visual perception. According to Magliano and Zacks, there
are robust increases in activity in visual processing areas
at continuity edits, related to the novel visual information
supplied by the shot after the cut (Magliano and Zacks,
2011). Gallese and colleagues (Heimann et al., 2016)
have recently reconsidered the differences between cuts
that join related shots and cuts that do not, as other inves-
tigations had previously done (Geiger and Reeves, 1993;
Lang et al., 1993; Francuz and Zabielska-Mendyk, 2013).
In their case, they looked for differences between continu-
ity edits and cuts-across-the-line edits. The former
respect the 180° rule—which proposes the maintenance
of an axis of 180° between shots avoiding spatial visual
jumps—, the latter violate it. Making an ERP analysis,
they did not find differences between continuity edits
and cuts-across-the-line between 140 ms and 380 ms
after the cut. However, their results did show differences
between 400 ms and 650 ms after the cut, with a signifi-
cantly higher potential in left anterior regions (P4-6) for
continuity edits than for cuts-across-the-line (Heimann
et al., 2016).

In our study, we have specifically investigated what
happens after a cut depending on the style of edition.
We addressed this question by analyzing the SBR
and the electrical brain activity and functional
connectivity following cuts. Since the cuts are part of
edition, we have included the style of movie edition as
a factor.

EXPERIMENTAL PROCEDURES
Participants

Thirty-six participants, aged 28-56 (43.97 + 8.07) years,
with normal or corrected-to-normal visual acuity, were
recruited for this experiment. Subjects did not receive
any economic compensation for participating in this
investigation. Procedures were in compliance with
relevant guidelines and regulation for human research
and approved by the Ethics Commission for Research
with Animals and Humans (CEEAH) of the University
Autonoma de Barcelona. All participants gave prior
written informed consent to participate in the study.
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Stimuli and experimental design

For this series of works, we had created four stimuli with
the same narrative content but different formats. Three
stimuli were videos with distinct style of edition (a one-
shot movie, a Hollywood-style movie, and an MTV-style
movie) and the fourth stimulus was a live performance.
The different stimuli were randomly presented to
participants (see Andreu-Sanchez et al., 2017b, for
details). The narrative consisted of a man who entered
a room with a black background, sat at a desk, juggled
with three balls, opened a laptop, looked up some infor-
mation in books, wrote something in the laptop, closed
it, ate an apple, looked directly into camera, and left the
room. Since the interest of this investigation is to study
the cut, for the present paper we analyzed results only
from the two stimuli containing cuts: the Hollywood-style
and MTV-style movies, each with a total duration of
198 s (Fig. 1). The Hollywood-style movie had 33 shots
with an ASL of 5.9s, and followed classical continuity
editing rules, with smooth transitions and perceptive con-
tinuity. The MTV-style movie had 79 shots with an ASL of
2.4 s, and was characterized by short moved shots, sud-
den moves in the frame, and a continuous motion of the
camera. A total of 112 cuts form the sample used in this
investigation.

EEG recording and storage

Continuous EEG was recorded using the wireless
Enobio® system (Neuroelectrics, Barcelona, Spain) with
20 electrodes placed according to the International 10—
20 System [O1, 02, P7, P3, Pz, P4, P8, T7, C3, Cz,
C4, T8, F7, F3, Fz, F4, F8, Fp1, Fp2, and an external
electrode used for electrooculogram (EOG) recording]
referenced to electronically linked mastoid electrodes
(see Martin-Pascual et al., 2018, for details). The EOG
electrode was positioned vertically at the infraorbital ridge
and the lower outer canthus of the left eye and was used
to monitor eyeblinks. Data were sampled at 500 Hz. In
order to have a good quality of EEG signal, participants
were asked to wash their hair before attending the ses-
sion and to avoid any chemical product on it (such as hair-
spray or similar). An HD-video camera recorded

participants’ faces with a close-up for contrasting their
eye movements and blinking during the analysis of the
eyeblink rate.

Eyeblink analysis

In this study, we detected and quantified participants’
blink rate related to cuts. For detecting eyeblink rate, we
processed original data with Brainstorm open-source
version 3 running on MATLAB R2013a (The Mathworks
Inc., Natick, MA, USA) under a MacOS version 10.9.5
(Apple Inc., Cupertino, CA, USA). We filtered the signal
from 0.5Hz to 3 Hz, applied Brainstorm’s eyeblink
detector, and carefully checked results (Tadel et al,
2015). For contrast purposes, we also manually checked
videos recorded with an HD-video camera looking at the
eyeblinks (Nakano and Kitazawa, 2010). For the analysis
of the eyeblink rate, we compared the rate of eyeblinks
per minute, 1 s after the cut, with the rate during the rest
of the stimuli. The statistical analysis of eyeblink rates
was developed using Sigmaplot 11.0 (Systat Software
Inc., San Jose, CA, USA).

EEG data analysis

For EEG analysis, data processing was carried out using
the EEGLAB (Delorme and Makeig, 2004) open-source
software version 15.3 running on MATLAB R2013a (The
Mathworks Inc.) under a MacOS version 10.9.5 (Apple
Inc.). We used a spherical BESA® template for channel
location. We computed average reference, and band-
passed with filter between 0.5 Hz and 40 Hz. We made
the epochs 500 ms before and 1000 ms after the cut,
removing the baseline. For rejecting artifacts, bad chan-
nels, and wrong data, we used visual inspection and the
ADJUST plug-in (Mognon et al., 2010) for EEGLAB, after
applying independent component analysis. To locate
dipoles, we used a DIPFIT plugin.

We analyzed frontal, somatomotor, and parieto-
occipital brain activities related to cuts. For the frontal
area, we analyzed the activity recorded with F7, F3, Fz,
F4, and F8 electrodes. For the somatomotor area, we
analyzed electrodes C3, Cz, and C4. The parieto-
occipital area was studied with electrodes P7, P3, Pz,

Fig. 1. Frames of stimuli. (A) Four frames of Hollywood-style movie. This stimulus was composed of 33 shots with an ASL of 5.9 s. It comprised
different classical shots such as open shots (1), medium shots (2), close-ups (3), and detailed shots (4). (B) Four frames of MTV-style movie. This
stimulus was composed of 79 shots with an ASL of 2.4 s. It comprised different MTV-style shots such as detailed shots with abrupt camera
movements (1), close-ups with an aerial perspective (2), medium shots from a reverse angle (3), and detailed shots breaking the 180° rule (4).
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P4, P8, O1, and O2. Analyses were done to contrast
differences before-after cuts. We also looked for
differences between the cuts in the two styles of edition
applied here. For spectral analyses, we took the time
window of —100 ms to O ms as condition “before the
cut”, and the time window of 200-300 ms after the cut
as condition “after the cut”. We analyzed those
conditions in frontal, somatosensory, and parieto-
occipital areas, in the alpha (8-12Hz) band (for
comparisons before—after the cut, and Hollywood-MTV-
styles of edition). We also analyzed the theta (4-8 Hz)
band in event-related spectral perturbation (ERSP) for
comparison between the styles of edition. For the
analysis of ERP, we took epochs of 1500 ms, 500 ms
before the cut and 1000 ms after the cut. Each
participant attended 112 cuts, which makes a potential
total amount of 4032 epochs before discarding the bad
ones. For the statistical analysis of power spectra and
ERPs we used EEGLAB Statistics Toolbox and
Sigmaplot 11.0 (Systat Software Inc.).

Functional and effective connectivity analysis

To analyze the possible causality of the effects of
audiovisual cuts between brain areas, we used a
MATLAB toolbox: HERMES (Niso et al., 2013) (see Her-
mes: open-source toolbox for time series connectivity
analysis; http://hermes.ctb.upm.es). We used clean data-
sets resulting from the described filtering. We chose one
approach to determine functional connectivity and
another to study effective connectivity. Functional con-
nectivity refers to temporal correlation between two elec-
tro/neurophysiological measurements from different parts
of the brain (Friston et al., 1993). Effective connectivity
should be understood as the simplest experimental, and
time-dependent circuit that replicates the timing relation-
ships between the recorded sources (Aertsen and
Preil3l, 1991). Functional connectivity alludes to statistical
dependence between signals and effective connectivity to
the causal interactions between them (Friston, 1994;
Cela-Conde et al., 2013; Niso et al., 2013). A phase syn-
chronization index has been studied as a functional con-
nectivity and a Granger causality measure as an
effective connectivity.

The phase synchronization index used is Phase-
Locking Value (PLV). PLV uses responses to a
repeated stimulus and looks for latencies at which the
phase difference between the signals varies little across
trials (phase-locking). Given two series of signals x and
y and a frequency of interest f, the PLV method
computes a measurement of phase-locking between the
components of x and y at frequency f for each latency
(Lachaux et al., 1999). We plotted the averaged connec-
tivity of PLV in 36 participants with 100 surrogates of the
original data. For the statistical analysis of PLV, we
applied a Wilcoxon test with multiple comparisons with
false discovery rate of Type 1 (g = 0.1) to the data with
100 surrogates. We looked for the significant differences
(p < 0.05) between time windows, and between styles
of edition. Unless otherwise indicated, mean values are
followed by the standard deviation of the mean.

We also applied classical linear Granger causality.
This index is based on the idea that for two
simultaneously measured signals x(f) and y({), if the first
signal can be predicted better by incorporating the past
information from the second signal than using only the
information from the first, then the second signal can be
called causal to the first (Wiener, 1956; Granger, 1969;
Niso et al., 2013). Granger (1969) argued that when x is
influencing y, if you add past values of x(t) to the regres-
sion of y(t), the prediction will be improved. For our anal-
ysis of Granger causality, we did a Wilcoxon test with 100
surrogates, with a false discovery rate correction of Type
1 (g = 0.1). We looked for and plotted the significant dif-
ferences (p < 0.05), between time windows and styles of
edition.

More information about the implementation of these
indices in HERMES is available elsewhere (Niso et al.,
2013).

Statistical analysis

We performed different statistical analysis for each
approach. For the eyeblink study, we performed
parametric Student’s paired ¢ tests, taking as significant
differences those where p < 0.05. For the spectral
studies in the cut, we applied the non-parametric
Wilcoxon Signed Rank Test for “before” and “after”
condition, with p < 0.05. For spectral studies in the cut,
given the style of edition, we performed a two-way
repeated measures ANOVA. We used the same
approach for ERPs analysis. For multiple comparison
procedures we used the Holm-Sidak method with a
significance level of p < 0.05. In synchronization and
causality studies, we did 100 surrogates of data and a
non-parametric Wilcoxon test, with multiple comparisons
with false discovery rate Type 1 (g = 0.1). In all cases,
significant differences were studied based on p < 0.05.

RESULTS
Temporal relationships between eyeblinks and cuts

Each subject (n = 36) was exposed to 112 cuts (33 cuts
in a Hollywood-editing-style movie and 79 cuts in an MTV-
style movie). To examine the temporal relationship
between eyeblinks and cuts, we used the cuts as a
trigger and quantified the number of eyeblinks taking
place in the 1st second after them. We compared these
results with the average of eyeblinks taking place
outside this 1-s time window. The mean SBR in the first
1s after all (n = 112) cuts was 11.07 + 7.66 min~",
while during the rest of the time it was 12.33
+ 7.61min~". In Hollywood-style stimulus, the mean
SBR 1s after cuts (n = 33) was 11.01 + 8.23 min™ ",
while in the rest of the stimulus it was 12.78
+ 8.51 min~". In MTV-style stimulus, the SBR 1s after
cuts (n = 79) was 11.14 + 7.63 min~", and in the rest
of the stimulus it was 11.87 + 7.148 min~".

The statistical comparison between eyeblinks 1 s after
the cuts and eyeblinks in the rest of movie presentation
was statistically significant (fzs) = —2.719, p = 0.01,
Student’s paired { test) for all presented cuts. These
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results suggest that cuts in video editing may inhibit the
SBR. In the comparison of SBR 1s after the cut and
during the rest of the time after the cut in the
Hollywood-editing-style movie, we also found significant
differences (t 35y = —2.513, p = 0.017, Student’s paired
t test). However, our results did not show statistically
significant  differences  (fz5) = —1.482, p = 0.147,
Student’s paired t test) in MTV editing style. In a
previous study (Andreu-Sanchez et al., 2017a), we found
that the style of the edition in a movie and the number of
cuts affect SBR. According to these previous results, MTV
editing style inhibits SBR during the viewing of the whole
movie. Here, we also wanted to compare whether SBR
1 s after the cut was affected by the editing style of the
work. For that, we compared SBR 1 s after the cut in Hol-
lywood style with SBR 1 s after the cut in MTV style. We
obtained no significant differences (f (35 = —0.813,
p = 0.856, Student’s paired t test) between the two edit-
ing styles (Fig. 2).

The above results suggest that cuts in video editing
inhibit SBR during the first second following the cut. In
the Hollywood-editing-style movie, we found significant
differences, but not in MTV. We compared SBR 1s
after the cut in Hollywood style with SBR 1 s after the
cut in MTV style, and no significant differences were
obtained. In the style of edition where cuts are not so
constant but are narratively consistent —as in classical
Hollywood style— a cut provokes a decrease in the
eyeblink rate. However, in the style of edition where
cuts are more frequent, they do not seem to affect SBR
as viewers already show a decreased eyeblink rate
during the whole stimulus (Andreu-Sanchez et al,
2017a).

Spectral analysis of EEG recordings after the cut

We wondered whether cuts would provoke a specific
brain activity response and, if so, whether such
response had any relationship with visual perception.
Previous works have linked the alpha band with a
change in attention (Reeves et al., 1985; Klimesch
et al.,, 1998; Aftanas and Golocheikine, 2001; Sauseng
et al., 2005). In accordance, we quantified the median
alpha band (8—12 Hz) power before and after the cut over
frontal, somatomotor, and parieto-occipital areas, and
looked for differences. For the “before” condition, we took
the time window of —100 ms to 0 ms before the cut; for
the “after” condition, the time window of 200 ms to
300 ms after the cut. We found significant differences in
the parieto-occipital area (P7, P3, Pz, P4, P8, O1, and
02) (Z = 5.169, p < 0.001, Wilcoxon Signed Rank Test)
after the cut, with an increase of the power spectra in
the alpha band. The cut provoked an increase in the alpha
power in the parieto-occipital area. For the somatomotor
area, we analyzed C3, Cz, and C4 electrodes in the alpha
band. Analyzing the power spectra of these three elec-
trodes together, there was a significant increase
(Z = 3.158, p = 0.002, Wilcoxon Signed Rank Test) after
the cut. Due to the known contralateral activity of this pre-
motor area, we analyzed the three electrodes indepen-
dently, and did not find such differences in either of the
electrodes C3 and C4; however, Cz did present a
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Fig. 2. Temporal relationship between eyeblinks and cuts. (A) We
computed SBR 1s after cuts and during the rest of the movie
presentation, and then calculated SBR x min~", for later analysis. B.
Descriptive statistics for eyeblink rate of participants in the mentioned
conditions: 1 s after the cut and during the rest of the movie, for the
two edition styles. The mean of SBRs was lower 1 s after the cut than
during the rest of the movie, regardless of the style of edition. C.
Eyeblink rate 1 s after the cut and during the rest of the stimulus, in
Hollywood-style movie (n = 33 cuts), in MTV-style movie (n = 79
cuts), and in both styles of edition (n = 112 cuts). Lines denote the
median. Circles denote data points. ‘Denotes significant differences
found with Student’s t-test comparison, after the cut and during the
rest of the period after the cut.

significant increase (Z = 2.969, p = 0.003, Wilcoxon
Signed Rank Test). According to our results, the frontal
area (electrodes F7, F3, Fz, F4 and F8) also showed a
significant increase in alpha power spectra (Z = 5.232,
p < 0.001, Wilcoxon Signed Rank Test) after the cut.

ERPs associated with perception of cuts

We analyzed ERP signatures for epochs of 1500 ms
(from 500 ms before the cut to 1000 ms after it) in each
of the electrodes. We computed a two-way repeated
measures ANOVA. The procedure took as factors the
brain area and latency to study ERP progression
through the brain. We obtained means of potentials
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based on three brain areas (frontal, with the mean of
electrodes F7, F3, Fz, F4, and F8; medial, with the
mean of C3, Cz, and C4; and occipital, with the mean of
P7, P3, Pz, P4, P8, O1, and O2), and three latencies
for latency factor (400-600 ms, 600—-800 ms, and 800—
1000 ms). We found a significant effect related to the
brain area [F@70) = 10.855; p < 0.001] and to the
interaction  brain  area x latency  [F(4 140y = 6.989;
p < 0.001]. According to our results, and as already
reported for visual perception (Milner and Goodale,
2006; Hegde, 2008), as the time after the cut progresses,
the potential moves from the occipital to the frontal area
(see Figs. 3 and 4).

Differences in power spectra of EEG recordings
carried out following cuts performed with Hollywood
and MTV styles

For studying the differences between the two edition
styles, frequency analyses of interest were defined by
comparing their spectral power from 2 Hz to 40 Hz. We
found statistical differences in some points of the alpha
and theta bands (Fig. 5). To determine whether those
differences were solid in the alpha band, we computed
a two-way repeated measures ANOVA (with two factor
repetitions: style and brain area) comparing the whole
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epoch of 1500 ms (from —500 ms to 1000 ms). With this
approach, we did not find differences between
Hollywood and MTV styles in the alpha band (8—12 Hz),
[Fs,1) = 0.416, p = 0.523]. However, we found
statistically significant differences related to brain area
[Fas,2) = 24.987, p < 0.001]. The lowest power spectra
were found in the somatomotor area, followed by the
frontal area, and the highest was found in the parieto-
occipital area. To study differences in the theta band,
we plotted ERSPs in frontal, somatomotor, and parieto-
occipital electrodes, and found statistically significant
differences between Hollywood and MTV styles at
200 ms and 400 ms after the cut in frontal and occipital
electrodes (some electrodes are shown in Fig. 6).

