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Resumen

Tradicionalmente, los productos o servicios (en adelante producser) eran unicos, y las
empresas posefan el control de estos. Este hecho tenfa unas implicaciones muy importantes
en el desarrollo de campafas de comunicacioén publicitaria, ya que el consumidor no tenia
alternativa al producser que era anunciado. Es decir, la empresa posefa en este caso una
especie de monopolio en relacién con el producser anunciado. Por ejemplo, podemos buscar
en la historia de la comunicacién publicitaria los comienzos de la marca y producto espafol
Cola Cao de Idilia Foods; su aparicién en los afios 40 fue todo un éxito, al ser un producto
novedoso y ademas unico en el mercado. Con el paso de los afios, el mercado ha ido
cambiando de manera radical, y donde antes habia un producser para un nicho de mercado,
en la actualidad existen multitud de producser, con caracteristicas similares, las cuales, en

muchos casos, el consumidor no consigue diferenciar.

Al mismo tiempo, la irrupcién de Internet y el impacto de las Tecnologias de la Informacion
y la Comunicaciéon (TIC) en la sociedad ha supuesto una verdadera transformacion en la
manera en la que las personas consumimos, nos comunicamos, relacionamos e interactuamos
con nuestro entorno. Nuestra forma de pensar, de sentir, e incluso el modo de comprar y de
comunicarnos con las marcas se ha visto alterada por completo. La industria de la
comunicacion ha visto un antes y un después tras la generacion 2.0 y nuestra inmersion en el
ecosistema de redes sociales. El desarrollo e innovacion en los procesos comunicativos ha
permitido a los usuarios de hoy en dia disponer de todo tipo de herramientas, medios y
canales para mostrar sus actitudes, opiniones, sentimientos y puntos de vista sobre cualquier
experiencia, producto o servicio. Ademads, a lo largo de la ultima década, esta revolucion en
los procesos comunicativos se ha visto acentuada por la relativa rapidez y velocidad en la
carga y transmisioén de datos, la democratizacion en el uso de las TIC y el acceso universal a
Internet. Estos hechos han inducido a una serie de cambios en la comunicacion social digital
por parte de los usuarios, adaptandose esta, de forma paulatina, a esta nueva realidad social
de comunicacién en los diversos entornos digitales. En este sentido, la comunicacion textual
se ha visto afectada y superada por la comunicacién visual. Segun diferentes estudios, un
93% de las decisiones que toman los usuarios a la hora de comprar se concentran en un
motivo visual, mientras que un 52% de los visitantes de una tienda online reconocen que no
volveran a entrar en una que les decepcione en términos visuales. Por lo tanto, elegir una

buena imagen para llevar a cabo una campafia publicitaria resulta fundamental para ganar



seguidores, fidelizar al usuario o mejorar el posicionamiento de la marca frente a sus
competidores. Estos dos hechos, la gran oferta de producser con baja o nula diferenciacion
entre ellos, junto con la irrupcion de Internet y el desarrollo e incorporacion masivo de las
TIC en la sociedad, ha provocado que las campafias de comunicaciéon se vuelvan
necesariamente “inteligentes” y apelen cada vez mas a las emociones de los consumidores.
Por ejemplo, encontramos uno de los anuncios mas conocidos de la marca de automéviles
BMW, donde se repite el eslogan “ste gusta conducir?” (y en ningin momento se muestra el
vehiculo anunciado); o la marca de automoviles Mazda; donde en sus anuncios se expresan
de la siguiente forma: “En Mazda no solo ofrecemos prestaciones, fabricamos emociones”.
En ambos ejemplos, la comunicacién esta dirigida a generar emociones en los consumidores,
con el objetivo de crear recuerdos que perduren en el tiempo y permanezcan en la mente del

consumidot.

Estos dos ejemplos no son tnicos, en la actualidad, existe gran diversidad de anuncios que
apelan directamente a las emociones, consiguen, segun diversos analisis, desde el punto de
vista neurolégico, quedarse en la memoria a largo plazo (es decir, la que importa, la que crea
los recuerdos). Ademas, conectan con el punto de decisiéon de compra. Cada vez que un
consumidor adquiere un producto, lo hace de una forma subjetiva. No se trata, por lo tanto,
de una decisién tomada por nuestro cerebro racional o consciente, por lo que llegar con el
mensaje a la parte emocional del cerebro es especialmente importante. Es en este punto
donde la comunicacién publicitaria esta experimentado un cambio abrupto, siendo preciso
cambiar los métodos, técnicas y procesos de comunicacién publicitaria para poder atraer al
consumidor. Para poder afrontar este reto, es preciso disponer de métodos, técnicas y
herramientas, que permitan analizar y medir el impacto emocional de las campafias de
publicidad con su publico objetivo. Ademas de, dotar a los equipos de comunicacién de
instrumentos para el disefio y desarrollo de campafas de comunicacién que incorporen la
emocion en el disefio de estas. Sin embargo, para alcanzar este objetivo, el primer paso es
comprender cémo el diseho visual afecta a la percepcidon y el comportamiento del
consumidor a nivel emocional. El objetivo de este trabajo de investigacion es analizar como
los elementos y principios de disefio visual afectan a la actividad cerebral de los
consumidores; as{ como la reordenacién de esos principios y elementos de manera formal
mediante una estructura jerarquizada para que puedan ser utilizados en los procesos de
diseno de campanas y estrategias de comunicacién mediante técnicas de inteligencia

computacional y neurociencia del consumidor.
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Capitulo 1. Introduccion

Variedad y diferenciacion de productos y servicios

Tradicionalmente, los productos o servicios eran unicos, y las empresas posefan el control
de dichos productos o servicios (en adelante producser). Este hecho tenfa unas implicaciones
muy importantes en el desarrollo de campanas de comunicaciéon publicitaria, ya que el
consumidor no tenfa alternativa al producser que era anunciado. Es decir, la empresa tenfa

una especie de monopolio en relaciéon con el producser [1].

Por ejemplo, podemos ahondar en la historia de los comienzos de la marca y producto
espanol Cola-Cao (Figura 1); su aparicién en los afios 40 fue todo un éxito, al ser un producto

novedoso y ademas tnico en el mercado [2], [3].

Figura 1. Embalaje de Cola-Cao y Nesquik. Fuente: https://colacao.es/y https://www.nesquik.es/. Fecha de
consulta: 12/03/2022.

Este hecho no es unico y lo podemos encontrar reflejado en el comportamiento de compra
de la poblacién espafiola, con ejemplos de asociacién producto-marca como: “voy a tomar

<

un Danone”, cuando la persona lo que querfa era tomar un yogur, o “voy a tomar una

bl

Puleva”, cuando la persona lo que queria era tomar un batido [4].

Sin embargo, con el tiempo, fueron apareciendo competidores, asi como otras marcas con
productos o servicios de caracteristicas similares, o, dicho de otro modo, con producser
especificos para ese nicho de mercado. Sirva de ejemplo la aparicién en los afios 50 y 60 de
un competidor directo del Cola-Cao; la marca y producto estadounidense Nesquik, entre

otros muchos [5].
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Con el paso de los afios, el mercado ha ido cambiando de manera radical, y donde antes habia
un producser para un nicho de mercado, en la actualidad existen multitud de producser, con

caracteristicas similares, las cuales, en muchos casos, el consumidor no consigue diferenciar

[6]-

La diferenciacion de producser puede basarse principalmente en diversos atributos
como pueden ser las campafias de comunicacién de dicho producto, la calidad, el color, el
tamano, el servicio posventa, la atencion especializada, la localizacién, el reconocimiento
de marca o lujo (Figura 2). Asfi, cualquier atributo que haga percibir de forma distinta un bien

o servicio se considera diferenciacion de producto [7].

Figura 2. Estanterfa de supermercado con diversas lineas de producto de la marca Lay’s [8].

Es en este punto donde la comunicaciéon y por ende el universo del marketing han
experimentado y estan experimentando un cambio disruptivo, haciéndose, por lo tanto,
necesario cambiar los métodos, técnicas y procesos de comunicacion para poder atraer a

potenciales consumidores [9].

En la actualidad la importancia de los producser se encuentra en las denominadas
caracteristicas intangibles. Valga de ejemplo la empresa El Corte Inglés (grupo de
distribucién mundial con sede en Espana). Si preguntiramos a cualquier persona qué
comercializa esta empresa que no se pueda encontrar en otra, la respuesta seria sencilla, lo
que vende se puede encontrar en cualquier otro lugar, entonces, spor qué los consumidores
son atraidos hacia dicha empresa? La respuesta es que vende un valor intangible directamente

relacionado con las emociones: “Vende satisfaccién”.
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Este hecho no es tnico, por ejemplo, en el anuncio de la marca BMW que popularizé el
eslogan 'ste gusta conducir?, en ningun momento se muestra el vehiculo, y lo que apela
directamente la campafa es al sentimiento del placer de conducir; siendo este hecho
facilmente trasladable a otra marca de automéviles como puede ser Mazda, con el eslogan

que reza: “En Mazda no solo ofrecemos prestaciones, fabricamos emociones” (Figura 3).

Disenamos un sentimiento.

Figura 3. Espot publicitario “Transmitiendo emociones” de Mazda. Fuente:
https:/ /www.youtube.com/watch?v=d8Up1dL5EEY. Fecha de consulta: 15/04/2021.

Para muchas empresas, la diferenciaciéon de producser es necesaria para su supervivencia.
Los producser que no tienen una estrategia de diferenciaciéon en vigor corren el riesgo de
perderse en el mar de productos similares e inevitablemente no mantienen su lugar en el

mercado [10].

A este hecho de que existe una gran variedad de producser para un mismo nicho de mercado,
hay que sumarle que el modelo de sociedad se ha transformado, motivado por las nuevas
tecnologias, evolucionando a la denominada sociedad de la informacién, viéndose

justamente, modificadas las formas de adquisicion de los diferentes producser ofertados [11].

Marketing multicanal: Nuevos canales y modelos de

venta

El marketing multicanal se refiere a la practica en la que las empresas interactian con los
clientes a través de multiples canales, tanto directos como indirectos, para vendetles,
producser. Las empresas utilizan los canales directos, aquellos en los que la empresa llega al
cliente de forma proactiva -como las tiendas fisicas, los catdlogos y el correo directo-, o los

indirectos, en los que impulsan el contenido a través de los sitios web o las redes sociales,
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también conocidos como marketing entrante [12]. El marketing multicanal se basa en el
hecho de que los clientes tienen mas opciones que nunca para informarse sobre los producser

[13].

El marketing multicanal combina muchos canales de distribucién y promocién en una sola
estrategia unificada para atraer a los clientes (Grafica 1). Este enfoque comunica de forma
eficiente y eficaz el valor de los producser utilizando los puntos fuertes de canales de
marketing especificos. Estos canales incluyen, entre otros, el correo electrénico, el correo
directo, los sitios web, las redes sociales, los anuncios publicitarios y las tiendas minoristas.
Los vendedores pueden utilizar varios canales de distribucién para que los clientes puedan
adquirir los productos de la forma que prefieran; por ejemplo, una empresa puede vender

productos en un minorista especifico y mantener su propia tienda en linea [14].

Multi-Channel Omni-Channel

T el = )

Separate interaction between the
customer and the retailer via an
independent channel and media Simultancous internction between the
customer and the retailer via multiple
channels and media

Grafica 1. Multicanal vs. Omnicanal [15].

Sociedad de la informacion: Las nuevas formas de

comunicacion y el consumidor informado

La irrupcién de Internet y el impacto de las TIC en la sociedad ha supuesto una verdadera
transformacién en la manera en la que las personas nos comunicamos, relacionamos e

interactuamos con nuestro entorno. Nuestra forma de pensar, de sentir, e incluso el modo
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de comprar (Figura 4) y de comunicarnos con las marcas se ha visto alterada por completo

[16], [17].