ERPs evoked by the two different edition styles

With the aim of comparing differences in ERPs after the
cut based on the style of edition, we computed four two-
way repeated measures ANOVA with four different time
windows. The first time window was 200-400 ms after
the cut; the second was 400-600 ms after the cut; the
third was 600-800 ms after the cut; and the fourth was
800-1000 ms after the cut. In all the analyses, the two
factors were brain area and style of edition. For the first
factor —brain area— we again obtained means of
potentials of frontal (electrodes
F7, F3, Fz, F4, and F8), medial
(C3, Cz, and C4), and occipital
(P7, P3, Pz, P4, P8, O1, and O2)
areas. For the second factor —
style of edition— we used, per
subject, the 33 epochs in
Hollywood style and the 79
epochs in MTV style. For each
style of edition, each epoch

corresponds with a cut (Fig. 7).
In the first time window (200—
400 ms after the cut), we found
statistical differences related to
brain area [F(2 70) = 4.291;
p = 0.018]. Given the time since
information

presented the highest potential,
as expected. In that area, a
multiple comparison procedure
(Holm-Sidak method) shows that
the style of editing is a differential
factor [t = 1.99; p = 0.05]. Cuts
in MTV style provoke higher
potential than in Hollywood style
1.5V in that brain area.

In the second time window
(400-600 ms after the cut), we
again found statistical differences
1uv related to brain area

[Fi2,70) = 10.291; p < 0.001], as

Fig. 3. Topographic display of averaged ERPs for all subjects. ERPs plotted for a 1500-ms period  ggen in the previous section. In

starting 500 ms before the cut. EEG recordings were triggered with cuts (vertical line). Data were
obtained from 36 subjects during the viewing of two movies edited with different styles. The horizontal
line indicates the 0 level, whereas the positive part of the vertical line indicates the calibration bar. For area  presented the

all traces, positive is up.

this time after the cut, the occipital
highest
potential, followed by the medial
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Fig. 4. ERPs related to cuts. (A) EEG potential (in nV) recorded by frontal, medial, and occipital
electrodes. For all traces, positive is up. Cuts provoked an increase of the activity of the occipital area
starting at the moment of the cut. This increase was maintained during the 800 ms after the cut,
reaching a peaking point between 400 ms and 600 ms. After that, activity seemed to stabilize. Around
200 ms after this increase started in the occipital area, an increase of activity appeared in medial
areas, and 200 ms after that the increase of activity arrived in the frontal area. According to our
results, processing in the cortex of a cinematic cut goes from the occipital area to anterior zones in
coherence with what we know about the speed of processing conscious and unconscious stimuli in
the human visual system (Thorpe et al., 1996). (B) Topographic maps of mean amplitude of ERP.
From upper left to lower right: 100 ms before the cut, and 100 ms, 300 ms, 500 ms, 700 ms, and
900 ms after the cut. All electrodes were analyzed together. With time progression after the cut, the
potential moved from the occipital to the frontal area. It was coincident with the change of visual input
that a cut provokes, and the appropriate visual work needed to start processing it.

comparison procedures (Holm—
Sidak method) with a significance
level of p = 0.05 showed that, in
general, the style of edition had
no effect in this time window.
However, a more detailed
analysis within areas revealed
that, for the frontal area, the style
of edition was relevant [t =
2.28; p = 0.025]. Interestingly, we
also found that while the
difference in brain areas does not
seem to be significant in
Hollywood style, it is very
significant in MTV style. From
descriptive results, we found that
the least square means of
potential in frontal and medial
areas are higher in Hollywood
style than in MTV style, while the
opposite occurs in the occipital
area. The more continuous and
lifelike narrative in the Hollywood
style may be responsible for this
greater activity in frontal and
medial areas.

In the third time window (600—
800 ms after the cut), the potential
of the occipital area was
decreased, while in medial and
frontal areas it was increased.
This factor continued being
statistically significant
[Fi2,700 = 7.043; p = 0.002]. As in
the first time window, we found
that the interaction between the
brain area and the style of edition
produced an almost significant
result [F270) = 2.942; p = 0.059];
pairwise  multiple = comparison
procedures (Holm—Sidak method)
again indicated that in the frontal
area the style of edition is
relevant [t,) = 2.451; p = 0.016];
and the brain area does not seem
to affect the results for the
Hollywood style of edition, while it
does for the MTV style. Again, we
found that in Hollywood style,
frontal and medial areas
presented higher potential than in
the MTV style, while in the
occipital area it was the MTV style
that produced a higher level.
These results are coherent with
the more aggressive and discon-
tinuous narrative characterizing
the MTV style.

area and the frontal area. We found an almost significant The four time window (800-1000 ms after the cut)
result from the interaction between brain area and style of showed no statistically significant differences related to
edition [F70) = 3.017; p = 0.055]. Pairwise multiple brain areas, to the style of edition, or to the interaction
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Fig. 5. Spectra decomposition for a somatomotor and an occipital electrode during the cut in the two
editing styles: Hollywood and MTV. The gray shaded area indicates the region of statistical differences
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between the styles of edition (p < 0.05, t-test). Data were obtained from 36 subjects watching a

Hollywood-edited-style movie (33 cuts) and an MTV-edited-style movie (79 cuts). Analyzed epochs

are from 500 ms before the cut to 1000 ms after the cut.
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of the two. As in the previous
windows, from a descriptive
approach we found that the
Hollywood editing style elicited a
higher potential in frontal and
medial areas and a lower one in
occipital area than the more
chaotic or narratively incoherent
MTYV editing style.

According to our results, the
occipital area showed a higher
potential after the cut in the MTV-
style edition than in the Hollywood

one. In contrast, medial and
frontal areas presented higher
potential in Hollywood movies

than in MTV movies (Fig. 8).
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Fig. 6. ERSP for frontal (F3 and F4), somatomotor (C3 and C4), and occipital (O1 and O2) electrodes. Columns in green and brown indicate the
results of a parametric statistical approach (p < 0.05, t-test) between the two previous Hollywood and MTV columns. Green indicates no statistically
significant differences, while brown indicates statistical differences at that time and frequency. Note the remarkable correspondence between O1
and F4 and between O2 and F3. The differences in O1 are maintained in F4. These results suggest that the feedforward event in the vision process
(Del Cul et al., 2007; Wyatte et al., 2014) may be crossed. (For interpretation of the references to colour in this figure legend, the reader is referred to
the web version of this article.)
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Fig. 7. Topographic maps of mean ERP amplitudes for Hollywood and MTV movies. Reaction at 200 ms, 400 ms, 600 ms, and 800 ms after the cut
in Hollywood-style (upper) and MTV-style (middle) movies. A statistical comparison (t-test) between the two movie types is illustrated below. Red
dots indicate p < 0.05. Cuts inserted in Hollywood-style edition caused higher potential in frontal and medial areas and lower in occipital areas
compared with cuts presented in MTV-style. This figure also illustrates that the progress of the potential through time, from back to front, seen in the

previous section is more evident for the MTV style of edition.

The PLV and phase synchronization index

We decided to evaluate the changes in connectivity
between the different recording sites evoked by the
cuts. For this, we determined the PLV as a phase
synchronization index in the cut, in the theta (4-8 Hz),
alpha (8-12 Hz), beta 1 (12-20 Hz), beta 2 (20-28 Hz),
and low gamma (28-40Hz) bands, before (from —
500 ms to 0 ms) and after (from 0 ms to 500 ms) the
cut. We averaged connectivity of PLV for all subjects in
those bands (Fig. 9A). Statistically significant differences
in synchronization between “before” and “after” the cut
were found. A comparison between EEG recordings
collected before (from —500 ms to 0 ms) and after (from
0ms to 500 ms) the cut showed more synchronization
following the cuts between pairs of EEG sensors in
theta, beta 1, and low gamma bands (Fig. 9B). Our
results for the theta band indicate differences in frontal,
central, and occipital electrodes. These differences were
especially significant in the left parietal area. For the
beta 1 band, we also found higher synchronization after
the cut than before it. The connectivity within the
occipital area and between occipital and frontal areas is
of interest for this investigation. Our results in the low
gamma band correspond to a stronger connectivity
between electrodes P3 and Pz. For this single
connection, we conclude that this difference may be
residual, compared with other synchronization values.

Overall, these results indicate that brain networks active
after a cut in a movie are more intense than before the
cut.

In a following step we evaluated the PLV via the style
of editing in which the cut appeared to look for phase
synchronization  differences. Our first approach
consisted of comparing PLV after the cut in Hollywood
and MTV styles. We did 100 surrogates and a Wilcoxon
test with multiple comparisons with false discovery rate
Type 1 (q = 0.1). We did not find statistical differences
between the styles in the time window (from O ms to
500 ms). In our second approach we made the same
comparison between the styles, taking the whole epoch
(from —500 ms to 1000 ms) as the time window. In this
case, we found residual statistical differences in the
theta band (synchronization between T7 and F7), but no
differences in the alpha, beta 1, beta 2, and low gamma
bands. We can therefore conclude that the style of
edition in which cuts are presented in media contents
does not affect brain synchrony.

Granger causality

We also analyzed Granger causality in the cut. For that,
we did a Wilcoxon test for 100 surrogates, with false
discovery rate correction (Type 1, ¢ = 0.1). We found
Granger causality before the cut that was statistically
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were higher in MTV than in
Hollywood (see Fig. 10B). After
the cut, both styles showed higher
residual  causalities in left
hemisphere electrodes. Finally,
we also compared differences in
Granger causality for the whole
epoch between Hollywood- and
MTV-editing styles (1500 ms), but
did not find significant differences
(Wilcoxon test, false discovery
rate Type 1, g = 0.1).

DISCUSSION
Eyeblinks after cuts

In previous investigations, we
found that the SBR is affected by
the fragmentation made by the
style of edition, and that changes
in SBR could be useful as
attentional markers in media
contexts (Nakano et al., 2009;

Andreu-Sanchez et al., 2017a). In
-500 1,000 ms this study, we planned to find out
whether there is a direct relation

-1 Vv between eyeblinks and cuts. The

A
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B
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comparison between the SBR 1s
after the cut and the SBR during
the rest of the media presentation
revealed that a cut inhibits the
SBR immediately after it. Interest-
ingly, this decrease is of statistical
significance in the life-like style of

edition, known as Hollywood style,

400 200 0 200 400 600 800
Time (ms)

Fig. 8. ERPs evoked with Hollywood and MTV editing styles. (A) Topographic display of averaged tents is

400 -200 0 200 400 600 800
Time (ms)

and not in the more chaotic and
discontinuous MTV style. But the
fact is that SBR in MTV-style con-
already  decreased

evoked potential data for all subjects. ERPs plotted for a 1500-ms period starting 500 ms before the (Andreu-Sanchez et al., 2017a).

cut. For all traces, positive is up. Data are triggered with cuts (vertical line). Gray shaded areas
indicate the region of statistical differences (t-test, p < 0.05) between the styles of edition. Blue lines

Thereby, the moment when a cut

correspond to the Hollywood-edited movie (n = 1188 trials), and green lines to the MTV-edited movie IS inserted by creators, linked to
(n = 2844 trials). (B) ERP recorded with occipital (O1) and frontal (F4) electrodes. Time 0 indicates  the style of edition, affects viewers’
the cut. According to our results, cuts elicit different responses depending on the style of edition in eyeblink rate. Cuts inhibit eyeblinks

which they are placed. While the chaotic MTV style (in green) provokes a higher activity in the occipital
area, it provokes a lower activity in the frontal area than the continuous and more organized Hollywood

during the following second. Thus,

style (in blue). Gray shaded areas on the x-axis indicate the statistical differences (t-test, p < 0.05) W€ Propose cuts as a_tter?tion
between the styles of edition. (For interpretation of the references to colour in this figure legend, the managers. Future investigations

reader is referred to the web version of this article.)

significantly higher than after the cut (Fig. 10A). This
explains that causality in brain signal activity decreases
as a consequence of the change of scene produced by
the cut. We also compared Granger causality
differences for the 500 ms before the cut and 500 ms
after the cut between the styles of edition (Fig. 10B).
We did not find higher connectivity before the cut in
Hollywood compared with MTV, while a couple of
causality connections between electrodes before the cut

should tell us whether unusual

narrative alterations, while viewing
media content in a classical style, affect eyeblink inhibition
and attention mechanisms.

Brain activity and attention after the cut

We were interested in finding out whether cuts provoke a
specific brain activity and at what moment, also
considering the existence of conscious and unconscious
perceptions. The so-called edit blindness phenomenon
is well known: the viewer of a media content often does
not consciously perceive the jumps of the cuts during
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A B

Frequency Before After
Band

perceptive reaction to the cut
seems to follow the known path

Theta
4-8 Hz

()

Alpha
8-12 Hz

for any visual stimulus change.
Thorpe’s classic studies with ERP
to measure the processing time of
natural scenes are very clear
(Thorpe et al., 1996). They pre-
sented different visual stimuli —jun-
gle images with or without
animals— for EEG analysis. Ini-
tially, participants’ responses were

Beta 1
12-20 Hz

G K

AN

Beta 1 (12-20 Hz) After>Before

similar regardless of the type of
image shown, but at 150 ms a
clear difference emerged between
the potentials in animal and non-
animal trials (Thorpe et al., 1996;
Hegdé, 2008). The fact that the
brain deduces this information
does not mean that it is done con-

VAN
Beta 2
20-28 Hz l
VA
Low Gamma
28-10 Hz I
*)

Low Gamma (28-40 Hz)

sciously (Li et al., 2002). It may
AN take longer to decide, at least a
quarter of a second, to be able to
say that we “see” a natural scene
and make a conscious decision
(Fei-Fei et al., 2007). The spatial,
temporal, and action jumps caused
by cuts should produce effects in
the sensory cortex 60-100 ms

After>Before

after the stimulus (Luck, 2006).

Fig. 9. PLV before and after the cut for the different frequency bands. (A) Average connectivity of PLY  Attention would begin to influence
for all subjects in theta (4—8 Hz), alpha (8-12 Hz), beta 1 (12-20 Hz), beta 2 (20-28 Hz), and low at 150 ms, but Thorpe and col-
gamma (28—40 Hz). The “before” period runs from 500 ms before the cut to the cut. The “after” period leagues have found that at that

runs from the cutto 500 ms after it. Green lines indicate the synchronization (PLV index) between pair
of electrodes. Indicate the presence of significant PLV differences between the two time windows. (B)

time the categorization has already

Significant differences (p < 0.05), represented by red lines indicating connections between sensors ~P€€Nn made. Such ability to catego-
(electrodes), in the corresponding band in After > Before, Wilcoxon test, false discovery rate Type 1 rize highly variable natural scenes
(g = 0.1) with 100 surrogates. (For interpretation of the references to colour in this figure legend, the  gut of the focus of attention would

reader is referred to the web version of this article.)

the viewing (Smith and Henderson, 2008), analogously to
the well-known effects of change blindness and inatten-
tional blindness in everyday events (Most et al., 1999;
Most, 2010; Rattan and Eberhardt, 2010). Here we found
that the cut provokes an increase of alpha power in
parieto-occipital electrodes. This is not consistent with
previous reports (Reeves et al., 1985) which linked edits
with the alpha band in central and occipital locations.
They talk about alpha band drops within the initial
500 ms after the edit, followed by a recovery. However,
according to our results, the increase in the alpha band
is already seen between 200 ms and 300 ms after the
cut. Interestingly, there is a general increase in the central
areas, which is appreciable in Cz, but not in the
somatosensory lateral zones. This finding indicates a
non-activation of premotor areas with cuts, possibly due
to the nonconscious or real perception of motor actions
through the known phenomenon of edit blindness. Frontal
zones do acknowledge the change made by the cut with
an increase of activity, as expected.

In the ERPs after the cut, the results obtained are
coherent with previous studies on early discrimination of
visual stimuli. From the primary visual zones, the

be an evolutionary advantage that

would give more rapid reaction to
the classification of contents. According to Luck, attention
would be directed spatially between 25 ms and 50 ms
later (Luck, 2006). In the case of the cut, if it has been per-
ceived, it is then that the stimulus passes to the attention
systems. In our study, potentials spread from the occipital
area to the frontal area at around 200 ms after the cut, as
the perception of the stimulus progressed to more-
complex areas of process and feedback (Fig. 4A). This
flow of activity would be consistent with the feedforward
event during early visual processing (Del Cul et al.
2007; Wyatte et al. 2014).

Brain activity, attention, and styles of edition

It is interesting to compare the cerebral effect of the cuts
in different editing styles. Starting from the two most
common styles of edition in media —the organized
classic Hollywood style and the one known as post-
classic style or MTV style, closer to the intensified and
disruptive narrative of video clips— we compared the
temporal windows of the cuts in the two styles of
edition. We did not find differences around the cut
between those styles in the alpha band, when we
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since the visual information would
be unexpected and unpredictable.
However, that higher visual activity
would not have a greater impact in
prefrontal zones, indicating that
this information does not reach
conscious levels (Del Cul et al.,
2009). Meanwhile, cuts in a neater
and more continuous narrative,
such as Hollywood style, would
not have such a high impact on
the visual zone, maybe because
of the inherent predictability from
the continuity of the narrative, but
AN the impact on the prefrontal and

higher processing areas would be

greater (Fig. 8). These results sup-

port the two-stage model of con-

scious access to perceptual

information (Del Cul et al., 2009)

based on a first stage of perceptual
A\ representation and a second stage
of transfer of information at
>270ms spreading from the
visual cortex into parietal and pre-
frontal cortices following a top-
down amplification of visual infor-
mation (Sergent et al., 2005; Del

Fig. 10. Granger causality in the cut. Blue lines indicate average causal connectivity found between ~ Cul et al., 2007, 2009).

pairs of electrodes, red lines indicate p < 0.05 from a Wilcoxon analysis test with false discovery rate

Type 1 (q = 0.1), including 100 surrogates. (A) Averaged Granger causality before the cut (left) and

after the cut (center). On the right, red lines indicate statistically higher causality before the cut than ~ Functional and effective
after the cut. (B) Statistical differences between the two styles of edition and the temporal windows  connectivity around the cut
before and after the cut. (For interpretation of the references to colour in this figure legend, the reader

is referred to the web version of this article.)

compared epochs of 1500 ms (from —500 to 1000 ms).
However, we did find differences in the theta (4-8 Hz)
band at around 200—400 ms after the cut. The cortical
theta band in the visual zone has been characterized by
its role in working memory —it is believed to form a
coherent representation and actively maintain the visual
representation, although it is debated whether it
corresponds to a specific mechanism, possibly related
to spatial navigation (Lee et al., 2005; Buzsaki, 2006;
Luo et al., 2014). Interestingly, the differences between
the styles of edition obtained in theta showed a crossed
pattern, specially between the left occipital area (O1)
and right frontal one (F4) (Fig. 6). Those results should
be further studied in the aforementioned context of feed-
forward events during visual processing.

From the analysis of ERPs, our results suggest the
potential in the occipital area in the discontinuous and
chaotic MTV style is higher than in the continuous and
lifelike Hollywood style, while in frontal areas it is the
contrary. These results are coincident with those of
previous studies for unrelated cuts (Francuz and
Zabielska-Mendyk, 2013). Our results suggest that the
cuts in a chaotic and fragmented narrative, such as
MTYV style, would provoke a higher activity in visual areas,

Finally, we analyzed the data to

find brain connectivity related to

the cut, and differences between

the styles of edition and their
consequences in frontal areas. There are few studies on
connectivity and causality between cortical rhythms
during audiovisual viewing. Most join emotional
processes or their effects in cortical structures through
EEG or in deep regions of the brain, such as the
amygdala, with  functional ~magnetic resonance
techniques (Cha et al., 2015; Raz et al., 2016). In neu-
rocinematics, the investigations made by Hasson and col-
leagues with functional magnetic resonance imaging did
study the inter-subject correlation in terms of perceptual
synchronization between subjects (Hasson et al., 2004).
In EEG, one of the most studied hypotheses to analyze
connectivity is phase synchronization, in particular the
PLV, also known as mean phase coherence. For exam-
ple, PLV had previously been used to determine esthetic
appreciation through the two conditions of “beautiful” and
“not beautiful” style (Cela-Conde et al., 2013). In the case
of the cut, it seemed useful to evaluate the instantaneous
phase differences of the signals generated before and
after the cut to see whether they evolve together in time,
and whether the style of edition affects them. Regarding
functional connectivity, we concluded that there is a
higher phase synchronization after the cut than before it
in the theta and beta 1 bands. Our results suggest that
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the cut causes a synchronization effect, since PLV seems
to evaluate the synchronization better over a whole band
(Bruiia et al., 2018). We did not find significant differences
of functional connectivity between the styles of editing
studied in this investigation.

Granger causality is a model frequently used to
measure dependence between points. Granger causality
is presented as a framework to quantify the asymmetric
causal interactions between regions of the cortex and
brain states (Sanchez-Campusano et al., 2011;
Courellis et al., 2017). Hence it is useful for describing
data in terms of interaction and information flows (Seth
et al. 2015). In the analysis of Granger causality before
and after the cut, greater connectivity was found before
the cut, and it did not show strong differences in effective
connectivity between the styles of edition (Fig. 10). These
results suggest that cuts interrupt connectivity in brain
activity.

Audiovisual content has become quicker, more
disrupted and plenty of cuts while media narratives have
evolved to get viewers’ attention during the past
decades. Cuts in video editing inhibit SBR reflecting the
increased attention of viewers. Cuts also provoke
differences in brain synchronization. However, cuts’
processing differs between the style of edition in which
they are used. Cuts in MTV style provoke higher
potential in visual-processing area than Hollywood style,
while the latter provokes higher potential in medial and
frontal areas. So, while the chaotic, quicker and
disrupted MTV style increases viewers’ visual attention,
it also decreases their conscious processing. Further
research should assess levels of comprehension and
understanding of the fastest and chaotic audiovisual
contents as action scenes, musical video-clips or war
video games, among others.
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Abstract: Eye blinks provoke a loss of visual information. However, we are not constantly making
conscious decisions about the appropriate moment to blink. The presence or absence of eye blinks
also denotes levels of attention. We presented three movies with the exact same narrative but
different styles of editing and recorded participants” eye blinks. We found that moments of increased
or decreased eye blinks by viewers coincided with the same content in the different movie styles. The
moments of increased eye blinks corresponded to those when the actor leaves the scene and when
the movie repeats the same action for a while. The moments of decreased eye blinks corresponded
to actions where visual information was crucial to proper understanding of the scene presented.
According to these results, viewers’ attention is more related to narrative content than to the style of
editing when watching movies.

Keywords: visual perception; attention; cognitive neuroscience; media content; neurocinematics

1. Introduction

While watching media content, there is something we do constantly that we hardly
notice but that reflects our attention: blinking. On average, humans blink between eight
and 21 times per minute while resting [1], but our eye-blink rate changes when we carry
out different activities such as talking, listening, looking around, or watching screens. Eye
blinks have the primary physiological function of wetting the cornea [2,3]. They also hide
visual flow for a short (100-400 ms) period of time [4,5]. As a result, on average, an adult
spends ~44 min/day awake but with their eyelids closed [6]. During that period, visual
information is not perceived. In accordance, we have to decide, whether consciously or not,
the best moment to blink in order to lose the least possible amount of visual information.

There remains a lot to study about the neurobiological basis of eye blinks. For example,
it has been suggested that the spinal trigeminal complex is an integral component of the
spontaneous eye-blink generator circuit [7]. It has also been suggested that the basal level of
corneal afferent input to the spinal trigeminal complex establishes the interblink interval [7].
Spontaneous eye blinks involve a dynamic alteration of brain activity, with a prominent but
momentary activation of the bilateral hippocampus and the cerebellum after the blink onset,
when subjects view videos attentively [8]. Also, it has been suggested that the eye-blink
rate can be used as a noninvasive indirect marker of central dopamine function, with a
higher eye-blink rate predicting higher dopamine function [9]. Blink rate has also been
associated with enhanced learning from negative outcomes, helping to suggest that lower
dopamine levels per se may improve learning from negative choices [10]. A recent study
suggested that blink modulation is related to the motivational and biological significance
of the stimuli, providing a solid background for the study of emotion-attention patterns
using a noninterfering psychophysiological measurement [11].

Brain Sci. 2021, 11, 422. https:/ /doi.org/10.3390 /brainscil1040422

https:/ /www.mdpi.com/journal /brainsci


https://www.mdpi.com/journal/brainsci
https://www.mdpi.com
https://orcid.org/0000-0001-7369-4195
https://doi.org/10.3390/brainsci11040422
https://doi.org/10.3390/brainsci11040422
https://doi.org/10.3390/brainsci11040422
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/brainsci11040422
https://www.mdpi.com/journal/brainsci
https://www.mdpi.com/article/10.3390/brainsci11040422?type=check_update&version=1

Brain Sci. 2021, 11, 422

20f 10

The blink rate has been linked to attention in several circumstances and varies ac-
cording to mental activities. Blinks are perceived as communicative signals in human
face-to-face interaction, directly influence speakers” communicative behavior in this con-
text [12] and can be used to distinguish liars from truth-tellers [13]. An increase of the
eye-blink rate has been correlated with a decrease of attention, and vice versa [14-16].
Compared with a control state, the blink rate is higher during face-to-face conversation but
decreases during a classroom examination [17]. Blinks also play an important role in the
perception of magic shows [18]. Stemming from these many investigations, eye blinks are
used as attentional markers. In the media context, it is known that attention is one of the
most important variables to consider when creating a movie, and there are several ways
to manage elements in designing a visual work that is attractive to viewers. Two of these
elements are content and style.

1.1. Content: Storytelling and Attention

The narrative is the content and the way it is explained to spectators. Both for watch-
ing media content and for creating the visual meaning of the world around us, one of the
most central internal functions is attention [19]. Since the dawn of media productions, com-
munication researchers have adopted various approaches to determine how to quantify
and manage attention in narratives [20-22]. Recent studies have demonstrated that one
way to determine viewers’ attention to media content is through a proper quantification
of involuntary or spontaneous eye blinks [23-26]. Eye-blink patterns are certainly linked
to communication processes. While viewers are watching and listening to a speaker, their
eye blinks are synchronized with the speaker’s blinks, with a delay of around 100 ms [27].
However, such entrainment does not occur when viewers watch speech without sound or
listen to the sound of speech without video stimulus. This indicates that blink entrainment
is not an automatic imitation of an observed behavior but rather a reflection of narrative
comprehension [27]. Blinking has also been linked to autism spectrum disorder (ASD),
and it is of interest in the context of linking attention to blinks. While adults without
ASD significantly synchronize their eye blinks to those of speakers, ASD listeners do
not [28], and non-ASD toddlers inhibit their blinking earlier than toddlers with ASD,
thus maximizing access to visual information and anticipating forthcoming events [6].
Based on these results, it has been proposed that measurements of blink inhibition can
provide an index of autonomic reactivity and differential engagement, and of the viewer’s
subjective assessment of the importance of media content. By measuring the timing of
blink inhibition relative to content, one can determine the viewer’s subjective assessment
of the importance of what he or she is watching [6] and, thus, confirm how story-telling
affects viewers’ attention.

1.2. Style: Media and Attention

Editing is part of the style and the way information is presented visually, consisting of
the fragmentation of the content within shots and camera movements. Editing has been
studied since the early work by Griffith in the 1910s [29,30] and the Soviet school of cinema.
In the latter case, editing was analyzed on the basis of different experiments and theories,
such as those of Kuleshov [31], Pudovkin [32], and Eisenstein [33]. Editing is part of the
cinematographic language, and media creators use it as a unifying mechanism of projection
and identification, and to construct realistic impressions [34]. Despite the interest in creating
realistic scenes in media works, real scenes and those in media are perceived differently by
spectators. Media content inhibits viewers’ eye-blink rate significantly compared with the
same narrative in reality [26]. In addition, recent investigations have proven that the style of
editing affects viewers’ attentional level as indicated by their eye-blink rate [24]. The more
chaotic and discontinuous the editing style, the lower the eye-blink rate of viewers and,
presumably, the greater their attention. Cuts inhibit viewers’ eye blinks, thus media creators
can use them to manage attention [25]. One reason why viewers tend, unconsciously, to
avoid blinking when cuts are inserted into media content could be that the film whose
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visual flow is interrupted by the cut “blinked” for them; another explanation is that, when
the image changes, viewers avoid losing visual information by inhibiting eye blinks. Cuts
break up familiar contexts since they present new visual information to be decoded. The
lack of familiarity becomes a lack of prediction, thus decreasing the efficiency of sensory
(visual, auditory) perception [35].

Cuts also affect viewers” attention and brain activities, and event boundaries in narra-
tive movies provoke transient brain responses [36]. Event boundaries represent different
types of changes in films. Among others, event boundaries include spatial, temporal, object,
or character changes, being associated with increased segmentation into parts by viewers
for the sake of the proper recognition of objects [37]. The perception of event boundaries
would be a side effect of prediction during ongoing perception. Interestingly, cuts are not
associated with increases in subjective perception of segmentation [38]. The predictability
of incoming information influences event perception and thereby narrative comprehension.
However, since cuts are not by themselves associated with increases in event segmentation,
it may be understood that formal categories used to classify cuts are predictive of event
segmentation [39]. Moreover, the phenomenon of edit blindness means that film viewers
are unaware of some film edits [40]. Many film editors and researchers assume that editing
in accordance with so-called continuity editing rules favors viewers’ edit blindness [40].
This idea suggests that differences could be found in the attention of viewers watching
continuous and discontinuous editing styles, and thus, that media editing is highly related
to attention.

1.3. Synchronization in Media Perception

In communication contexts, learning about patterns and synchronization is of great
interest to media creators. In the 1990s, Walter Murch, a Hollywood film editor, wondered
whether there is an optimal moment to insert a cut during the editing process to respect
eye blinks and thus avoid the loss of visual information [41]. Murch, who worked on films
such as The Godfather (1972) and Apocalypse Now (1979), suspected that eye blinks could
have a comprehension function in the proper understanding of a movie.

During the last few decades, the synchronization in viewers’ perception has been
proven through the inter-subject correlation model [42,43]. A highly significant tendency
for the brains of different individuals to act in unison during free viewing of movie
scenes has been reported [42]. Such inter-subject synchronization has been correlated with
emotionally arousing scenes [42]. Synchronization of eye blinks while viewing video stories
has also been reported [23]. In their investigation, Nakano and colleagues found that the
synchronization of eye blinks occurred during scenes in which the narrative required less
attention, such as the conclusion of an action, the absence of the main character, or during
a repetition of the same scene or the presentation of a similar one. Synchronized blinks
have also been found in the perception of magic shows, where such synchronization of
blinks between spectators occurs after a seemingly impossible feat [18]. All these results
lead us to consider that there may be patterns in media perception and that viewers may
control, consciously or not, the timing of their responses, such as blinking, to avoid the loss
of important visual information.

Since we know that perception in a media context is synchronized at some points, we
wondered what would govern such synchronization: content or style. To investigate this,
in this study we compared the eye blinks of viewers while they watched three different
movies with the same content but different styles of editing. The aim was to check whether
the content of the movie, regardless of the style, can control viewers’ eye-blink rate, or, on
the contrary, the style governs the perception, regardless of the content.

2. Materials and Methods
2.1. Participants

Forty human subjects (age 43.97 & 8.07 years) with normal or corrected-to-normal
vision participated in the experiment. Participants gave prior written informed consent to
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participate in the study. The experiment was carried out in accordance with relevant guide-
lines and regulations for human research and was approved by the Ethics Commission for
Research with Animals and Humans (CEEAH) of the Universitat Autonoma de Barcelona
(Barcelona, Spain).

2.2. Stimuli

We created three video stimuli, each of 198 s duration, with the same narrative and
content, but different editing styles. One stimulus was a one-shot movie consisting of a
single open shot with no cuts. The second video stimulus was a movie with 33 shots and
a continuous, classic style of editing, with an average shot length of 5.9 s. This stimulus
presented classic shots with smooth transitions in accordance with the 180° rule, by which
the same action is filmed following that angle to avoid spatial discontinuity. The third
video stimulus was a movie with 79 shots and a discontinuous, chaotic style of editing,
with an average shot length of 2.4 s. This third stimulus broke the classic 180° rule, and
presented sudden movements in the frame, discontinuities in time and space between
shots, constant camera movements, and a large number of different kinds of shots.

The narrative consisted of a man who enters a room containing a desk, goes out, enters
again, and sits at the desk. On the desk there are three colored balls, three books, and an
apple. He juggles with the colored balls, puts them back on the desk, and goes out again.
The man enters once more with a laptop in a case, sits, opens the case, and takes out the
device. He opens it up and works on it, then picks up, one by one, each of the three books
on a desk situated on the right side of the screen, reads something in it, then puts it down
on the left side of the screen. He works for a while with the laptop, then closes it and moves
it to the left. Then, the man puts his hand into his pocket and takes out a small torch, which
he points towards the viewer. He turns it on for a few seconds, turns it off, then puts it
back into his pocket. He takes the apple from the desk, rubs it on his shoulder, and bites it.
He chews and bites the apple repeatedly for a while. He leaves the apple core behind the
laptop, to the left of the screen. The man swallows the rest of the apple and wipes his mouth
with his hand. Then he makes a happy face, a sad face, and a disgusted face, runs his hand
over his face, and makes a happy face again. The man stands up and leaves the room.

Stimuli were presented on a high-definition (HD) 42-inch light-emitting diode (LED)
display (TH42PZ70EA, Panasonic Corporation, Osaka, Japan) using Paradigm Stimulus
Presentation software (Perception Research System Incorporated, Laurence, KS, USA).

2.3. Data Acquisition

Subjects participated in sessions (~15 min) of active viewing. All participants watched all
the stimuli. The presentation of the stimuli was randomized over all possible combinations.
The stimuli were presented on a stage that we designed to make participants feel comfortable
while watching the media content. We asked participants to watch the stimuli without
further requirements, having told them that they would be asked some questions after the
visualization. At the end of the session, participants filled out a distracting questionnaire.

Observers’ eye blinks were detected following a dual protocol: using electroencephalo-
graphic/electromyographic (EEG/EMG) recordings and a HD video recording system.
Participants” EEG/EMG was recorded using a wireless device (Enobio®, Neuroelectrics,
Barcelona, Spain) with 20 electrodes placed according to the 10-20 International System.
Eye blinks were detected by the prefrontal Fp1 and Fp2 electrodes and electrooculographic
electrodes. For comparison, participants’ faces were also recorded in a close-up shot with
an HD camera (HDR-GWS55VE, Sony Corporation, Tokyo, Japan) at 25 frames/s.

2.4. Data Analysis

We analyzed eye blinks following two procedures. Firstly, we filtered EEG/EMG
data to 0.5-3 Hz and applied Brainstorm’s eye-blink detectors (Brainstorm, University of
Southern California, Los Angeles, CA, USA) in electrooculographic (EOG), Fp1 and Fp2
channels, running on MATLAB R2013a (The Mathworks Inc., Natick, MA,). In a second
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step, we manually checked eye blinks in the videos of participants’ faces recorded with
the HD camera. Using those two methods, we obtained a matrix with a final list of each
participant’s eye blinks. To assess changes in blink rate with time, each video was divided
into 40 blocks of 4.95 s, and the blink number was converted into blinks/min for each block.
The blink rate analysis was performed by repeated-measures analysis of variance (ANOVA)
designed with two factors: time and style of editing. The time factor corresponds with
each of the blocks. Using the blinks within each block, we computed a two-way ANOVA
with blocks that showed increases or decreases, and the rest of them, with type of block
and style of editing as factors. We used SigmaPlot 11.0 (Systat Software Inc., San Jose, CA,
USA) for the statistical analysis.