Figura 4. Tienda de Jack Threads en Instagram Shopping [18].

La evolucién de la comunicacién ha visto un antes y un después tras la generacion 2.0 y
nuestra inmersion en lo que comunmente denominamos ecosistema digital [19]. El desarrollo
e innovacioén en los procesos comunicativos ha permitido a los usuarios de hoy en dfa
disponer de todo tipo de herramientas, medios y canales para mostrar sus actitudes,

opiniones, sentimientos y puntos de vista sobre cualquier experiencia, producto o servicio

[20].

Ademas, a lo largo de la tltima década, esta revolucion en los procesos comunicativos se ha
visto acentuada por la relativa rapidez y velocidad en la carga y transmisién de datos [21], la

democratizacién en el uso de las TIC [22] y el acceso universal a Internet [23].

Segun IBM, cada dia se crean 2,5 quintillones de bytes de datos [24], [25]. El cientifico
investigador Andrew McAfee y el profesor Erik Brynjolfsson del Massachusetts Institute of
Technology (MIT) sefialan que "cada segundo cruza mas datos por Internet que los que se
almacenaban en toda la red hace solo 20 afios". A medida que el mundo se conecta mas y
mas con un ndmero creciente de dispositivos electronicos, el volumen de datos seguira
creciendo de manera exponencial. El estudio, titulado "Data Age 2025: The Evolution of
Data to Life-Critical”, realizado por la consultora International Data Corporation (IDC) y
patrocinado por el fabricante estadounidense de discos duro Seagate, pronostica que para el
afio 2025 la generacion de datos ascendera a un total de 163 zettabytes (ZB), produciéndose

un incremento en 10 veces del volumen de datos mundial [26].
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Estos hechos han inducido a una serie de cambios en la comunicacién social digital por parte
de los usuarios, adaptandose esta, de forma paulatina, a esta nueva realidad social de
comunicacion en los diversos entornos digitales [27]—[29]. En este sentido, la comunicacion
textual se ha visto afectada por la inclusién de contenidos de caracter visual a través de la
mensajerfa online, apareciendo en este caso nuevas formas comunicativas de caracter visual
como pueden ser el uso de emoticonos [30], GIF [31], memes [32] o stickers [33]. De acuerdo
con diversos estudios, esta nueva realidad comunicativa (Figura 5), ha permitido a los

usuarios digitales, relacionarse, expresarse y compartir de una manera mas eficiente y eficaz

[34].

€ Tweet

° RUFFLES ©

Gimme.

Someone: *opens a bag of Ruffles*
Me:

Figura 5. Meme “Gimme. Someone: *opens a bag of Ruffles* Me:” en cuenta corporativa de Ruffles.
Fuente: https:/ /twitter.com/RUFFLES/status/1137018901815013376. Fecha de consulta: 27/10/2022.

La mayoria de los expertos coinciden en que los clientes son el mayor activo de las empresas.
La sociedad de la informacién ha revolucionado la forma de descubrir, comparar, adquirir y
consumir productos y servicios. Hoy en dia, el consumidor puede obtener informacién de
multitud de canales, y al mismo tiempo, interactuar con las empresas y otros consumidores

acerca de los productos o servicios (Grafica 2).
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Grafica 2. Evolucién del proceso de compra del consumidor. Adaptado de “The new customer path”, por
Kotler, P; Kartajaya and Setiawan, 1. Wiley & Sons, Inc, New Jersey, Marketing 4.0 (Edicién primera, p. 62),
2017 [35].

En esta nueva era, donde el volumen de informacion crece de forma exponencial dia a dfa,
los canales de comunicacién son variados, el consumidor puede acceder a multitud de
informacién al mismo tiempo que puede emitir sus propios juicios 0 comentarios acerca de

los productos o servicios [36], [37].

La componente emocional juega un papel crucial en todo el proceso de compra. Segin
algunos estudios, un producto o servicio que apele directamente a los sentimientos y
emociones del consumidor puede conseguir vender hasta un 23% mas [36], [38]. Por lo tanto,
conocer de antemano cémo puede responder un consumidor supone una ventaja

competitiva [39]—[41].

En este nuevo escenario, donde el consumidor experimenta una comunicacion bidireccional,
multiples canales de comunicacién con grandes volimenes de informacion que se emiten en
muchos casos en tiempo real, han hecho que la componente emocional en los procesos de
compra adquiera mayor importancia [42]. Por lo tanto, se hace cada vez mas necesario llevar
a cabo investigacion en estas areas con el objetivo de disefiar nuevos métodos y técnicas de

comunicacion enfocadas al consumidor, que se integren en esta nueva realidad [43], [44].

Institutos de investigacion, organismos y corporaciones de todo el mundo, conscientes de la
necesidad de analizar, valorar y diagnosticar las campafias de comunicacién y las diferentes
estrategias de marketing, han desarrollado indices de reputacion online (ORIs) capaces de

cuantificar las relaciones de los usuarios con las diversas entidades objeto de estudio [45].
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Los primeros ORIs hacian uso de la valoracién de los consumidores, los cuales expresaban
su opinion utilizando una escala de Likert (estrellas o likes), calculando posteriormente un
valor promedio con las valoraciones. Posteriormente, estas valoraciones incorporaron
valoraciones textuales, y mediante técnicas de andlisis de lenguaje natural y minerfa de
opinioén se extrae el sentimiento asociado a dichas valoraciones. La forma de expresarse de
los consumidores esta en continua evolucion, y en esta evolucion ha surgido la imagen. Este
hecho esta provocando que la informacion textual se vea complementada y en muchos casos
eclipsados por la inclusién de contenidos de caracter visual, a través de nuevas formas

comunicativas de caracter grafico [46], [47].