3. Results

We detected a total of 1721 blinks in the one-shot movie, 1688 blinks in the classical-
style movie, and 1560 blinks in the chaotic-style movie. We distributed all the eye blinks
into 40 bins of 4.95 s each for presentation as a histogram for further comparisons and
analyses (Figure 1). We observed that the evolution of the eye blinks through those bins
was very similar, regardless of the style of editing presented to participants. This result
made us suspect that movie content would be more relevant than style in the distribution
of eye blinks across time. The blink rate analysis revealed a significant main effect of Time
(F9,3041) = 5.199, p < 0.001) and a significant Time x Style interaction (F(7g 3041) = 2.004,
p < 0.001). No significant main effect of Style was found (F (3 3041) = 2.982, p = 0.057).

—e— One-shot movie
-a—Classic style

—o— Chaotic style
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Figure 1. Timeline of the video, showing histograms of eye blinks from all participants (N = 40) while watching the movie

with each style. Red circles indicate blinks during the one-shot movie; green triangles those during the continuous movie,

edited with a classical style; and blue squares those during the movie with discontinuous and chaotic style. The distribution

is into 40 bins of 4.95 s each. The boxes indicate the moments and actions when viewers’ eye blinks coincide among the

different styles of editing.

According to these results, there were six actions in the narrative content when special
coincidence between the participants” eye blinks was observed for all three stimuli pre-
sented: three corresponding to increased and the others to decreased eye blinks (Figure 1).
Since these coincidences were found even when the style of the video was different, we
looked at the narrative occurring at these precise moments. The actions with increased
eye blinks were the following (Figure 2A): when the actor disappeared from the scene
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(at around second 20), when the actor finished eating the apple (at around second 150),
and at the end of the video, when the actor left the scene again (at around second 192).
At the moments where the viewers’ eye blinks decreased, we found the following actions
(Figure 2B): the actor is juggling (at seconds 20-30), the actor puts his hand into his pocket
(at around second 120), and the actor is making happy, sad, and disgusted faces (at seconds
180-190).

A One-shot movie Classic style Chaotic style

-

from scene

cating an apple

Actions with increased eye blinks
Actor ends

from scene

B One-shot movie Classic style Chaotic style

Figure 2. Moments with increased and decreased eye blinks while watching the same narrative with
three different styles of editing. (A) The three moments when increased eye blinks were observed
regardless of the style of editing (from top to bottom): when the actor disappears from the scene
near the beginning of the movie, when the actor finishes eating the apple, and when the actor
disappears from the scene at the end of the movie. (B) The three moments when decreased eye
blinks were observed regardless of the style of editing (from top to bottom): when the actor juggles
three balls, when the actor puts his hand in his pocket, and when the actor makes faces (sad, happy,
and disgusted). The person appearing in Figure 2 is co-author Miguel Angel Martin-Pascual. Dr.
Martin-Pascual consents to the appearance of his image in this publication.

Actor juggles
three balls

Actions with decreased eye blinks
Actor puts his

Actor makes faces

The mean (=SEM) number of eye blinks in the blocks with an increase corresponding
to the mentioned actions was 55.89 (£+2.18), compared with 29.14 (£1.72) for the bins
with a decrease, while for the rest of the bins without an increase or decrease it was 42.03
(£0.67). We compared the mean number of eye blinks during the moments (or blocks)
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where there was a coincident increase, a coincident decrease, and the rest, also considering
the style of editing. A descriptive analysis based on the style of editing showed that the
mean (£SEM) number of blinks in the blocks with an increase was 54.67 (£3.78) for the
one-shot movie, 58 (£3.78) for the movie with the classical, continuous style of editing,
and 55 (£3.78) for the movie with a chaotic style of editing. For the bins with decreased
eye blinks, the mean was 28.75 (£3.28) for the one-shot movie, 29.66 (£2.67) for the movie
with the continuous style of editing, and 29 (£2.93) for that with a chaotic style of editing.
For the rest of the bins, the mean was 43.76 (+1.14) for the one-shot movie, 43.16 (+1.18)
for the movie with a continuous style of editing, and 39.16 (+1.16) for that with a chaotic
style of editing. A two-way ANOVA showed that the moments (Time) affected viewers’
eye blinks significantly (F(119) = 47.963, p < 0.001). There was not a statistically significant
interaction between Style and Time (F(4,119) = 0.472, p = 0.76). We then carried out post
hoc multiple-comparison procedures (Holm-Siddk method), with an overall significance
level of p < 0.05. We found that, while the style of editing was significant within blocks
showing no increase or decrease (p < 0.05), it was not significant within the blocks showing
an increase (p > 0.05) or decrease (p > 0.05) of viewers’ eye blinks. These results confirm
that the style of editing [17] is not the only thing that governs the increase or decrease of
participants’ eye blinks while watching media content.

4. Discussion

We had previously found that the style of editing affects viewers’ eye-blink rate,
especially the chaotic style [24]. Here, we found that synchronization between increased
and decreased viewers’ eye blinks occurred at some specific moments of the timeline
while they watched a movie, regardless of the style of editing of the movie but linked
to its content. This agrees with the idea that, when watching media content, blinks are
generated, in part, because of cognitive processing related to the narrative [23]. This study
suggests that content can be used as a specific procedure to manage viewers’ attention
independently of the style of editing. Previous studies had already proven that different
techniques can relax the audience’s attention depending on the content, such as those used
by magicians to perform their tricks [18]. However, no study had compared how different
styles of editing would affect viewers” attention to the same content. According to our
results, the coincidence of viewers’ attention is more related to the content and narrative
than to the style.

Two of the three moments when participants increased their eye blinks occurred in the
absence of the actor. This is coincident with the findings of a previous study [23]. There was
a third moment when increased eye blinks occurred with the actor still in the scene. At this
third moment, the actor had been performing the same action (eating an apple) for 20-30 s.
These results are in accordance with a previous investigation that found synchronization
in viewers’ eye blinks during repetition of the same scene [23]. In accordance with those
findings, we propose that such increases of eye blinks may be related to the prediction
ability of viewers. They have been seeing the same action for a long while and can easily
predict what is going to happen since the action has not changed much. If something is
predictable, it needs less attention. This would relate to Hawkins’ theory of the memory-
prediction framework. According to Hawkins, prediction is a tool that is commonly used
when knowledge of past events can be applied to new situations that are similar to the
past [44]. Our results suggest that this may be the reason why viewers increased their eye
blinks: to take advantage of the opportunity to blink when they already know what is
happening in the scene.

It is of interest to point out that, although repetition of an action or substantial knowl-
edge of what is going to happen during media content has been linked to increased eye
blinks and thus a probable decrease of attention, musical videoclips that are continually
replayed on video-sharing platforms become phenomena that capture audiences’ attention.
On the other hand, we have previously found that media professionals (who are used to
constantly watching audiovisuals and thus expected to have greater expertise and ability to
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References

predict audiovisual content) exhibit significantly decreased eye-blink rates compared with
people who are not media professionals while watching audiovisual content [45]. Further
investigations should explain these apparent contradictions.

The three moments with decreased eye blinks have in common the need for alertness
to what might happen next. First, in the juggling part, it is understood that viewers do not
want to miss information of where the balls are at each moment. That action entails the
risk that the balls will fall at any time. Second, in the pocket part, the viewers seem to need
to pay attention to what the actor might take out. Again, there is a risk of the unknown:
“what could be revealed?” Third, in the faces part, viewers might decrease their eye-blink
rate to avoid loss of information and to identify the actor’s emotions [46]. Such decreases of
eye blinks at moments when the action seems to be unpredictable may be an unconscious
strategy to avoid loss of important visual information.

5. Conclusions

A previous study reported that cuts significantly inhibit viewers” eye blinks [36].
However, according to the present results, viewer’s eye blinks are more related to content
than to style when watching movies. Spontaneous nonconscious eye blinks have been
linked to the default mode network [47], which is known to counteract the dorsal attention
network and which is involved in introspection [48,49]. Our results suggest that content
can be used to increase or decrease spontaneous eye blinks. Thus, we suggest that, in the
context of managing viewers’ attention, content overrules style. Media creators can use
this finding to enhance viewers’ attentiveness. The interesting output of this investigation
is that it seems possible to create patterns (such as the increase of viewers’ eye-blink rate
during the disappearance of the main actor from the scene) that would be useful for
script writers and media producers. Further research should assess common actions and
situations in audiovisual content to identify more patterns in viewers’ attention.
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Experts apply their experience to the proper development of their routine activities.
Their acquired expertise or professionalization is expected to help in the development
of those recurring tasks. Media professionals spend their daily work watching narrative
contents on screens, so learning how they manage visual perception of those contents
could be of interest in an increasingly audiovisual society. Media works require not only
the understanding of the storytelling, but also the decoding of the formal rules and
presentations. We recorded electroencephalographic (EEG) signals from 36 participants
(18 media professionals and 18 non-media professionals) while they were watching
audiovisual contents, and compared their eyeblink rate and their brain activity and
connectivity. We found that media professionals decreased their blink rate after the cuts,
suggesting that they can better manage the loss of visual information that blinks entail
by sparing them when new visual information is being presented. Cuts triggered similar
activation of basic brain processing in the visual cortex of the two groups, but different
processing in medial and frontal cortical areas, where media professionals showed a
lower activity. Effective brain connectivity occurred in a more organized way in media
professionals—possibly due to a better communication between cortical areas that are
coordinated for decoding new visual content after cuts.

Keywords: neurocinematics, professionalization, expertise, connectivity, visual perception, film cuts

INTRODUCTION

Professionalization in anything requires expertise along with a long-time training. As a result,
experts have acquired, through experience, the perceptual skills to make fine discriminations (Klein
and Hoffman, 1993). Professional athletes have extraordinary skills for learning complex visual
scenes (Faubert, 2013). It has been previously proven that professionalization has an impact on
cognitive neurodynamics in many brain areas. Event-related desynchronization (ERD) in alpha
and beta frequency bands during action observation is sensitive to expertise in contemporary
dance. In addition, looking at dance movements evokes desynchronization effects in professional
dancers, but not in non-dancers (Orgs et al., 2008). The influence of motor expertise on action
observation has also been proven with expert dancers (Calvo-Merino et al., 2005). Expert baseball
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players show differential activity in their post-task resting
state consistent with motor learning, and functional differences
found between expert and non-expert baseball players suggest
variability in subcortical white-matter pathways (Muraskin et al.,
2016). Taxi drivers show navigation-related structural changes
in their hippocampi (Maguire et al, 2000, 2006). Expertise
in aesthetics modulates cognitive processing and the response
in reward-related brain areas (Kirk et al., 2008). The case of
musicians may be one of the most studied. For example, it
has been found that brain structures, including primary motor
and somatosensory areas, differ between musicians and non-
musicians (Gaser and Schlaug, 2003). Professional violinists
exhibit higher activity in the primary auditory cortex during the
execution of a musical piece compared with amateurs, suggesting
an increased functional strength in the audio-motor associative
connectivity (Lotze et al, 2003). Finally, musical expertise is
related to altered functional connectivity during audiovisual
integration (Paraskevopoulos et al., 2015).

Regarding audiovisual expertise, we have previously found
that media professionalization has an impact in visual perception
(Andreu-Sanchez etal., 2017b). Media professionals are watching
screens steadily over time (taking concomitant decisions with
a high level of attention), and decrease their eyeblink rate not
only when watching media works, but also when looking at live
events (Andreu-Sanchez et al., 2017a). Media professionals are
constantly paying attention to cuts since those are one of the most
common tools for audio-visual editors. Cuts segment narrative
content, playing a critical role in the proper understanding of
observed visual material (Zacks et al., 2010). Their use has been
increasing in cinema in the last few decades, reducing the average
length of shots (Cutting et al., 2011). Cuts interrupt the visual
information that a movie is presenting to viewers, who are
nevertheless not conscious of them, provoking a phenomenon
called edit blindness (Smith and Henderson, 2008). Both the
attentional level and the awareness of cuts depend on the edit
construction. A chaotic and non-organized style of edition,
plenty of cuts, decreases viewers eyeblinks compared with a
classical edition having fewer and more-organized cuts, and even
more compared with a one-shot style without cuts (Andreu-
Sanchez et al., 2017b). Since eyeblinks can be understood as
attentional markers when watching movies (Nakano et al., 2009),
it is important to note that cuts can have a big impact on the
management of viewers attention. Also, memory is better for
information presented after related cuts compared with unrelated
cuts between two unrelated scenes (Lang et al., 1993). But this
event segmentation is linked not only to the style, but also to
the meaningful changes in narrative situations (Zacks et al.,
2010). In fact, movie viewers move their eyes based on the
presented content (for example, to the current speaker in a
depicted conversation), suggesting that despite the changes that
cuts make in a visual scene, viewers tend to adapt their visual
behavior to the content (Germeys and D’Ydewalle, 2007).

Event-related potentials (ERPs) after the cut are coherent
with studies on early discrimination of visual stimuli (Thorpe
et al., 1996). Activity flows from the primary visual zones to
somatosensory and prefrontal areas (Andreu-Sanchez et al,
2018). Besides, the style of edition in which cuts are inserted

affects viewers' perception. While cuts in chaotic and fast
audiovisuals increase brain activity in the visual cortex,
suggesting an increase of attentional scope, cuts in organized and
continuous movies increase brain activity in the prefrontal cortex
(Andreu-Sanchez et al., 2018), where higher processing areas are
located. Interestingly, a study on a very concrete editing rule-
the 180° rule, which says that two edited shots of the same event
or action should not be filmed from different angles that violate
spatial continuity-showed that differences in perception were not
linked to visual attention but to sensorimotor activity (Heimann
etal., 2016).

To detect the effect of media professionalization on the
viewing of audiovisual cuts, here we have investigated differences
in brain activity after the cut between media and non-
media professionals. We addressed this goal by analyzing and
comparing in the two groups the spontaneous eyeblink rate
(SBR), the EEG brain activity, and brain connectivity.

MATERIALS AND METHODS
Subjects

Thirty-six participants (30 males and 6 females) took part in
this experiment. Eighteen were media professionals (mean
age: 43.89 + 8.79; 15 males and 3 females), and the rest
were non-media professionals (mean age: 44.06 + 7.53; 15
males and 3 females). All had normal or corrected-to-normal
vision. For being part of the media professional group,
subjects had to have a job related to video edition, including
taking decisions related to media editing. Media professional
participants were producers, assistant producers, cameramen,
image controllers, documentalists, graphic designers, post-
production editors, sports commentators, and video editors.
Media professionals were mostly recruited from the Spanish
Public Television (RTVE) installations in Barcelona. Non-media
professionals were carefully chosen outside this criterion.
They were individuals who did not make decisions related
to media editing and audio-visual cuts in their work. Non-
media professional participants were journalists with no media
editing responsibilities, computer specialists, administrative
and management assistants, telecommunication engineers,
electronics technicians, stylists, specialists in prevention of
occupational risks, and executive producers with no artistic
profile. Subjects did not receive any economic compensation for
participating in this investigation.

Ethics Statement

After a detailed explanation of the study, written informed
consent was signed by all participants. Experiments were carried
out following guidelines, procedures, and regulations for human
research of the University Autonoma de Barcelona and approved
by its Ethics Commission for Research with Animals and
Humans (CEEAH; file number 2003). All experimental sessions
were performed at the Neuro-Com Laboratory located at the
Spanish Public Television Institute (IRTVE) in Sant Cugat del
Valles, Barcelona, Spain.
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Stimuli and Experimental Design
For the experimental sessions, we created four visual stimuli
with the same duration (198 s) and narrative content, but with
different formats. All stimuli had the same visual content with
different style of edition. The action consisted of a man who
entered a room with a black background, sat at a desk, juggled
with three balls, opened a laptop, looked up some information
in books, wrote something in the laptop, closed it, ate an apple,
looked directly into camera, and left the room. Stimulus 1 was
a one-shot movie; stimulus 2 was a movie edited according to
classical Hollywood rules (Bordwell et al., 1985); stimulus 3 was
a movie edited according to MTV style (Bordwell, 2002); and
stimulus 4 was a live performance. All stimuli were randomly
presented to all participants [see Andreu-Sanchez et al. (2017b)
for details]. The order of presentation of the four stimuli was
randomized with the 24 possible combinations to avoid the
impact of sensory adaption and effect of fatigue. The presentation
of each stimulus was preceded of 30 s of a black screen. Stimulus
2 presented 33 cuts and stimulus 3 presented 79 cuts. Since
the interest of this study was to analyze differences in media
professionals compared with non-media professionals while
viewing audiovisual cuts, for the present paper we just analyzed
data collected during the presentation of stimuli 2 and 3. A total
of 4,032 potential cuts (112 cuts per participant) form the sample
used in this investigation, before discarding bad data. The task
for participants consisted in just watching the visual stimuli.
Video stimuli were presented on a 42-inch HD LED display
(Panasonic TH-42PZ70EA, Panasonic Industry Iberia, Madrid,
Spain), and participants were placed 150cm in front of the
screen. Stimuli were presented and synchronized with the
Paradigm Stimulus Presentation (Perception Research System
Incorporated) and the NIC Offline software (Neuroelectrics,
Barcelona, Spain).

Data Acquisition

Continuous EEGs were recorded using a wireless system
(Enobio®, Neuroelectrics), with 20 electrodes placed according
to the International 10-20 system [O1, O2, P7, P3, Pz, P4,
P8, T7, C3, Cz, C4, T8, F7, F3, Fz, F4, F8, Fpl, Fp2, and an
external electrode used for electrooculogram (EOG) recording]
referenced to electronically linked mastoid electrodes [see
Martin-Pascual et al. (2018) for details]. The EOG electrode was
positioned vertically at the infraorbital ridge and the lower outer
canthus of the left eye and was used to monitor eyeblinks. Data
were sampled at 500 Hz. In order to have a good quality of
EEG signal, participants were asked to wash their hair before
attending the session and to avoid any chemical product (such as
a hair spray or similar) on it. An HD-video camera (Sony HDR-
GW55VE, Sony Corporation Esparia, Barcelona, Spain) recorded
at 25 frames/s participants’ faces with a close-up for contrasting
their eye movements and eyeblinks during the analysis of the
eyeblink rate.

Data Analysis

Spontaneous Eyeblink Rate

For analyzing the SBR of each participant, we processed
original data with Brainstorm open-source version 3 running

on MATLAB R2013a (The Mathworks Inc., Natick, MA, USA)
under a MacOS version 10.9.5 (Apple Inc., Cupertino, CA, USA).
We filtered the signal from 0.5 to 3 Hz, applied Brainstorm’s
eyeblink detector, and manually checked the collected results
(Tadel et al., 2015). We analyzed original data from Fp1, Fp2, and
EOG electrodes. Following Nakano and Kitazawa (Nakano and
Kitazawa, 2010), we also checked the results collected with the
HD-video camera of participants’ faces. To do so and using UNIX
Time for synchronization purposes, we manually played the HD-
video frame by frame while looking at the time of each eyeblink
detected by the Brainstorm’s detector and checking that it was
in fact an eyeblink. We did not find differences with the other
recording procedures. We quantified the rate of SBR/min. We
compared two different variables: group (SBR of media vs. non-
media professionals) and cut (SBR 1 s after the cut vs. SBR within
the rest of the stimuli) through Whitney Rank Sum Tests and
t-tests. To determine normality of data we carried out a Shapiro-
Will test. The statistical analysis was carried out with Sigmaplot
11.0 (Systat Software Inc., San Jose, CA, USA).

Event-Related Potentials, Event-Related Spectrum
Perturbances, and Power Spectrum

We first analyzed EEG data to obtain ERPs, event-related
spectrum perturbances (ERSPs), and power spectrum. We
created a study in EEGLAB (Delorme and Makeig, 2004)
open-source version 2019_1, running on MATLAB_R2020a
(The Mathworks Inc.) under a MacOS High Sierra version
10.13.6 for comparisons and statistical analysis. Previously,
for pre-processing the data, we had used EEGLAB 15.3 on
MATLAB R2013a under a MacOS version 10.9.5. We used a
spherical BESA® template for channel location. We band-passed
data with 0.5 and 40 Hz. We processed the data in 1,500 ms
windows (from 500 ms before each cut to 1,000 ms after it). For
rejecting artifacts, bad channels, and wrong data, we used visual
inspection and the ADJUST plug-in (Mognon et al.,, 2010) for
EEGLAB, after applying independent component analysis. To
locate dipoles, we used the DIPFIT plug-in (Oostenveld and
Oostendorp, 2002). We analyzed ERP signatures for different
periods of the 1,500-ms epochs (—500 to 1,000ms) through
a three-way analysis of variance (ANOVA) taking as factors
the following: (1) professionalization (media professionals, non-
media professionals); (2) scalp area, with three scalp areas
(frontal area with F7, F3, Fz, F4, and F8 electrodes; central area
with C3, Cz, and C4 electrodes; and parieto-occipital area with
P7, P3, Pz, P4, P8, O1, and O2 electrodes); and (3) latency, with
three time windows (400-600 ms after the cut, 600-800 ms after
the cut, and 800-1,000 ms after the cut). We approached ERSPs
in somatosensory area through an unpaired #-test between the
electrodes of this specific scalp area. For power spectra analysis,
we analyzed the alpha band (8-12 Hz) for the same three scalp
areas through Mann-Whitney Rank Sum tests. Analyses were
done to contrast differences between media professionals and
non-media professionals. Before approaching tests, we checked
normality of data with Shapiro-Will normality test. Statistical
analysis was carried out with EEGLAB Statistics Toolbox and
Sigmaplot 11.0 (Systat Software Inc.).
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Brain Connectivity

We approached brain connectivity from functional and effective
connectivity analysis. We used clean datasets resulting from the
described filtering and used the MATLAB toolbox HERMES
(Niso et al., 2013) for brain connectivity analysis.

Functional connectivity can be defined as the temporal
correlation of a neurophysiological index measured in different
brain areas (Friston et al, 1993). It implies a temporal
dependency of neuronal activation patterns of anatomically
separated brain regions (van den Heuvel and Hulshoff Pol,
2010). For analyzing functional connectivity, we used the method
of phase-locking value (PLV), which detects synchrony in a
precise frequency range between two recording sites (Lachaux
et al., 1999). PLV uses responses to a repeated stimulus (in this
case, cuts) and looks for latencies at which the phase difference
between the signals varies little across trials (phase-locking).
Given two series of signals (x and y), and a frequency of interest
(f), the PLV method computes a measure of phase-locking
between the components of x and y at frequency f, for each
latency (Lachaux et al., 1999). So, PLV makes use only of the
relative phase difference and is defined (Niso et al., 2013) as:

N
PLV = '< eiA¢rel(t)> ‘ = ‘;] EeiM’rel(t")
= VlcosAdaf + (sinAdye(®)) M

where <.> indicates time average. Ad.e] = dx — hy, where ¢ is the
phase calculated from the Hilbert transform of x and y signals.
We computed the averaged connectivity of PLV in the
18 non-media professional participants and in the 18 media
professional participants, with 100 surrogates of the original data,
and compared functional connectivity between the two groups
in theta (4-8 Hz), alpha (8-12Hz), low beta (12-20 Hz), high
beta (20-28 Hz), and low gamma (28-40 Hz). For the statistical
analysis, we applied a ¢-test with multiple comparisons with false
discovery rate Type 1 (q = 0.1) to the data with 100 surrogates.
We looked for significant differences (p < 0.05) between groups.
Effective connectivity can be understood as the simplest
experimental time-dependent circuit that replicates the timing
relationships between the recorded sources (Aertsen and Preifl,
1991). It studies the influence that one neural system exerts over
another (Friston, 1994). For analyzing effective connectivity here,
we used classical linear Granger Causality (GC) (Granger, 1969).
The concept behind GC is that for two simultaneously measured
signals x(t) and y(t), if one can predict the first signal better by
incorporating the past information from the second signal than
by using only information from the first one, then the second
signal can be called causal to the first (Wiener, 1956; Granger,
1969; Niso et al., 2013). The argument is that when x influences
y, then if you add past values of x(t) to the regression of y(t), an
improvement on the prediction will be obtained. GC from y to x
(predicting x from y) can be defined (Niso et al., 2013) as:

Gcmzzn< V ) 2)

x|x, y

We computed the average connectivity of GC in the 18 non-
media professional participants and in the 18 media professional
participants after the cut (0-1,000 ms), with a baseline (—500 to 0
ms). We did 100 surrogates, with a false discovery rate correction
(FDR) of Type 1 (q = 0.1), MaxDistance 1.5. We did a t-test
to reveal significant differences (p < 0.05) between groups and
plotted them.

For both types of connectivity analysis, we obtained
binary outcomes for connectivity relations. Non-significant and
significant relations (p < 0.05) were obtained based on this binary
approximation among all pairs of electrodes.

More information about the implementation of these indices
in HERMES is available elsewhere (Niso et al., 2013).

RESULTS

Spontaneous Eyeblink Rate

We identified substantial differences in the SBR related to media
professionalization. Firstly, we obtained the mean SBR in the
first second following the cut. While, among all participants,
the mean SBR after the cut was 11.07 £ 7.66 min~!, in non-
media professionals the mean SBR after the cut was 14.94 + 8.43
min~!, and in media professionals it was 7.21 & 4.25 min~!. The
statistical comparison showed significant differences between the
two groups after the cut (Mann-Whitney U Statistic = 60.5, T
= 434.5, n = 18, p = 0.001, Mann-Whitney Rank Sum Test).
Then, we obtained the mean SBR for the rest of the stimuli. For
all participants, the mean SBR was 12.33 4 7.61 min~!. In non-
media professionals, the mean SBR was 15.79 & 8.72 min~!, and
in media professionals 8.87 4 4.23 min~!. We also found, as
expected, statistically significant differences between groups for
the rest of the stimuli (Mann-Whitney U Statistic = 79.5, T =
415.5, n = 18, p = 0.009, Mann-Whitney Rank Sum Test). In a
previous study (Andreu-Sanchez et al., 2018), we found that a cut
decreases eyeblink rate in viewers during the second following
it. Here, we wondered if those differences would be different
depending on media professionalization. We found that they are.
In media professionals, cuts have a greater impact with a decrease
of SBR [t(17y = —2.99, p = 0.008, paired t-test], while cuts seem
not to have such an impact in non-media professionals [t(;7) =
—1.14, p = 0.269, paired t-test]. These results suggest that, in
line with previous studies (Andreu-Sdnchez et al., 2017a), there
is a media professionalization effect in visual perception of media
contents (Figure 1).

Event-Related Potentials and

Event-Related Spectrum Perturbances

We found an effect of media professionalization in ERPs during
the viewing of audiovisual cuts. As previously reported (Andreu-
Sénchez et al., 2018), we found significant effects related to scalp
area [F(z 306) = 32.367; p < 0.001] and scalp area x latency
[F(4, 306) = 3.647; p = 0.006]. Interestingly, here we also found an
effect of professionalization and scalp area [F(, 306) = 4.822; p =
0.009]. With a Holm-Sidak method for post-hoc pairwise multiple
comparisons, we found significant differences between groups in
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FIGURE 1 | SBRs in non-media (red) and media (turquoise) professionals, during the first second after a cut and during the rest of video stimuli without cuts.

frontal [t 264) = 2.034, p = 0.043] and central [t 724y = 5.587, p
< 0.001], but not occipital areas (Figure 2).

Based on previous studies linked to somatosensory area
differences related to expertise (Gaser and Schlaug, 2003;
Orgs et al, 2008), we looked at ERSPs in that specific
area, and found that there were differences in C3 (Figure 3).
Media professionals showed greater activity between 7 and
11Hz just after the cut, and a lower activity at those
frequencies between 200 and 300 ms after the cut. This may
be linked to a mu rhythm desynchronization, understood as
the attenuation of power in the alpha band recorded over
central scalp locations as a reflection of a motor cortex activity
(Pfurtscheller, 1977; Pfurtscheller and Lopes da Silva, 1999;
Debnath et al., 2019). Differences found here could depend
on the media professionalization expertise. No such differences
were found in Cz or C4, but this would be coincident
with non-symmetric and contralateral sensorimotor activity
(McFarland et al., 2000).

Alpha Band

It has been reported that cuts provoke an increase of alpha power
in parieto-occipital electrodes (Andreu-Sanchez et al., 2018).
However, here we did not find statistically significant differences
in the alpha band (8-12Hz) between media and non-media
professionals in any of the studied areas either before or after the
cut: frontal area, before the cut (Mann-Whitney U = 131, T =
364, n = 18, p = 0.335, Mann-Whitney Rank Sum Test); frontal
area, after the cut (Mann-Whitney U = 156, T = 339, n = 18,
p = 0.862, Mann-Whitney Rank Sum Test); somatomotor area,
before the cut (Mann-Whitney U = 158, T =329, n =18, p =
0.912, Mann-Whitney Rank Sum Test); somatomotor area, after
the cut (Mann-Whitney U = 145, T = 316, n = 18, p = 0.602,
Mann-Whitney Rank Sum Test); parieto-occipital area, before
the cut (Mann-Whitney U = 132, T = 363, n = 18, p = 0.351,
Mann-Whitney Rank Sum Test); and parieto-occipital area, after
the cut (Mann-Whitney U = 126, T = 369, n = 18, p = 0.261,
Mann-Whitney Rank Sum Test).

Frontiers in Systems Neuroscience | www.frontiersin.org

January 2021 | Volume 15 | Article 598383


https://www.frontiersin.org/journals/systems-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/systems-neuroscience#articles

Andreu-Sanchez et al. Media Professionalization Effects

Non-media professionals

Media professionals

400-600 ms after the cut 400-600 ms after the cut 800-1000 ms after the cut

FIGURE 2 | Scalp map after the cuts of the three analyzed time windows (400-600, 600-800, and 800-100 ms) of media and non-media professionals.

C3 C3 Statistical differences
Non-media professionals Media professionals p <0.05

Frequency (Hz)

3
100 150 200 250 300 350 400 100 150 200 250 300 350 400 100 150 200 250 300 350 400
Time (ms)

FIGURE 3 | ERSPs in non-media (left) and media (middle) professionals, in electrode C3. The right image shows in pink the statistically significant differences between
the two groups (unpaired t-test with no correction method for multiple comparison, p < 0.05).

Brain Connectivity cut (Figure4). In the theta band (4-8 Hz), we found some
Phase-Locking Value minor greater connectivity in non-media professionals in P7-
We found some significant differences between the two groups ~ P3 and Pz-O2, and in media professionals between Cz and
in functional connectivity in all the studied bands after the  F7. This suggests a higher functional connectivity in the theta
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band in parieto-occipital areas for non-media professionals
and in prefrontal area for media professionals. In the alpha
band (8-12 Hz), we also found a higher functional connectivity
in occipital area in non-media professionals, while media
professionals showed greater connectivity in central-frontal areas
connection (Cz-Fz) and left parietal-frontal connection (P7-F7).
We analyzed the beta band for low-beta (12-20 Hz) and high-
beta (20-28 Hz) components. We found that in both cases, media
professionals presented a higher functional connectivity between
crossed sources (P3-F8), while non-media professionals did not
show a higher PLV index at any point. In low gamma (28-
40 Hz), we found that media professionals had a higher functional
connectivity, mostly in frontal areas (F3, Fz, Cz-Fp2, F4-Fpl,
F4-Fp2, F8-Fp2), and, again, a crossed flow (P3-F8). Non-media
professionals did not show a higher PLV index at any source in
low gamma.

Granger Causality

With the aim of comparing effective connectivity between
media and non-media professionals after the cut, we analyzed
Granger causality. We obtained some significant differences
in connectivity between groups (Figure5). According to our
results, non-media professionals show a more dispersed GC
index in their brain activity, while media professionals’ GC
connectivity is much more concise since it is mostly concentrated
in visual cortex, somatomotor, and frontal areas. And there is
statistically significant higher activity in media professionals than
in non-professionals in all three of those areas: occipital, medial
and frontal.

DISCUSSION

In videos and movies, cuts provoke an artificial interruption
of the narrative content. They are constantly used to present
different visual information through different shots and visual
compositions. A film is a stream of edited moving images
consisting of hundreds or thousands of individual camera shots
patched together (Heimann et al., 2016). But regardless of the
several times per minute that cuts are present in a film, viewers
are rarely aware of them, due to the so-called edit blindness
(Smith and Henderson, 2008). Previous studies showed that
cuts inhibit viewers’ eyeblink rate (Andreu-Sanchez et al., 2017b,
2018). However, here we found that this happens with a clearer
impact on media professionals, suggesting that this group is more
sensitive to cuts. The rate of blinking has been proven to decrease
when a cognitive operation is performed (Holland and Tarlow,
1975; Wong et al., 2002). Some studies have shown that watching
a film reduces viewers eyeblink rate (Patel et al., 1991; Andreu-
Sénchez et al., 2017a), and it has been proposed that this decrease
may be a strategy to minimize the loss of visual information
(Nakano et al., 2009). The constant presentation of new visual
information by cuts may be related to the decreased blink rate
in viewers. And the fact that media professionals decrease their
eyeblink rate after cuts significantly more than do non-media
professionals may be related to the idea that experts can see what
is not there and gain the ability to visualize how a situation has
developed and to imagine how it is going to turn out (Klein

and Hoffman, 1993). Maybe media professionals can better
manage the fact that cuts are going to be followed by new visual
information that needs to be decoded, and thereby avoid the loss
of information that blinks entail, while non-media professionals
are not so aware of cuts, showing a greater edit-blindness.

The context in which a cut is inserted and the situation to
which a viewer pays attention affect visual perception (Zacks
et al,, 2010; Heimann et al, 2016). It is logical to think that
cuts trigger an increase of activity in visual cortex that flows
toward medial and frontal areas (Andreu-Sanchez et al., 2018)
as other visual stimuli do (Thorpe et al., 1996). But since top-
down directionality has been recently reinforced (Cheron et al.,
2014; Halgren et al., 2019) it is important to keep researching
about neuronal flows when watching audiovisual works. To
date, using EEG signals for estimating the directionality of the
neuronal flows is debated (Nolte et al., 2008) so further research
should be done to complete this work. Here, we found that there
are differences between media and non-media professionals in
frontal and medial areas, while not in the visual cortex. In those
frontal and medial zones non-experts presented a higher activity
consistent with previous studies (Hill and Schneider, 2006).
Apparently, cuts start the same (or a very similar) activation of
basic brain processing of the new visual information presented,
but how that visual content is managed by the two groups differs
afterwards. In most cases, non-media professionals require a
higher level of activity to process the visual information. One of
the most interesting differences was found in the somatosensory
area in C3. Media professionals showed a greater decrease of
electrical activity at around 200-300ms after the cut in C3,
and this may be related to mu rhythm suppression during the
observation of actions performed by other persons (Gastaut
and Bert, 1954; Muthukumaraswamy et al., 2004); but in this
case mu rhythm would also be affected by the expertise of the
observer. Since previous studies revealed that mu suppression
is sensitive to degree of familiarity (Oberman et al., 2008), it
could be thought that media professionalization would bring a
greater familiarity with media editing. Moreover, it is interesting
to note that according to our results, the cut-and maybe other
formal characteristics of the stimuli-could also affect mu rhythm
suppression during the watching of videos. Our results invite us
to keep researching on event-related synchronization (ERS) and
desynchronization (ERD) in mu rhythm not only when watching
motor activities in videos (Rayson et al., 2016) but also when
approaching the language of film (Heimann et al., 2014). This is
something that should be further investigated with aimed works
for better understanding.