Comunicacion visual y marketing emocional

Conocer y entender las emociones resulta fundamental. Segin diversos estudios, la forma de
afianzar, consolidar y fidelizar a los consumidores se consigue a través de la conexion

emocional con ellos:

“El ser humano busca y experimenta emociones en las situaciones de consumo”.

R. Bagozzi, M. Gopinath y P. Nyer en el trabajo “I'he Role of Emotions in Marketing”
[48]publicado en la revista Journal of the Academy of Marketing (1999), describe las emociones:

“como un estado mental de activacion que surge derivado de las evaluaciones
cognitivas de situaciones (...) unido a procesos fisiologicos, se expresa a menudo
fisicamente y pueden resultar en acciones especificas para manifestar publicamente o
hacer frente la emocion, en funcién de su naturaleza y significado para la persona

implicada”.

En la Grafica 3, se muestran los niveles emocionales en el comportamiento de compra, desde

que el consumidor recibe la informacién hasta que la comunica. En este proceso intermedio,

donde se genera la emocién, se pueden distinguir tres niveles de emocion: Nivel
5

Comportamiento, Nivel Fisiolégico y Nivel Verbal/Subjetivo.
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Grafica 3. Las emociones en el comportamiento de compra. Emociones del consumidor. Fuente: Jornadas
sobre Tendencias en Consumo y Nuevas Oportunidades de Negocio. Consejo de Camaras de la Comunidad
Valenciana. Autora: Dra. Luisa Andreu, Universitat de Valéncia. Adaptacion de la obra de R.Bagozzi, M.
Gopinath y P. Nyer “The Role of Emotions in Marketing” [48].

En la actualidad, existe gran diversidad de anuncios que apelan directamente a las emociones,
consiguiendo, segun diversos analisis, desde el punto de vista neurolégico, permanecer en la
memoria a largo plazo (es decir, la que almacena los recuerdos por un periodo duradero).
Cada vez que un consumidor adquiere un producto, lo hace principalmente de una forma
subjetiva. En la mayoria de los casos no se trata de una decisiéon tomada por nuestro cerebro
racional o consciente, por lo que alcanzar con el mensaje la parte emocional del cerebro es
especialmente importante [42], [49], [50]. Las emociones son el motor que mueve la sociedad,
las que humanizan al ser humano [51], [52]. El estudio de las emociones no es un fenémeno
reciente, pues empez6 hace ya miles de afios en la Antigua Grecia con “la teorfa aristotélica
de las emociones” [53]. Ya en 1872, el naturalista Charles Darwin escribié “La expresiin de las
emociones en el hombre y en los animales”, libro donde narraba que las expresiones y gesticulaciones
faciales influfan en la evolucion de las especies [54]. Mas adelante, en 1980, el profesor Robert
Plutchik, mostré su teotrfa de la rueda de las emociones (Figura 6), formada por ocho
emociones basicas. Para Plutchik, esta se parecia a la Teoria de los colores de Goethe (Figura
7) donde los colores primarios se entremezclan; ocurriendo lo mismo con las emociones

basicas, que se combinaban para crear un abanico de sentimientos.
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remorse

Figura 6. Rueda de las emociones de Robert Plutchik [55]—[57].

Figura 7. Teorfa de los colores (1810) de Johann Wolfgang von Goethe [58]—[60].

En 1990, el psicélogo estadounidense Paul Ekman, después de afios de investigacion y
estudio, extendi6 el conjunto de emociones en un total de 17 emociones reconocidas: alivio,
bochorno, complacencia o contento, culpa, diversién, desprecio o desdén, entusiasmo o
excitacion, felicidad, ira o rabia, miedo o temor, tristeza, orgullo o soberbia, placer sensorial,

repugnancia, repulsa, asco o repulsién, satisfacciéon, sorpresa y vergiienza [61]—[63].
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Recientemente, en el afio 2017, diversos investigadores han ampliado la seleccion de

emociones reconocidas de Ekman en un total de 27 [64].

Experience
ATLAS
OF
EMOTIONS

Our Experience

Figura 8. The Ekmans' Atlas of Emotions. Fuente: http://atlasofemotions.org/#continents/. Fecha de
consulta: 27/10/2022.

Los estudios sobre la emocién son cruciales para la investigaciéon publicitaria, ya que se ha
demostrado que la emocién desempena un papel fundamental en el recuerdo y memorizacion

de los anuncios [65].

Tell Congress
there is no room
in government for
climate deniers

| strike for
climate action

[

Figura 9. Campafia de comunicacién “Facing extintion” de Patagonia. Fuente:

https://www.patagoniaworks.com/press/2019/9/19/facing-extinction. Fecha de consulta: 27/10/2022.

El atractivo de los anuncios (Figura 9) se correlaciona con cambios especificos en la actividad
cerebral de varias regiones del cerebro (Figura 10), como el cortex prefrontal medial, el
cingulo posterior, el nucleo accumbens y las cortezas visuales de orden superior [66]—[68].
Esto puede representar una interacciéon entre el atractivo percibido del anuncio por el

consumidor y las emociones expresadas por las personas representadas en el anuncio [69].
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Se ha sugerido que los anuncios que utilizan personas con emociones positivas se perciben
como atractivos, mientras que los anuncios que utilizan exclusivamente texto o que
representan a personas con expresiones neutras pueden considerarse generalmente poco
atractivos [70]. Los anuncios poco atractivos activan la insula anterior, que desempena un
papel en el procesamiento de las emociones negativas [71]. Mediante diversas técnicas de
neurociencia del consumidor y neuromarketing como la resonancia magnética funcional
(fMRI) o el seguimiento visual (eye-fracking) se ha demostrado que tanto los anuncios
atractivos como los poco atractivos son mas memorables que los anuncios descritos como
ambiguamente atractivos [72]. Sin embargo, se precisa profundizar mas en este campo,
siendo necesaria mas investigaciones con el objetivo de determinar cémo se traduce este
hecho en la percepcion general de la marca a los ojos del consumidor y como puede afectar

al comportamiento de compra [67].