The alpha band has been linked with changes in attention
(Reeves et al., 1985; Klimesch et al, 1998; Aftanas and
Golocheikine, 2001; Sauseng et al., 2005). Following on from
the difference of eyeblink rate found here between groups, and
since eyeblinks are understood as markers of the attentional state
of subjects (Ponder and Kennedy, 1927; York et al., 1971), we
were interested in looking for differences in alpha frequencies.
However, we did not observe significant differences in alpha
band in any of the studied areas. It has been found that
alpha frequencies influence whether a visual stimulus reaches
awareness (Mathewson et al., 2009). Since we did not ask
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Theta (4-8 Hz)

Non-media professionals Media professionals

> Media professionals > Non-media professionals
p < 0.05 p <0.05

Alpha (8-12 Hz)

Non-media professionals Media professionals
> Media professionals > Non-media professionals
p<0.05 p <0.05

Low Beta (12-20 Hz)

i Non-media professionals Media professionals
Non-media professionals
PR > Media professionals > Non-media professionals
No significant differences were found p<0.05

High Beta (20-28 Hz)

Non-media professionals Media professionals
> Media professionals > Non-media professionals
No significant differences were found p <0.05

Low Gamma (28-40 Hz)

" . . . Non-media professionals Media professionals
Non-media professionals Media professionals > Media professionals > Non-media professionals
No significant differences were found p <0.05

FIGURE 4 | PLVs in non-media (turquoise) and media (red) professionals in different spectral bands: theta (4-8 Hz), alpha (8—12 Hz), low beta (12—20 Hz), high beta
(20-28 Hz), and low gamma (28-40 Hz).
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Non-media professionals

Media professionals

FIGURE 5 | Granger causality in non-media (left) and media (middle) professionals, after the cut (01,000 ms, with a baseline of —500 ms before the cut), with
significance level based on 100 surrogates. On the right, in pink, the statistically significant differences between the two groups (t-test, p < 0.05). Those results
correspond to the higher GC indices in media professionals compared with the non-media group. No higher GC indices in non-media professionals were found.

Media professionals > Non-
media professionals
t-test p < 0.05

participants if they were aware or not of cuts, this connection
should be further studied. While the role of beta oscillations in
visual processing and attention is less clear (McCusker et al.,
2020) further studies could approach if beta band in media
professionals could be linked with the attention to visual stimuli
(Michalareas et al., 2016). Since it has been hypothesized that beta
oscillations may be stronger if the maintenance of the status quo
is predicted than if a change is expected (Engel and Fries, 2010),
it would be interesting learning about expectance to change while
watching audiovisual works by the group of media professionals.

Despite the problem of the volume conduction for stablishing
true synchrony (Lachaux et al., 1999) or coherency (Nolte et al.,
2004) through biological tissue toward measurement sensors
(scalp electrodes in this study), here dynamic measurements of
functional and effective connectivity were approached through
the PLV and the GC index, respectively. PLV is, of the many
phase synchronization measurements available in the literature,
one of the most used (Lachaux et al., 1999). It evaluates functional
connectivity through the instantaneous phase difference of the
signals under the hypothesis that connected areas generate
signals whose instantaneous phases evolve together (Brufia et al.,
2018). Cuts cause a synchronization effect (Andreu-Sédnchez
et al., 2018), but results reported here suggest that media and
non-media professionals show different functional connectivity
when watching cuts. Although those differences are discrete
in most of the analyzed frequency bands (theta, alpha, and
low and high beta), the general trend found here is a higher
synchronization flow between posterior and frontal areas in
media professionals. This suggests differences in functional
connectivity related to the expertise in media. Apparently,
media professionals would increase this kind of connectivity
after viewing cuts, compared with non-professionals. This could
be related to higher or faster conscious processing of the
visual information after the cuts, or to a possibly lower edit
blindness (Smith and Henderson, 2008) in this group. Our results

suggest that media professionals would increase the connectivity
between primary perceptive areas (such as the visual cortex)
and more-cognitive processing areas (such as the prefrontal
area). But the most-significant differences found between the
two groups were in the low gamma band (28-40 Hz). According
to our results, media professionals showed greater functional
connectivity related to the frontal area in this frequency band.
This may reflect differences in a participant’s current state of
attention or expectation (Hanslmayr et al., 2007) and could be
related to the tendency of gamma to increase during novel stimuli
(von Stein et al., 2000).

As already explained, we approached differences in effective
connectivity between groups through GC. It is presented as
a framework to quantify the asymmetric causal interactions
between regions of the cortex and brain states (Sdnchez-
Campusano etal., 2011; Courellis et al., 2017). This measurement
is fundamental for describing observed data in terms of directed
functional interactions (Seth et al, 2015). Here, we found
differences in effective connectivity between the two groups
in occipital, parietal, medial, and frontal areas. Overall, media
professionals showed high GC indices in three independent
areas: occipital, medial, and frontal. It has been possible to
distinguish GC in the activity within those areas. However, in
non-media professionals, the GC found was much less organized
and the connectivity was mostly within all different scalp areas
(see Figure5). This suggests that effective connectivity may
occur in a more organized way in media professionals due
to a better connectivity within areas that are coordinated for
decoding new visual information after cuts. We found that the
connectivity originating in those three areas (corresponding with
visual cortex, somatomotor area, and frontal area) was stronger
in media professionals. This is coincident with previous studies
that attributed stronger connectivity in professionals compared
with control groups to the learning undertaken because of
their expertise (Sreenivasan et al, 2017), and that suggested
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an increased neural efficiency in the brain of highly skilled
individuals (Bernardi et al,, 2013). The fact that that higher
connectivity in media professionals occurs in visual cortex could
be related to the importance of that area for visual processing in
their daily work. Something similar would occur in the frontal
area, where higher cognitive processing of the visual information
may be happening. Nevertheless, further studies would be needed
to determine whether relevant differences between the two
groups in somatosensory cortex could shed more light on this
specific brain area, so many times connected to mu rhythm
desynchronization and its possible relation to the mirror neuron
system (Muthukumaraswamy et al.,, 2004; Pfurtscheller et al.,
2006).

There are dozens of experiments tracking learning or expert
performance. Patterns are beginning to emerge showing that
learning and skilled performance produce changes in brain
activation depending on the brain structure and the nature of
the skill being learned (Hill and Schneider, 2006). The present
study extends other studies of expertise showing that expertise
and professionalization impact on cognitive neurodynamics
(Bilali¢, 2017). Learning how media professionals approach the
perception of audiovisual works may be useful in those areas
that use screened content for training specific capabilities, such
as aeronautics, some professional sports, or even basic education,
among others.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

REFERENCES

Aertsen, A., and Preifll, H. (1991). “Dynamics of activity and connectivity
in physiological neuronal networks,” in Nonlinear Dynamics and Neuronal
Networks, ed H. G. Schuster (New York, NY: VCH Publishers), 281-302.

Aftanas, L. 1, and Golocheikine, S. A. (2001). Human anterior and frontal
midline theta and lower alpha reflect emotionally positive state and internalized
attention: high-resolution EEG investigation of meditation. Neurosci. Lett. 310,
57-60. doi: 10.1016/S0304-3940(01)02094-8

Andreu-Sanchez, C., Martin-Pascual, M. A., Gruart, A, and Delgado-
Garcia, J. M. (2017a). Looking at reality versus watching screens: media
professionalization effects on the spontaneous eyeblink rate. PLoS ONE
12:¢0176030. doi: 10.1371/journal.pone.0176030

Andreu-Sanchez, C., Martin-Pascual, M. A., Gruart, A., and Delgado-Garcia,
J. M. (2017b). Eyeblink rate watching classical hollywood and post-classical
MTYV editing styles, in media and non-media professionals. Sci. Rep. 7:43267.
doi: 10.1038/srep43267

Andreu-Sanchez, C., Martin-Pascual, M. A., Gruart, A, and Delgado-
Garcia, J. M. (2018). Chaotic and fast audiovisuals increase attentional
scope but decrease conscious processing. Neuroscience 394, 83-97.
doi: 10.1016/j.neuroscience.2018.10.025

Bernardi, G., Ricciardi, E., Sani, L., Gaglianese, A., Papasogli, A., Ceccarelli, R.,
et al. (2013). How skill expertise shapes the brain functional architecture: an
FMRI study of visuo-spatial and motor processing in professional racing-car
and naive drivers. PLoS ONE 8:1-11. doi: 10.1371/journal.pone.0077764

Bilali¢, M. (2017). The Neuroscience of Expertise. Padstow Cornwall: Cambridge
University Press. doi: 10.1017/9781316026847

Bordwell, D. (2002). Intensified continuity: visual style in contemporary American
film. Film Q. 55, 16-28. doi: 10.1525/fq.2002.55.3.16

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethics Commission for Research with Animals and
Humans (CEEAH). Universitat Autdbnoma de Barcelona. The
patients/participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

CA-S, MAM-P, AG, and JMD-G experimental design and wrote
the article. CA-S and MAM-P carried out experiments and data
analysis. All authors contributed to the article and approved the
submitted version.

FUNDING

This study was supported by grants from the Spanish Ministry
of Economy and Competitiveness (BFU2017-82375-R) and the
Spanish Junta de Andalucia (BIO-122 and PY18FR_823).

ACKNOWLEDGMENTS

We thank participants in this study. We also acknowledge: the
Institute of Spanish Public Television (IRTVE) for support and
facilities, Bruno Tagliaferri for technical help during the design of
stimulus presentation, Juan Antonio Gamero for support in the
edition of movie stimuli, and Santiago Gémez for constructing
the experimental set-up. We also thank Mr. Roger Churchill for
correcting the English of the manuscript.

Bordwell, D., Staiger, J., and Thompson, K. (1985). Classical Hollywood Cinema:
Film Style and Mode of Production to 1960. 1st Edn. London: Routledge.
doi: 10.2307/1772109

Bruiia, R., Maestt, F., and Pereda, E. (2018). Phase locking value revisited: teaching
new tricks to an old dog. J. Neural Eng. 15, 1-11. doi: 10.1088/1741-2552/aacfe4

Calvo-Merino, B., Glaser, D. E., Grézes, J., Passingham, R. E., and Haggard, P.
(2005). Action observation and acquired motor skills: an FMRI study with
expert dancers. Cereb. Cortex 15, 1243-1249. doi: 10.1093/cercor/bhi007

Cheron, G., Leroy, A., Palmero-Soler, E., De Saedeleer, C., Bengoetxea, A., Cebolla,
A. M, et al. (2014). Gravity influences top-down signals in visual processing.
PLoS ONE 9:¢82371. doi: 10.1371/journal.pone.0082371

Courellis, H., Mullen, T., Poizner, H., Cauwenberghs, G., and Iversen, J. R. (2017).
EEG-based quantification of cortical current density and dynamic causal
connectivity generalized across subjects performing BCI-monitored cognitive
tasks. Front. Neurosci. 11:1-17. doi: 10.3389/fnins.2017.00180

Cutting, J. E., Brunick, K. L., Delong, J. E., Iricinschi, C., and Candan, A. (2011).
Quicker, faster, darker: changes in hollywood film over 75 years. IPerception 2,
569-576. doi: 10.1068/i0441aap

Debnath, R., Salo, V. C., Buzzell, G. A., Yoo, K. H., and Fox, N. A. (2019).
Mu rhythm desynchronization is specific to action execution and observation:
evidence from time-frequency and connectivity analysis. Neurolmage 184,
496-507. doi: 10.1016/j.neuroimage.2018.09.053

Delorme, A., and Makeig, S. (2004). EEGLAB: an open source toolbox for
analysis of single-trial EEG dynamics including independent component
analysis. J. Neurosci. Methods 134, 9-21. doi: 10.1016/j.jneumeth.2003.
10.009

Engel, A. K, and Fries, P. (2010). Beta-band oscillations-signalling the
status quo? Curr. Opin. Neurobiol. 20, 156-165. doi: 10.1016/j.conb.2010.
02.015

Frontiers in Systems Neuroscience | www.frontiersin.org

10

January 2021 | Volume 15 | Article 598383


https://doi.org/10.1016/S0304-3940(01)02094-8
https://doi.org/10.1371/journal.pone.0176030
https://doi.org/10.1038/srep43267
https://doi.org/10.1016/j.neuroscience.2018.10.025
https://doi.org/10.1371/journal.pone.0077764
https://doi.org/10.1017/9781316026847
https://doi.org/10.1525/fq.2002.55.3.16
https://doi.org/10.2307/1772109
https://doi.org/10.1088/1741-2552/aacfe4
https://doi.org/10.1093/cercor/bhi007
https://doi.org/10.1371/journal.pone.0082371
https://doi.org/10.3389/fnins.2017.00180
https://doi.org/10.1068/i0441aap
https://doi.org/10.1016/j.neuroimage.2018.09.053
https://doi.org/10.1016/j.jneumeth.2003.10.009
https://doi.org/10.1016/j.conb.2010.02.015
https://www.frontiersin.org/journals/systems-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/systems-neuroscience#articles

Andreu-Sanchez et al.

Media Professionalization Effects

Faubert, J. (2013). Professional athletes have extraordinary skills for rapidly
learning complex and neutral dynamic visual scenes. Sci. Rep. 3: 1154.
doi: 10.1038/srep01154

Friston, K. J. (1994). Functional and effective connectivity in neuroimaging: a
synthesis. Hum. Brain Mapp. 2, 56-78. doi: 10.1002/hbm.460020107

Friston, K. J., Frith, C. D., Liddle, P. F., and Frackowiak, R. S. J. (1993). Functional
connectivity: the principal-component analysis of large (PET) data sets. J.
Cereb. Blood Flow Metab. 13, 5-14. doi: 10.1038/jcbfm.1993.4

Gaser, C., and Schlaug, G. (2003). Brain structures
musicians and non-musicians. J. Neurosci.
doi: 10.1523/JNEUROSCI.23-27-09240.2003

Gastaut, H. J., and Bert, J. (1954). EEG changes during cinematographic
presentation (moving picture activation of the EEG). Electroencephalogr. Clin.
Neurophysiol. 6, 433-444. doi: 10.1016/0013-4694(54)90058-9

Germeys, F., and D’Ydewalle, G. (2007). The psychology of film: perceiving beyond
the cut. Psychol. Res. 71, 458-466. doi: 10.1007/s00426-005-0025-3

Granger, C. W. J. (1969). Investigating causal relations by econometric models and
cross-spectral methods. Econometrica 37, 424-438. doi: 10.2307/1912791

Halgren, M., Ulbert, I., Bastuji, H., Fabo, D., Eross, L., Rey, M., et al. (2019).
The generation and propagation of the human alpha rhythm. PNAS 116,
23772-23782. doi: 10.1073/pnas.1913092116

Hanslmayr, S., Aslan, A., Staudigl, T., Klimesch, W., Herrmann, C. S., and
Bauml, K. H. (2007). Prestimulus oscillations predict visual perception
performance between and within subjects. Neurolmage 37, 1465-1473.
doi: 10.1016/j.neuroimage.2007.07.011

Heimann, K., Umilta, M. A., Guerra, M., and Gallesse, V. (2014). Moving mirrors: a
high-density EEG study investigating the effect of camera movements on motor
cortex activation during action observation. J. Cogn. Neurosci. 26, 2087-2101.
doi: 10.1162/jocn_a_00602

Heimann, K. S., Uithol, S., Calbi, M., Umilta, M. A., Guerra, M., and Gallese,
V. (2016). ‘Cuts in Action™: a high-density EEG study investigating the
neural correlates of different editing techniques in film. Cogn. Sci. 41, 1-34.
doi: 10.1111/cogs.12439

Hill, N. M., and Schneider, W. (2006). “Brain changes in the development
of expertise: neuroanatomical and neurophysiological evidence about
skill-based adaptations,” in The Cambridge Handbook of Expertise and
Expert Performance, eds K. A. Ericksson, N. Charness, P. J. Feltovich,
and R. R. Hoffman (Cambridge: Cambridge University Press), 653-682.
doi: 10.1017/CB0O9780511816796.037

Holland, M. K., and Tarlow, G. (1975). Blinking and thinking. Percept. Mot. Ski.
41, 403-406. doi: 10.2466/pms.1975.41.2.403

Kirk, U., Skov, M., Christensen, M. S., and Nygaard, N. (2008). Brain correlates
of aesthetic expertise: a parametric FMRI study. Brain Cogn. 69, 306-315.
doi: 10.1016/j.bandc.2008.08.004

Klein, G. A., and Hoffman, R. R. (1993). “Seeing the invisible: perceptual-
cognitive aspects of expertise,” in Cognitive Science Foundations, ed
M. Rabinowitz (Mahwah, NJ: Routledge, Taylor & Francis), 203-226.
doi: 10.4324/9781315044712-9

Klimesch, W., Doppelmayr, M., Russegger, H., Pachinger, T., and Schwaiger, J.
(1998). Induced alpha band power changes in the human EEG and attention.
Neurosci. Lett. 244, 73-76. doi: 10.1016/S0304-3940(98)00122-0

Lachaux, J. P., Rodriguez, E., Martinerie, J., and Varela, F. J. (1999).
Measuring phase synchrony in brain signals. Hum. Brain Mapp. 8, 194-208.
doi: 10.1002/(SICI)1097-0193(1999)8:4 <194::AID-HBM4>3.0.CO;2-C

Lang, A., Geiger, S., Strickwerda, M., and Sumner, J. (1993). The effects of related
and unrelated cuts on television viewers’ attention, processing capacity, and
memory. Commun. Res. 20, 4-29. doi: 10.1177/009365093020001001

Lotze, M., Scheler, G., Tan, H. R. M., Braun, C, and Birbaumer, N.
(2003). The musician’s brain: functional imaging of amateurs and
professionals during performance and imagery. Neurolmage 20, 1817-1829.
doi: 10.1016/j.neuroimage.2003.07.018

Maguire, E. A., Gadian, D. G., Johnsrude, I. S., Good, C. D., Ashburner, J.,
Frackowiak, R. S., et al. (2000). Navigation-related structural change in the
hippocampi of taxi drivers. Proc. Natl. Acad. Sci. U.S.A. 97, 4398-4403.
doi: 10.1073/pnas.070039597

Maguire, E. A., Woollett, K., and Spiers, H. J. (2006). London taxi drivers and

differ between
23, 9240-9245.

Martin-Pascual, M. A., Andreu-Sanchez, C., Delgado-Garcia, J. M., and Gruart,
A. (2018). Using electroencephalography measurements and high-quality video
recording for analyzing visual perception of media content. J. Vis. Exp. 135:
e57321. doi: 10.3791/57321

Mathewson, K. E., Gratton, G., Fabiani, M., Beck, D. M., and Ro, T. (2009). To
see or not to see: prestimulus o phase predicts visual awareness. J. Neurosci. 29,
2725-2732. doi: 10.1523/J]NEUROSCI.3963-08.2009

McCusker, M. C., Wiesman, A. I, Schantell, M. D., Eastman, J. A., and Wilson,
T. W. (2020). Multi-spectral oscillatory dynamics serving directed and divided
attention. Neuroimage 217:226927. doi: 10.1016/j.neuroimage.2020.116927

McFarland, D. J., Miner, L. A., Vaughan, T. M., and Wolpaw, J. R. (2000). Mu and
beta rhythm topographies during motor imagery and actual movements. Brain
Topogr. 12, 177-186. doi: 10.1023/A:1023437823106

Michalareas, G., Vezoli, J., van Pelt, S., Schoffelen, J. M., Kennedy, H., and
Fries, P. (2016). Alpha-beta and gamma rhythms subserve feedback and
feedforward influences among human visual cortical areas. Neuron 89,
384-397. doi: 10.1016/j.neuron.2015.12.018

Mognon, A., Jovicich, J., Bruzzone, L., and Buiatti, M. (2010). ADJUST: an
automatic EEG artifact detector based on the joint use of spatial and temporal
features. Psychophysiology 48, 229-240. doi: 10.1111/j.1469-8986.2010.
01061.x

Muraskin, J., Dodhia, S., Lieberman, G., Garcia, J. O., Verstynen, T., Vettel, J.
M., et al. (2016). Brain dynamics of post-task resting state are influenced by
expertise: insights from baseball players. Human Brain Mapp. 37, 4454-4471.
doi: 10.1002/hbm.23321

Muthukumaraswamy, S. D., Johnson, B. W., and McNair, N. A. (2004). Mu rhythm
modulation during observation of an object-directed grasp. Cogn. Brain Res. 19,
195-201. doi: 10.1016/j.cogbrainres.2003.12.001

Nakano, T., and Kitazawa, S. (2010). Eyeblink entrainment at breakpoints of
speech. Exp. Brain Res. 205, 577-581. doi: 10.1007/s00221-010-2387-z

Nakano, T., Yamamoto, Y., Kitajo, K., Takahashi, T., and Kitazawa, S. (2009).
Synchronization of spontaneous eyeblinks while viewing video stories. Proc.
Biol. Sci. R. Soc. 276, 3635-3644. doi: 10.1098/rspb.2009.0828

Niso, G., Bruia, R, Pereda, E. Gutiérrez, R., Bajo, R, Maestd, F,
et al. (2013). HERMES: towards an integrated toolbox to characterize
functional and effective brain connectivity. Neuroinformatics 11, 405-434.
doi: 10.1007/s12021-013-9186-1

Nolte, G., Bai, O., Wheaton, L., Mari, Z, Vorbach, S., and Hallett, M.
(2004). Identifying true brain interaction from EEG data using the
imaginary part of coherency. Clin. Neurophysiol. 115, 2292-2307.
doi: 10.1016/j.clinph.2004.04.029

Nolte, G., Ziehe, A. Nikulin, V. V. Schlégl, A., Krimer, N., Brismar,
T, (2008). Robustly estimating the of
information in complex physical systems. Phys. Rev. Lett. 100:234101.
doi: 10.1103/PhysRevLett.100.234101

Oberman, L. M., Ramachandran, V. S., and Pineda, J. A. (2008). Modulation of
Mu suppression in children with autism spectrum disorders in response to
familiar or unfamiliar stimuli: the mirror neuron hypothesis. Neuropsychologia
46, 1558-1565. doi: 10.1016/j.neuropsychologia.2008.01.010

Oostenveld, R., and Oostendorp, T. F. (2002). Validating the boundary element
method for forward and inverse EEG computations in the presence of a hole in
the skull. Hum. Brain Mapp. 17, 179-192. doi: 10.1002/hbm.10061

Orgs, G., Dombrowski, J. H., Heil, M., and Jansen-Osmann, P. (2008).
Expertise in dance modulates alpha/beta event-related desynchronization
during action  observation. Eur. J. 27, 3380-3384.
doi: 10.1111/j.1460-9568.2008.06271.x

Paraskevopoulos, E., Kraneburg, A., Herholz, S. C., Bamidis, P. D., and Pantev,
C. (2015). Musical expertise is related to altered functional connectivity
during audiovisual integration. Proc. Natl. Acad. Sci. U.S.A. 112, 12522-12527.
doi: 10.1073/pnas.1510662112

Patel, P., Henderson, R., Bradley, L., Galloway, B., and Hunter, L. (1991). Effect
of visual display unit use on blink rate and tear stability. Optom. Vis. Sci. 68,
888-892. doi: 10.1097/00006324-199111000-00010

Pfurtscheller, G. (1977). Graphical display and statistical evaluation of event-
related desynchronization (ERD). Electroencephalogr. Clin. Neurophysiol. 43,
757-760. doi: 10.1016/0013-4694(77)90092-X

et al flow direction

Neurosci.

bus drivers: a structural MRI and neuropsychological analysis. Hippocampus Pfurtscheller, G., Brunner, C., Schlogl, A., and Lopes da Silva, F.
16, 1091-1101. doi: 10.1002/hipo.20233 H. (2006). Mu rhythm (de)synchronization and EEG single-trial
Frontiers in Systems Neuroscience | www.frontiersin.org 11 January 2021 | Volume 15 | Article 598383


https://doi.org/10.1038/srep01154
https://doi.org/10.1002/hbm.460020107
https://doi.org/10.1038/jcbfm.1993.4
https://doi.org/10.1523/JNEUROSCI.23-27-09240.2003
https://doi.org/10.1016/0013-4694(54)90058-9
https://doi.org/10.1007/s00426-005-0025-3
https://doi.org/10.2307/1912791
https://doi.org/10.1073/pnas.1913092116
https://doi.org/10.1016/j.neuroimage.2007.07.011
https://doi.org/10.1162/jocn_a_00602
https://doi.org/10.1111/cogs.12439
https://doi.org/10.1017/CBO9780511816796.037
https://doi.org/10.2466/pms.1975.41.2.403
https://doi.org/10.1016/j.bandc.2008.08.004
https://doi.org/10.4324/9781315044712-9
https://doi.org/10.1016/S0304-3940(98)00122-0
https://doi.org/10.1177/009365093020001001
https://doi.org/10.1016/j.neuroimage.2003.07.018
https://doi.org/10.1073/pnas.070039597
https://doi.org/10.1002/hipo.20233
https://doi.org/10.3791/57321
https://doi.org/10.1523/JNEUROSCI.3963-08.2009
https://doi.org/10.1016/j.neuroimage.2020.116927
https://doi.org/10.1023/A:1023437823106
https://doi.org/10.1016/j.neuron.2015.12.018
https://doi.org/10.1111/j.1469-8986.2010.01061.x
https://doi.org/10.1002/hbm.23321
https://doi.org/10.1016/j.cogbrainres.2003.12.001
https://doi.org/10.1007/s00221-010-2387-z
https://doi.org/10.1098/rspb.2009.0828
https://doi.org/10.1007/s12021-013-9186-1
https://doi.org/10.1016/j.clinph.2004.04.029
https://doi.org/10.1103/PhysRevLett.100.234101
https://doi.org/10.1016/j.neuropsychologia.2008.01.010
https://doi.org/10.1002/hbm.10061
https://doi.org/10.1111/j.1460-9568.2008.06271.x
https://doi.org/10.1073/pnas.1510662112
https://doi.org/10.1097/00006324-199111000-00010
https://doi.org/10.1016/0013-4694(77)90092-X
https://www.frontiersin.org/journals/systems-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/systems-neuroscience#articles

Andreu-Sanchez et al.

Media Professionalization Effects

classification of different motor imagery tasks. Neurolmage 31, 153-159.
doi: 10.1016/j.neuroimage.2005.12.003

Pfurtscheller, G., and Lopes da Silva, F. H. (1999). Event-related EEG/MEG
synchronization and desynchronization: basic principles. Clin. Neurophysiol.
110, 1842-1857. doi: 10.1016/S1388-2457(99)00141-8

Ponder, E., and Kennedy, W. P. (1927). On the act of blinking. Q. J. Exp. Physiol.
18, 89-110. doi: 10.1113/expphysiol.1927.sp000433

Rayson, H., Bonaiuto, J. J., Ferrari, P. F, and Murray, L. (2016).
Mu desynchronization during observation and execution of facial
expressions in 30-month-old children. Dev. Cogn. Neurosci. 19, 279-287.
doi: 10.1016/j.dcn.2016.05.003

Reeves, B., Thorson, E., Rothschild, M. L., Mcdonald, D., Hirsch, J., and Goldstein,
R. (1985). Attention to television: intrastimulus effects of movement and
scene changes on alpha variation over time. Int. J. Neurosci. 27, 241-255.
doi: 10.3109/00207458509149770

Sanchez-Campusano, R, Gruart, A., and Delgado-Garcfa, J. M. (2011). Timing and
causality in the generation of learned eyelid responses. Front. Integr. Neurosci.
5, 1-28. doi: 10.3389/fnint.2011.00039

Sauseng, P., Klimesch, W., Stadler, W., Schabus, M., Doppelmayr, M.,
Hanslmayr, S., et al. (2005). A shift of visual spatial attention is selectively
associated with human EEG alpha activity. Eur. J. Neurosci. 22, 2917-2926.
doi: 10.1111/j.1460-9568.2005.04482.x

Seth, A. K, Barrett, A. B., and Barnett, L. (2015). Granger causality
analysis in neuroscience and neuroimaging. J. Neurosci. 35, 3293-3297.
doi: 10.1523/]NEUROSCI.4399-14.2015

Smith, T. J., and Henderson, J. M. (2008). Edit blindness: the relationship between
attention and global change blindness in dynamic scenes. J. Eye Mov. Res.
2,1-17. doi: 10.16910/jemr.2.2.6

Sreenivasan, K., Zhuang, X., Banks, S. J., Mishra, V., Yang, Z., Deshpande, G.,
et al. (2017). Olfactory network differences in master sommeliers: connectivity
analysis using granger causality and graph theoretical approach. Brain Connect.
7, 123-136. doi: 10.1089/brain.2016.0458

Tadel, F., Bock, E., Mosher, J. C., and Baillet, S. (2015). Detect and remove
artifacts. Brainstorm Tutorials. Available online at: http://neuroimage.usc.edu/
brainstorm/Tutorials/TutRawSsp (accessed August 2, 2020)

Thorpe, S., Fize, D., and Marlot, C. (1996). Speed of processing in the human visual
system. Nature 381, 520-522. doi: 10.1038/381520a0

van den Heuvel, M. P., and Hulshoff Pol, H. E. (2010). Exploring the
brain network: a review on resting-state FMRI functional connectivity.
Eur. Neuropsychopharmacol. 20, 519-534. doi: 10.1016/j.euroneuro.2010.
03.008

von Stein, A., Chiang, C., and Kénig, P. (2000). Top-down processing mediated
by interareal synchronization. Proc. Natl. Acad. Sci. U.S.A. 97, 14748-14753.
doi: 10.1073/pnas.97.26.14748

Wiener, N. (1956). “The theory of prediction,” in Modern Mathematics for the
Engineers, ed E. F. Beckenbach (New York, NY: McGraw-Hill), 165-90.

Wong, K. K. W., Wan, W. Y., and Kaye, S. B. (2002). Blinking and operating:
cognition versus vision. Br. J. Ophthalmol. 86:476. doi: 10.1136/bjo.86.4.479
York, M., Ong, J., and Robbins, J. C. (1971). Variation in blink rate associated
with contact lens wear and task difficulty. Optom. Vis. Sci. 48, 461-467.

doi: 10.1097/00006324-197106000-00001

Zacks, J. M. Speer, N. K, Swallow, K. M. and Maley, C. J.
(2010). The brain’s cutting-room floor: segmentation of narrative
cinema. Front. Hum. Neurosci. 4:168. doi: 10.3389/fnhum.2010.
00168

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

The reviewer GC declared a past co-authorship with two of the authors AG
and JMD-G to the handling editor.

Copyright © 2021 Andreu-Sinchez, Martin-Pascual, Gruart and Delgado-Garcia.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Systems Neuroscience | www.frontiersin.org

12

January 2021 | Volume 15 | Article 598383


https://doi.org/10.1016/j.neuroimage.2005.12.003
https://doi.org/10.1016/S1388-2457(99)00141-8
https://doi.org/10.1113/expphysiol.1927.sp000433
https://doi.org/10.1016/j.dcn.2016.05.003
https://doi.org/10.3109/00207458509149770
https://doi.org/10.3389/fnint.2011.00039
https://doi.org/10.1111/j.1460-9568.2005.04482.x
https://doi.org/10.1523/JNEUROSCI.4399-14.2015
https://doi.org/10.16910/jemr.2.2.6
https://doi.org/10.1089/brain.2016.0458
http://neuroimage.usc.edu/brainstorm/Tutorials/TutRawSsp
http://neuroimage.usc.edu/brainstorm/Tutorials/TutRawSsp
https://doi.org/10.1038/381520a0
https://doi.org/10.1016/j.euroneuro.2010.03.008
https://doi.org/10.1073/pnas.97.26.14748
https://doi.org/10.1136/bjo.86.4.479
https://doi.org/10.1097/00006324-197106000-00001
https://doi.org/10.3389/fnhum.2010.00168
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/systems-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/systems-neuroscience#articles

symmetry

Article

Brain Symmetry in Alpha Band When Watching Cuts in Movies

Celia Andreu-Sanchez 1'*, Miguel Angel Martin-Pascual 2, Agnés Gruart 3 and José Maria Delgado-Garcia

check for
updates

Citation: Andreu-Sanchez, C.;
Martin-Pascual, M.A.; Gruart, A.;
Delgado-Garcia, J.M. Brain Symmetry
in Alpha Band When Watching Cuts
in Movies. Symmetry 2022, 14, 1980.
https://doi.org/10.3390/
sym14101980

Academic Editors: Fabrizio Vecchio,
Francesca Miraglia and David
A. Becker

Received: 1 August 2022
Accepted: 20 September 2022
Published: 22 September 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

(gom

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

3

Neuro-Com Research Group, Department of Audiovisual Communication and Advertising,

Universitat Autonoma de Barcelona, 08193 Barcelona, Spain

Research and Development, Instituto de Radio Television Espafiola, Corporacion Radio Television Espaiiola,
08174 Sant Cugat del Valles, Spain

Division of Neurosciences, Pablo de Olavide University, 41013 Sevilla, Spain

*  Correspondence: celia.andreu@uab.cat

Abstract: The purpose of this study is to determine if there is asymmetry in the brain activity between
both hemispheres while watching cuts in movies. We presented videos with cuts to 36 participants,
registered electrical brain activity through electroencephalography (EEG) and analyzed asymmetry
in frontal, somatomotor, temporal, parietal and occipital areas. EEG power and alpha (8-13 Hz)
asymmetry were analyzed based on 4032 epochs (112 epochs from videos x 36 participants) in each
hemisphere. On average, we found negative asymmetry, indicating a greater alpha power in the
left hemisphere and a greater activity in the right hemisphere in frontal, temporal and occipital
areas. The opposite was found in somatomotor and temporal areas. However, with a high inter-
subjects variability, these asymmetries did not seem to be significant. Our results suggest that cuts in
audiovisuals do not provoke any specific asymmetrical brain activity in the alpha band in viewers.
We conclude that brain asymmetry when decoding audiovisual content may be more related with
narrative content than with formal style.

Keywords: neurocinematics; visual perception; audiovisual cuts; cognitive neuroscience; asymmetry

1. Introduction
1.1. Neural Processing of Visual Content

Visual perception is one of the most studied topics in neuroscience [1-3]. Learning
how the brain processes visual content has been of interest for decades. Visual processing
is considered in a hierarchical network [4] with different stages [5]. However, after several
experimental approaches, it is not convincingly clear what happens in the brain after
a visual stimulus is presented. It is believed that the processing of visual content is a
very rapid processing with a large number of stages involved, presumably based on feed-
forward mechanisms [6]. Currently, there are, at least, two plausible frameworks of how
perception occurs: the outside-in and the inside-out [7]. While in the former the stimulus
reaches the eyes with a response of the brain that causes neurons to fire, in the latter we
understand the external world by taking actions to learn about an object [7]. On the other
hand, the memory—prediction framework matches sensory inputs with stored memory
patterns to perceive thanks to elaborate predictions based on previous memories [8]. Based
on evidence, what seems more plausible is that different brain areas (or systems) are in
charge of perceiving (or processing) different physical characteristics of visual stimuli [9].

1.2. Neural Processing of Audiovisual Cuts

Films present plenty of cuts. They organize the visual content for viewers [10] and,
while they present new visual content that needs to be decoded, viewers hardly notice
them [11]. According to previous studies, cuts inhibit viewers’ eye-blink rate [12] and the
higher number of cuts an audiovisual has, the lower the eye-blink rate of viewers [13].
Since eye-blinks are attentional markers [14,15] (the higher the eye-blink rate, the lower
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the attention), this relationship suggest that cuts affect viewers’ perception. Probably due
to the new visual content following cuts, they also trigger an increase of occipital brain
activity (in the visual cortex) that flows towards frontal areas [12]. Moreover, the brain
activity and brain connectivity (functional and effective) when watching cuts depends
on the audiovisual background and expertise of the viewer, with higher activation of
occipital areas in media professionals and higher activity of medial and frontal areas in
non-media professionals [16].