OCORTEX

LIMBIC SYSTEM

REPTILIAN COMPLEX

Figura 10. Cerebro tritnico. Neocortex (Pienso) en azul es el cerebro racional, razonamiento, reflexion, el
Cerebro limbico (Siento) en amarillo es el cerebro emocional, emociones y percepcion no consciente y el
Cerebro reptiliano (Actdo) en rojo, es el cerebro instintivo, supervivencia [73]-[76].

Para los responsables de la gestion publicitaria es muy valioso conocer qué tipo de estimulos
son capaces de influir en las emociones y el comportamiento de las personas [67]. Alguna de
las estrategias que siguen los creadores visuales y disefiadores para conectar mejor con los
consumidores, tratando de apelar directamente a sus sentimientos, se produce mediante la
creacion de historias (Figura 11), sirviendo estas para transmitir valores y lograr una fuerte

empatia e identificacion entre cliente y marca.
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Figura 11. Campafia interactiva por el cancer en el metro de Estocolmo de la Fundacién Sueca de Cancer.
Fuente: https:/ /www.youtube.com/watch?v=XUWCFeNfzWk. Fecha de consulta 27/10/2022.

Ademas, diversos estudios sugieren que, en el universo de las redes sociales, el 35% de los
retweets lleva una imagen y las imagenes de Facebook consiguen un 53% mas “me gustas”,
un 104% mas comentarios y un 84% mas de clics. Las estadisticas indican que un 93% de las
decisiones que toman los usuarios a la hora de comprar se concentran en un motivo visual,
mientras que un 52% de los visitantes de una tienda online reconocen que no volveran a
entrar en una que les decepcione en términos visuales. Por lo tanto, elegir una imagen 6ptima
para llevar a cabo una campafa publicitaria resulta fundamental para ganar seguidores,
fidelizar a los consumidores, y crear imagen de marca, entre otros [77]—[81]. Para poder
afrontar este reto, es preciso disponer de métodos, técnicas y herramientas, que permitan
analizar y medir el impacto emocional de las campanas de publicidad con su puiblico objetivo.
Ademas de, dotar a los equipos de comunicacion de herramientas para el disefio y desarrollo

de campanas de comunicacion [82]—[84].

Asimismo, analizar el sentimiento y comprender las emociones que subyacen a una serie de
informaciones textuales y visuales resulta fundamental a la hora de identificar, medir y extraer
informacién subjetiva de los contenidos existentes (emociones, conductas, actitudes y
opiniones) expresados en las menciones en linea en los ecosistemas digitales (redes sociales,

foros, sitios web, etc.) [85], [80].

Elementos y principios de disefo visual

Los limites entre la informacién procesada por el cerebro humano y por las maquinas son
cada vez mas difusos. Los recientes avances en la interfaz cerebro-ordenador (BCI) estan
permitiendo nuevas formas de interaccién entre los humanos y las maquinas. Al mismo

tiempo, crece el interés por el area de reconocimiento de emociones [87], que permite que
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los ordenadores aprendan a reconocer las reacciones emocionales de los humanos.
Asimismo, el estudio de las sefiales fisiologicas ofrece una via para evaluar la calidad de la

experiencia de los sistemas de comunicacién modernos [88].

Estas tendencias emergentes tienen el potencial de revolucionar la forma en que interactuan
los seres humanos y las maquinas, pero un elemento crucial y a veces ignorado de esta
interacciéon es la forma en que la informaciéon se muestra visualmente a los operadores
humanos. Esto es importante debido a la creciente cantidad de tiempo que los humanos
pasan frente a las pantallas. Es esencial que la informacion se presente visualmente de forma
que mantenga la atenciéon del agente humano y que promueva en él la respuesta emocional y

cognitiva deseada [89].

Los principios y elementos de disefio de la comunicacion visual son cruciales para lograr una
presentacion optima de los estimulos visuales. Estos principios buscan crear contenidos
visualmente atractivos para comunicar mensajes especificos y persuadir, de forma que se
facilite la comprension del mensaje y se garantice una impresion duradera en su receptor.
Este objetivo se consigue mediante la manipulacién consciente de los elementos y principios
inherentes, como la forma, la textura, la armonfa de la direccién y el color (Figura 12) que
componen el producto disefiado. A pesar de las investigaciones realizadas anteriormente en
los ambitos del disefio grafico y la psicologia, con aplicaciéon en campos como las artes
visuales, la creaciéon de marcas y la gestion de productos, aun no se conoce del todo como
los elementos y principios del disefio visual (VDEP) infieren y repercuten en la actividad

cerebral humana [90].
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Figura 12. Campafia de comunicacién publicitaria “Beautiful World” de Spice]et. Fuente:
https:/ /www.adsofthewotld.com/campaigns/beautiful-wotld. Fecha de consulta: 27/10/2022.
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El director de cine Wes Anderson ha desarrollado un estilo de composicion estética distintivo

que es facilmente reconocible por su uso de llamativas paletas de colores.

Wes Anderson se ha convertido en uno de los cineastas actuales mas reconocibles por dos
motivos: la estética de sus trabajos (Figura 13) y su forma de contar historias [91]. Todos los
elementos y principios de disefio visual tienen un sentido y significado en las diversas escenas
de su filmografia[92]. Por ejemplo, la elaboraciéon de sus paletas de color, tienen una
importancia fundamental, no solamente desde el punto de vista de la contemplacion y el
placer estético, sino para crear y recrear un ambiente; Anderson las utiliza en muchas

ocasiones para marcar tiempos, o cambios en la historia [93].

Figura 13. Fotogramas y paletas de color de diversas peliculas del cineasta Wes Anderson [94].
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Capitulo 2. Objetivo general y objetivos

especificos

Objetivo general

Este trabajo de tesis doctoral es la continuacién de una linea de investigacion desarrollada a
lo largo de los ultimos afios por el Aula de Mecenazgo para la Innovacion de Métricas y
Gestion de Intangibles y el Centro de Investigacion Social Aplicada de la Universidad de
Malaga, donde se han llevado a cabo diversos estudios que han tenido por objetivo el modelar
los procesos de compra de los consumidores a través de técnicas de inteligencia

computacional.