1.3. Brain Asymmetry in Visual Perception

A great part of the world is symmetrical. In part, we process symmetry with an
automatic response [17], but how symmetrically our brain works is yet to be solved. Frontal
alpha asymmetry has been studied in correlation with behavior and emotion [18,19]. It
has also been approached while viewing videos with different engagement levels [20],
showing higher right frontal brain activity when viewing videos of interest compared with
not-interesting videos. Asymmetry during emotionally evocative films and its relation
to positive and negative affectivity has also been studied [21], finding that subjects with
positive affectivity exhibit more left-sided activation while watching happy films. Moreover,
resting alpha power asymmetry in the frontal area predicts self-reported negative affect
in response to videos [22], with a strong relation between frontal asymmetry and fear
responses to films. In the area of advertising, this relation between the brain asymmetry
and the emotions has also been found when watching ads [23].

While many researchers have approached the perception of cuts in media [24-27]
and, as seen, there are some studies about brain asymmetry when watching films, to our
knowledge, nobody has studied brain asymmetry in viewers while watching audiovisual
cuts, regardless of the emotional content and the emotional feelings that their subsequent
content can provoke.

In this study we wondered about the brain asymmetry of viewers when watching the
brand-new visual content that follows cuts in movies. To investigate this, in this work we
compared brain activity in both hemispheres of viewers watching cuts. The aim was to
check whether there was asymmetry of the brain activity in specific areas of the brain.

2. Materials and Methods
2.1. Participants

Thirty-six participants with normal or corrected-to-normal vision were recruited for
this experiment. Participants were aged 28-56 (43.97 £ 8.07). Six were females. Half of
participants were media professionals with 6 years or more of expertise. They did not
receive any economic compensation for participating in this study. We followed relevant
guidelines and regulations for human research and procedures were approved by the
Ethics Commission for Research with Animals and Humans (CEEAH) of the University
Autonoma de Barcelona, Spain. All participants gave prior written informed consent to
participate in the study.

2.2. Stimuli

We created three video stimuli with the same narrative content and duration (198 s), but
different styles and a different number of cuts. The videos were randomly presented to all
participants. The narrative of the three video stimuli consisted of a man who entered a room
with a black background, sat at a desk, juggled with three balls, opened a laptop, looked up
some information in books, wrote something in the laptop, closed it, ate an apple, looked
directly into camera, and left the room. One stimulus was a one-shot movie with a single shot
and no cuts. The second video presented a classical and organized style of edition, with a
total of 33 shots and an average shot length (ASL) of 5.9 s. The third stimulus presented a
chaotic and disorganized style of edition, with a total of 79 shots and an ASL of 2.4 s. Since
here we are interested in analyzing asymmetry when watching audiovisual cuts, we only use
data from stimuli two and three, since the first video did not have any cuts.
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Stimuli were presented on a high-definition (HD) 42-inch light-emitting diode (LED)
display (TH42PZ70EA, Panasonic Corporation, Osaka, Japan) using Paradigm Stimulus
Presentation software v1.5 (Perception Research System Inc., Lawrence, KS, USA).

2.3. Data Acquisition

Continuous EEG was recorded from participants using an Enobio® system (Neuro-
electrics, Barcelona, Spain) equipped with 20 electrodes [O1, O2, P7, P3, Pz, P4, P8, T7, C3,
Cz, C4, T8, F7, 3, Fz, F4, F8, Fp1, Fp2, and an additional electrode used for electrooculo-
gram (EOG) recordings] placed according to the International 10-20 system [28], referenced
to electronically linked mastoid electrodes. Data were sampled at 500 Hz. In order to have
a good quality of the signal, we asked participants to avoid chemical products (such as hair
spray or similar) in their hair before coming to the experimental session. Data acquisition
was synchronized with the data presentation system through a TCP/IP system.

2.4. Data Analysis

Data processing was carried out using EEGLAB [29] open-source software (version
2022.0), running on MATLAB 2020a (The MathWorks Inc., Natick, MA, USA) under a
MacOS High Sierra (version 10.13.6) (Apple Inc., Cupertino, CA, USA). We used a spherical
BESA® template for channel location. We computed average reference, and high-pass
filtered the data at 0.5 Hz and low-pass filtered it at 40 Hz. We divided the data into
1500-ms epochs (500 ms before the cut and 1000 ms after the cut), removing the baseline.
For rejecting artifacts, bad channels, and wrong data, we used visual inspection and the
ADJUST plug-in [30] for EEGLAB, after applying independent component analysis (ICA).
To locate dipoles, we used DIPFIT plugin. Estimates of EEG power were based on 4032
epochs (112 epochs from videos x 36 participants) in each hemisphere. All statistical
analyses were performed with Sigmaplot 11.0 (Systat Software Inc., San Jose, CA, USA) and
with GraphPad Prism version 9.4.1 for Mac (GraphPad Software, San Diego, CA, USA).

We selected data from different brain areas in the left hemisphere and their correspon-
dent in the right hemisphere. We divided the brain in five sections: frontal, somatomotor,
temporal, parietal and occipital. Then we selected the available electrodes for each area
(see Table 1). In each brain area, we computed the asymmetry in alpha band (8-13 Hz).

Table 1. Selected sections of the brain for data analysis.

Brain Area Left Hemisphere Right Hemisphere
Fpl Fp2
Frontal F3 F4
F7 F8
Somatomotor C3 Cc4
Temporal T7 T8
. P3 P4
Parietal P7 P8
Occipital o1 02

To compute asymmetry, the measures of the five mentioned regional areas were
calculated separately by subtracting natural-log transformed regional EEG power in the left
hemisphere from natural-log transformed power at homologous site in the right hemisphere
[In(right) power — In(left)power] [31]. Positive values of asymmetry reflect greater alpha
power in the right hemisphere, indicating greater activity in the left hemisphere, while
negative values reflect greater alpha power in the left hemisphere, showing greater activity
in the right hemisphere [32]. Then we computed descriptive statistical analysis of all
participants and statistical analysis between the group of media and the group of non-
media professionals. The Shapiro-Wilk test was used as normality test (p < 0.05).



Symmetry 2022, 14, 1980

40f10

3. Results

We obtained mean values of alpha power and alpha asymmetry in the brain areas
selected: frontal, somatomotor, temporal, parietal and occipital (Table S1).

3.1. Alpha Power

Mean (SD) alpha power (in pV) in frontal areas was 3.006 (3.936) in left hemisphere
and 2.557 (2.004) in right hemisphere. In somatomotor areas, it was 0.545 (0.462) in left
hemisphere and 0.577 (0.534) in right hemisphere. The temporal area showed 0.696 (0.603)
in left hemisphere and 0.658 (0.527) in right hemisphere. The parietal showed 1.029 (0.944)
in left hemisphere and 0.988 (0.865) in right hemisphere. Finally, the occipital showed 0.742
(0.688) in left hemisphere and 0.712 (0.691) in right hemisphere.

We computed Wilcoxon signed rank tests between alpha power in each hemisphere
for each brain area in order to study each specific brain area separately. We obtained no
significant differences between hemispheres in none of the cases: frontal area [Z = —0.456,
p = 0.654]; somatomotor area [Z = 0.833, p = 0.409]; temporal area [Z = —1.037, p = 0.303];
parietal area [Z = —0.896, p = 0.375]; and occipital area [Z = —0.503, p = 0.621].

To check relations among the different brain areas x hemispheres, we computed
a Friedman repeated measures ANOVA on ranks with the alpha power. We obtained
significant differences [X2 (9, N = 36) = 155.254, p = < 0.001]. We used a Dunn test as
multiple comparison procedure in all pairwise, taking as significant differences those with
p < 0.05. We obtained the result that alpha power in the frontal left area differed from all
the rest of the studied areas, except for frontal right: somatomotor left and right, temporal
left and right, parietal left and right and occipital left and right. We also obtained the
result that frontal right activity differed again from all the studied areas, except for frontal
left. Moreover, we found some other significant differences between parietal left and
somatomotor left and right, and thetemporal right, and also between parietal right and
somatomotor left and right (see Table 2).

Differences found in alpha power among different brain areas and hemispheres
(Table 2) could suggest some crossed asymmetry; however, looking at the data in de-
tail whenever a significant difference is found between areas x hemispheres (e.g., frontal
left vs. somatomotor right), it also happens just between areas in the same hemisphere
(e.g., frontal left vs. somatomotor left). The only case where differences are found between
hemispheres is parietal left vs. temporal right.

Table 2. Multiple comparison results of alpha power with p < 0.05 using Dunn test for Friedman
repeated measures ANOVA on ranks.

Pairwise Comparison Rank Sum Diff. Significant? p-Value
Frontal left vs. frontal right 3.000 No >0.9999
Frontal left vs. somatomotor left 213.500 Yes <0.0001
Frontal left vs. somatomotor right 204.500 Yes <0.0001
Frontal left vs. temporal left 165.000 Yes <0.0001
Frontal left vs. temporal right 180.000 Yes <0.0001
Frontal left vs. parietal left 95.000 Yes 0.0098
Frontal left vs. parietal right 115.000 Yes 0.0003
Frontal left vs. occipital left 146.000 Yes <0.0001
Frontal left vs. occipital right 148.000 Yes <0.0001
Frontal right vs. somatomotor left 210.500 Yes <0.0001

Frontal right vs. somatomotor right 201.500 Yes <0.0001
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Table 2. Cont.

Pairwise Comparison Rank Sum Diff. Significant? p-Value
Frontal right vs. temporal left 162.000 Yes <0.0001
Frontal right vs. temporal right 177.000 Yes <0.0001
Frontal right vs. parietal left 92.000 Yes 0.0154
Frontal right vs. parietal right 112.000 Yes 0.0006
Frontal right vs. occipital left 143.000 Yes <0.0001
Frontal right vs. occipital right 145.000 Yes <0.0001
Somatomotor left vs. somatomotor right —9.000 No >0.9999
Somatomotor left vs. temporal left —48.500 No >0.9999
Somatomotor left vs. temporal right —33.500 No >0.9999
Somatomotor left vs. parietal left —118.500 Yes 0.0002
Somatomotor left vs. parietal right —98.500 Yes 0.0057
Somatomotor left vs. occipital left —67.500 No 0.3871
Somatomotor left vs. occipital right —65.500 No 0.4853
Somatomotor right vs. temporal left —39.500 No >0.9999
Somatomotor right vs. temporal right —24.500 No >0.9999
Somatomotor right vs. parietal left —109.500 Yes 0.0009
Somatomotor right vs. parietal right —89.500 Yes 0.0222
Somatomotor right vs. occipital left —58.500 No >0.9999
Somatomotor right vs. occipital right —56.500 No >0.9999
Temporal left vs. temporal right 15.000 No >0.9999
Temporal left vs. parietal left —70.000 No 0.2896
Temporal left vs. parietal right —50.000 No >0.9999
Temporal left vs. occipital left —19.000 No >0.9999
Temporal left vs. occipital right —17.000 No >0.9999
Temporal right vs. parietal left —85.000 Yes 0.0422
Temporal right vs. parietal right —65.000 No 0.5131
Temporal right vs. occipital left —34.000 No >0.9999
Temporal right vs. occipital right —32.000 No >0.9999
Parietal left vs. parietal right 20.000 No >0.9999
Parietal left vs. occipital left 51.000 No >0.9999
Parietal left vs. occipital right 53.000 No >0.9999
Parietal right vs. occipital left 31.000 No >0.9999
Parietal right vs. occipital right 33.000 No >0.9999
Occipital left vs. occipital right 2.000 No >0.9999

3.2. Alpha Asymmetry

Mean (SD) asymmetry in the analyzed areas was negative in frontal [—0.0822 (0.822)],
temporal [—0.0826 (0.504)] and occipital [—0.0826 (0.504)] areas, indicating a greater alpha
power in the left hemisphere that would correspond with a greater activity in the right
hemisphere of these areas. Asymmetry was found positive in somatomotor [0.0383 (0.422)]
and temporal [0.0474 (0.610)] areas indicating a greater alpha power in the right hemisphere
and greater activity in the left one (see Table 3). The high deviations indicate a high
variability among subjects (Figure 1).
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Table 3. Alpha power and asymmetry in frontal, somatomotor, temporal, parietal and occipital areas,
in left and right hemispheres.

Brain Area Left Hemisphere Right Hemisphere Asymmetry (SD)
Frontal 3.006 (3.936) 2.557 (2.004) —0.0822 (0.822)
Somatomotor 0.545 (0.462) 0.577 (0.534) 0.0383 (0.422)
Temporal 0.696 (0.603) 0.658 (0.527) 0.0474 (0.610)
Parietal 1.029 (0.944) 0.988 (0.865) —0.0826 (0.504)
Occipital 0.742 (0.688) 0.712 (0.691) —0.0826 (0.504)
1.0
0.5

|
o
(€]
1

In(right) — In (left), 813 Hz
o

_] .O T T T T T
Frontal Somatomotor Temporal Parietal — Occipital
area area area area area

Figure 1. Mean (SD) alpha asymmetry in frontal, somatomotor, temporal, parietal and occipital areas.
High SD indicates great variability inter subjects.

We observed that the asymmetry positive or negative trend was not standard among
all the participants in each brain area (see Figure 2). In the frontal area, half of participants
showed positive asymmetry, and half showed negative. In the somatomotor area, it was 22
(61.1%) positive versus 14 negative. In the temporal area, it was 15 (41.7%) positive versus
21 negative. In the parietal area, it was the same, 15 (41.7%) positive versus 21 negative.
And, in the occipital area, we found 16 (44.4%) participants with positive asymmetry and
20 with negative asymmetry.

We computed a Friedman repeated measures ANOVA on ranks with asymmetry of
the five studied areas and found no significant difference [X? (4, N = 36) = 3.044, p = 0.55].
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Figure 2. Alpha asymmetry from all participants. Data from all participants in this study, distributed
in relation to the five areas of this study: frontal, somatomotor, temporal, parietal and occipital.

3.3. Alpha Asymmetry and Media Expertise

As explained, half of the participants were media professionals. We computed un-
paired t-tests (or the non-parametrical Mann-Whitney rank sum test for non-normally
distributed data) in each area with both groups. We found no significant statistical differ-
ences between media and non-media professionals in any area: frontal [Mann-Whitney U
Statistic = 131.000, T = 302.000, n = 18, p = 0.335; rank sum test, Mann-Whitney rank sum
test]; somatomotor [Mann-Whitney U Statistic = 102.000, T = 273.000, n = 18, p = 0.06; rank
sum test, Mann-Whitney rank sum test]; temporal [Mann-Whitney U Statistic = 160.000,
T =2335.000, n = 18, p = 0.962; rank sum test, Mann—Whitney rank sum test]; parietal
[tes) = —0.919, p = 0.365, unpaired t-test]; and occipital [Mann-Whitney U Statistic = 142.000,
T =313.000, n = 18, p = 0.537; rank sum test, Mann—Whitney rank sum test].

4. Discussion and Conclusions

In this manuscript, we wondered whether there would be brain asymmetry in alpha
power when watching cuts in movies, dividing the analysis into five brain areas: frontal,
somatomotor, temporal, parietal and occipital. On average, we found positive asymmetry
in the somatomotor and the temporal area, as a result of a higher right hemisphere alpha
power that corresponds with a higher left hemisphere activity. We also found negative
asymmetry in frontal, parietal and occipital areas, suggesting the contrary. However,
we found great variability among participants and, when computing the statistics, these
asymmetries did not seem to be significant. These results suggest that cuts in audiovisuals
do not evoke any specific asymmetrical brain activity in the alpha band in viewers. Note
that previous studies analyzing brain asymmetry when watching videos paid attention to
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the narrative content and the emotions that those contents could elicit in viewers [22,23].
Here, we did not draw attention to the content but rather to the cut as a specific formal
characteristic of videos. These results suggest that brain asymmetry when decoding
audiovisual content may be more related with narrative content than with formal style.

We found some differences in alpha power between the non-corresponding brain
areas and hemispheres. This could be related to the differences in the rate of flow of brain
activity [6]. We found a significant difference in alpha power in left parietal and right
temporal areas. Although it suggests an interesting relation between both hemispheres and
areas, further studies should be made to confirm this.

We also looked for differences between media and non-media professionals. Based
on previous studies, these two groups perceive audiovisual content differently [16,33].
Different brain connectivity (functional and effective) has been found between them. Also,
there is quite a lot of literature regarding the effect of professional specialization or expertise
on the brain (such as in drivers [34,35], in musicians [36], in surgeons [15], in athletes [37],
among others). Here we found that there is no significant difference between media and
non-media professionals in terms of alpha asymmetry when watching audiovisual cuts.

To our knowledge no study had looked before at brain asymmetry in relation with
media professional expertise. Since brain connectivity differences between media and non-
media groups were found significant [16], while brain asymmetry was not, we believe further
studies connecting these two different manners of approaching brain activity could be of
interest for a better understanding of brain processing of local field potentials when watching
movies. Furthermore, in the future, a temporal dimension could be added to find possible
correlations of brain asymmetry in relation with the narrative content. Moreover, this type
of study could be replicated with attention tests [38,39] in order to look for correlations
between asymmetry and attention. Finally, it would be interesting to study correspondences
between asymmetry and eye-gaze behaviors when watching audiovisual content.

This study has several limitations: we did not ask participants about their right or left
handedness, so this information could not be added to the analysis. Another limitation
was the data acquisition approach: a higher number of electrodes (we used a 20-electrode
system) could have given a higher volume of conduction of the signal, and an individual
MRI could have provided much more specific information for each one of the participants.

In conclusion, cuts in audiovisuals do not evoke asymmetrical brain activities in the
alpha band in viewers, suggesting that brain asymmetry, when decoding audiovisual
content, may be more related with narrative content than with formal style.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/sym14101980/s1, Table S1: Alpha power and asymmetry of all participants.
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