En los primeros trabajos, la investigacién se ha centrado en la opinién que expresaban los
decisores a través de preguntas, o lo que nosotros denominamos informacion solicitada. En
este campo se han aportado indices para medir la consistencia de los juicios que emiten los
decisores, se han propuesto métodos de toma de decisién en grupo, asi como nuevas formas
de representar la informacion a través de matematica intervalar [41], [95]—[97]. En una
segunda fase de esta linea de investigacion se ha abordado el modelado de la informaciéon
implicita que el decisor utiliza en los procesos de decisién y que no expresa de manera
explicita. Ademas, se ha trabajado con informacién no solicitada, aquella que los
consumidores o decisores expresan de manera libre, por ejemplo, en las redes sociales,
integrando tanto la informacién solicitada como la no solicitada junto con la informaciéon

implicita.

La sociedad se transforma con gran celeridad motivada por los avances en la investigacion,
y el desarrollo de la tecnologia y las comunicaciones. Este aspecto ha propiciado que los
consumidores puedan informarse de manera permanente, en cualquier ubicacién y a través
de distintos canales de cualquier producser; expresar su opinion acerca de los mismos, y en
muchas ocasiones utilizando Gnicamente elementos de la comunicacion visual como pueden
ser animaciones (GIF), pictogramas (emojis), stickers u otras formas de expresion de caracter

grafico, donde la imagen predomina frente al texto [98].
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Es en este punto, donde surge el presente estudio de investigacion; el tratar de analizar,
comprender y modelar como las imagenes afectan al comportamiento de los
usuarios/consumidores y cémo pueden verse afectados los procesos de decisién y/o
compra, con el objetivo de utilizar los estimulos neuronales y analisis de la actividad cerebral

para estimar los criterios y pesos de compra del consumidor.

Por lo tanto, el objetivo de este trabajo de investigacion es analizar el impacto en las

emociones a través de los elementos y principios de disefio visual de las imdgenes/video.

El desarrollo de este estudio puede contribuir a la mejora en la optimizacién e
implementacién de campafias de comunicacion, al analisis del sentimiento y reconocimiento
de emociones con el fin de poder tomar mejores decisiones en tiempo real permitiendo
desarrollar mejores estrategias de comunicacién, aumentar la satisfaccion del
usuario/consumidor a través de la mejora en la compresion y analisis de la opinion, facilitar
la creacién de modelos para el disefio de campafias con mayor nivel de viralizacién, el
perfeccionamiento de sistemas para la generacién de imagenes mediante inteligencia artificial

as{ como crear sistemas de apoyo a la toma de decision empresarial, entre otros.

Objetivos especificos

La investigacion propuesta presenta los siguientes objetivos especificos (OE):

» OEL. Hacer un estudio cienciométrico sobre el analisis de sentimiento en imdgenes,
la mineria de opinién y el reconocimiento de emociones en publicidad, asi como una
aproximacion al campo de la neurociencia del consumidor, el neuromarketing y la

neuroestética.

» OE2. Analizar el impacto de los principios y elementos de disefio visual en las
emociones, a través del analisis neuronal (encefalogramas) de sujetos expuestos a
observaciones y tilizar Big Data (en este caso, aprendizaje profundo o Deep Learning)
para determinar los cambios en la actividad cerebral que genera el visionado de un
fotograma determinado en los usuatios/consumidores, mediante el modelado del
comportamiento dinamico de la actividad cerebral a través de escalas temporales y

espaciales (fusionando la conectividad estructura y la funcién cerebral teniendo en
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cuenta las restricciones espaciales y fisiologicas) y la caracterizaciéon de la topologia

de las redes cerebrales con diferentes tipos de conexiones y fuentes de actividad.

OE3. Disefiar los fundamentos para implementar un sistema de ayuda al disefio
publicitario utilizando técnicas de inteligencia computacional y electroencefalograma
(EEG) y creacion de una ontologia sobre los principios y elementos de disefio visual
para que pueda ser implementada en los diversos sistemas de apoyo a la decision, asi
como para la generacién y etiquetado de conjuntos de datos de imagenes utilizados

en ramas como la inteligencia computacional o la neurociencia.
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Capitulo 3. Metodologia e instrumento de

investigacion

Cienciometria y evaluacion de la ciencia

La primera parte de la investigacion se centra en la bibliometria y estudio de la produccion
cientifica, del analisis de sentimiento, la minerfa de opinion y el reconocimiento de emociones
en publicidad (primer estudio), asi como el estudio de los clasicos de citacion o H-Classics
[99] de las areas del neuromarketing, la neuroestética y la neurociencia del consumidor
(segundo estudio). El problema abordado, ademas de ser muy novedoso, también involucra
diferentes areas de conocimiento (artes, ciencias sociales, ciencias del comportamiento,
psicologia, entre otros), por lo que es preciso tener una fotografia del estado del arte en las

distintas disciplinas.

La cienciometria (Figura 14) se ocupa de los rasgos y caracteristicas cuantitativas de la ciencia
y la investigacion cientifica. Como cualquier método de cuantificacion, la cienciometria utiliza
diferentes escalas para evaluar la funcionalidad de la ciencia analizada, asi como para
investigar el desarrollo de las politicas de investigacién aplicadas por los diferentes paises y

las organizaciones que la practican, tanto en las ciencias sociales como en las naturales [100].

Informetrics

Bibliometrics
Scientometrics

Cybermetrics

Webometrics

Figura 14. Relacién entre dominios en el ecosistema de la informetria y la evaluacion de la ciencia [101],

[102].
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En la cienciomettfa, la propia literatura cientifica se convierte en objeto de analisis y en cierto
sentido, podria considerarse una ciencia de la ciencia. Los investigadores de la cienciometria
suelen intentar medir la evolucion de un ambito cientifico, el impacto de las publicaciones
académicas, los patrones de autorfa y el proceso de produccion de conocimiento cientifico
[103]. Mediante la cienciomettia, por ejemplo, podemos estudiar la produccion y el impacto
de los departamentos de comunicaciéon en los paises nérdicos o la evaluacion de la
investigacion de los programas de marketing utilizando datos de Google Académico, entre
otros [28]. La cienciometria suele implicar el seguimiento de la investigacion, la evaluacion
de la contribucién cientifica de autores, revistas o trabajos especificos, asi como el analisis
del proceso de difusién del conocimiento cientifico. Los investigadores de estos enfoques
han desarrollado principios metodologicos sobre las formas de recopilar la informacion
producida por la actividad de las comunicaciones de los investigadores, y han utilizado
métodos especificos como el analisis de citas, el analisis de redes sociales, el analisis de co-
palabras y el analisis de contenido, asi como la minerfa de textos para lograr estos objetivos.
Muchos estudios de bibliometrfa se centran en la autorfa o miden la contribucién de las
revistas y organizaciones de investigacion, pero también pueden implicar un analisis de
contenido de las palabras de los titulos, los resumenes, el texto completo de los libros, los
articulos de revistas o las actas de congresos, o las palabras clave asignadas a los articulos

publicados [104].

Aplicar la cienciometria en un campo concreto de conocimiento puede permitir profundizar
en la investigacion y el desarrollo de los campos cientificos, mejorar la formulaciéon de
politicas de evaluacion cientifica, investigacion y financiacion, establecer acuerdos de I+D+i
y crear sinergias entre autores, paises e instituciones [105]. Ademas, permite conocer qué,
quién, como, cuando y por qué se promueve y desarrolla un campo de investigacion, entre
otros [100], [107]. En este supuesto concreto, mediante los dos abordajes metodologicos
planteados (analisis bibliométrico y estudio de clasicos de citacion) se pretende radiografiar
el estado actual de la investigacion en las areas citadas con anterioridad con el objetivo de
comprender cudles son los nichos de investigacion, lineas potenciales de desarrollo, asf como

conocer los dltimos hallazgos en las citadas materias.
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Analisis de la actividad cerebral humana y elementos y

principios de diseino visual

La segunda parte de la investigacion se centra en el estudio de los elementos y principios de
diseno visual y su afeccién en la actividad cerebral humana. Para ello, se propone en primer
lugar la utilizacién de un conjunto de datos abierto (datasef) de analisis de imagen y actividad

cerebral humana mediante la técnica de encefalograma (EEG).

El EEG es una exploracion indolora, no invasiva, de bajo coste, usado ampliamente en la
practica clinica para la deteccion y control de la epilepsia, asi como en los estudios del

comportamiento del consumidor, neuromarketing y neuroestética [108], [109].

Se propone estudiar cémo 4 de los elementos y principios de disefio visual fundamentales a
la hora de disefiar cualquier contenido audiovisual: balance, color, luz y simetrfa afectan a la

actividad cerebral humana.

En primer lugar, se propone reordenar los canales del EEG (Figura 15) del conjunto de datos
abiertos, la realizaciéon de un filtrado y la seleccion manual de los principios y elementos de
diseno (Figura 16) sobre cada fotograma de los contenidos audiovisuales utilizados en el

estudio de EEG.
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Figura 15. Durante un electroencefalograma, se colocan discos de metal planos (electrodos) en el cuero

cabelludo [110].
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Figura 16. Algunos de los elementos y principios de disefio visual. Fuente:
https:/ /www.pinterest.es/pin/845128686317729297/. Fecha de consulta: 02/11/2022

En segundo lugar, se propone realizar un analisis estadistico sobre las bandas y canales del
espectro del EEG (Figura 17) con el fin de estudiar el efecto de los principios y elementos

de diseno visual sobre la energfa media expresada en estas bandas y canales.
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Figura 17. Un electroencefalograma es una prueba que detecta la actividad eléctrica del cerebro mediante
pequefios discos metdlicos (electrodos) fijados sobre el cuero cabelludo. Las neuronas cerebrales se
comunican a través de impulsos eléctricos y estan activas todo el tiempo, incluso mientras duermes. Esta
actividad se manifiesta como lineas onduladas en un registro de electroencefalograma.

Por ultimo, se propone la utilizacién de un modelo de inteligencia computacional de
aprendizaje profundo con el objetivo de predecir las variaciones del comportamiento
humano (actividad cerebral) frente a la exposicion de los diversos elementos y principios de
diseno visual a partir de su sefial eléctrica. El aprendizaje profundo es un tipo de aprendizaje

automatico e inteligencia artificial (IA) que imita la forma en que los humanos adquieren
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ciertos tipos de conocimiento. El aprendizaje profundo es un elemento importante de la

ciencia de los datos, que incluye la estadistica y el modelado predictivo (Figura 18).
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Figura 18. Red neuronal de aprendizaje profundo [111].

Metadatos, semantica y ontologias

Existen decenas de principios y elementos utilizados en comunicacién y disefio. Uno de los
principales problemas a la hora de acceder, interpretar y utilizar estos principios y elementos,
es que, desafortunadamente, en la actualidad no existe consenso entre la comunidad de
investigadores, disefiadores, pensadores y tedricos de la forma sobre el numero exacto de
principios y elementos, su naturaleza y su respectiva pertenencia, pues no se cuenta con una
jerarquia u organizaciéon de estos. Por este motivo, serfa de gran utilidad trasladar estos
principios y elementos a una estructura formal de tipos, propiedades y relaciones; y organizar

este conocimiento existe en forma de ontologias [112].

En informatica y ciencias de la computacién, una ontologfa abarca una representacién, una
denominacién formal y una definicion de las categorias, las propiedades y las relaciones entre
los conceptos, los datos y las entidades que fundamentan uno, varios o todos los dominios
del discurso (Figura 19). Mas sencillamente, una ontologia es una forma de mostrar las
propiedades de un area tematica y cémo se relacionan, definiendo un conjunto de conceptos

y categorias que representan el tema [113].
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Actualmente, uno de los componentes mas importantes de los sistemas de inteligencia
computacional utilizados en areas como la publicidad y el marketing, son los conjuntos de
datos masivos de imagenes y videos de comunicaciéon publicitaria necesarios para el
entrenamiento de estos. Poder contar con una estructura definida y uniforme, facilitaria el
procesado y posterior analisis de esos contenidos. No solamente permitirfa optimizar el

procesado, sino que harfa mas valiosa y rica la informacién contenida en dichas imagenes.

La tercera parte de la investigacion se centra en el citado ambito. Contar con una ontologia
especifica de principios y elementos de disefio visual (Figura 20), facilitaria el etiquetado de
grandes volumenes de imagenes, y estas una vez etiquetadas, podrian ser utilizadas para la
creacion de modelos de clasificacion automatica que permitirfan, por ejemplo: analizar las
preferencias que se expresan libremente en los ecosistemas digitales junto con lo que los
usuarios visualizan en contenidos audiovisuales, estudios avanzados biométricos sobre
estimulos visuales para investigacion publicitaria, militar, trabajos artisticos, analisis de
propaganda y comunicaciéon politica, entre otros. Este hecho, ademas, permitiria poner a
disposicién de estudiantes e investigadores, conjuntos de datos de indole publicitaria y estos
podrian ser utilizados con fines académicos o educativos en ambitos como los estudios de
diseno, periodismo, comunicacién audiovisual, publicidad y relaciones publicas, marketing e

investigaciéon de mercados o ingenierfa informatica, entre otros.

Concept

subClassOf subClassOf

Square
Relationship

Figura 19. Ejemplo basico de una ontologia [114].
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Capitulo 4. Mineria de opinidn, analisis de
sentimiento y comprension de las emociones en

la publicidad: Un analisis bibliométrico

Titulo. Opinion Mining, Sentiment Analysis and Emotion Understanding in Advertising: A

Bibliometric Analysis

Resumen. En la udltima década, la industria publicitaria ha experimentado un salto
cualitativo, impulsado por los recientes avances en neurociencia, una gran inversion en
inteligencia artificial y un alto grado de conocimiento del consumidor. En este contexto, la
minerfa de opiniones, el analisis de sentimientos y la comprensiéon de las emociones nos
acercan a uno de los objetivos mas perseguidos por la publicidad: ofrecer anuncios relevantes
a escala. LLa importancia de los estudios sobre minerfa de opiniones, analisis de sentimientos
y comprensioén de las emociones en la publicidad ha aumentado exponencialmente en los
ultimos afios. Bl punto algido de esta nueva situacién ha sido el interés de la comunidad
investigadora por estudiar la relacion entre dichas innovaciones y la difusién de la publicidad
inteligente y contextual. Este articulo analiza los trabajos que abordan la relacién entre el
analisis de sentimientos, la mineria de opiniéon y la comprensiéon de las emociones en la
publicidad. El objetivo principal es aclarar el estado actual de estos estudios, explorar las
cuestiones, los métodos, las conclusiones, los temas y las lagunas, asi como definir su
importancia dentro del actual escenario de investigacion sobre la publicidad convergente.
Para alcanzar dichos objetivos, se realizé un analisis bibliométrico, recuperando y analizando
919 trabajos de investigacion publicados entre 2010 y 2019 a partir de los resultados de Web
of Science (WoS).

DOI: https://doi.org/10.1109/ACCESS.2020.3009482
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Capitulo 5. H-Classics en Neurociencia del
Consumidor, Neuromarketing y Neuroestética:

ldentificacion y analisis conceptual

Titulo. Citation Classics in Consumer Neuroscience, Neuromarketing and Neuroaesthetics:

Identification and Conceptual Analysis

Resumen. El neuromarketing, la neurociencia del consumidor y la neuroestética son un
amplio campo de investigacién de la neurociencia con un amplio bagaje de publicaciones
cientificas. Asi, el presente estudio tiene como objetivo identificar los documentos altamente
citados (HCP) en este campo de investigacion, entregar un resumen del trabajo académico
producido durante la dltima década en esta area, y mostrar patrones, caracteristicas y
tendencias que definen el pasado, el presente y el futuro de esta area especifica del
conocimiento. Los HCP muestran una perspectiva de aquellos documentos que,
histéricamente, han despertado un gran interés por parte de la comunidad investigadora y
que podrian considerarse como la base del campo de investigaciéon. En este estudio,
recuperamos 907 documentos y analizamos, mediante la metodologia H-Classics, 50 HCP
identificados en la Web of Science (WoS) durante el periodo 2010-2019. El enfoque H-
Classic ofrece un método objetivo para identificar el conocimiento basico en disciplinas de
la neurociencia como el neuromarketing, la neurociencia del consumidor y la neuroestética.
Para realizar este estudio, utilizamos el paquete R de Bibliometrix y el software SciMAT. Este
analisis proporciona resultados que nos dan una vision util del desarrollo de este campo de
investigacion, revelando aquellos actores cientificos que han contribuido mas a su desarrollo:

autores, instituciones, fuentes, paises, asi como documentos y referencias.

DOI: https://doi.org/10.3390/brainscil 1050548
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Capitulo 6. Impacto de los elementos y principios
del disefio visual en la actividad cerebral del
electroencefalograma humano evaluada con
métodos espectrales y redes neuronales

convolucionales

Titulo. Impact of Visual Design Elements and Principles in Human Electroencephalogram

Brain Activity Assessed with Spectral Methods and Convolutional Neural Networks

Resumen. Los elementos y principios del disefio visual (VDEP) pueden desencadenar
cambios de comportamiento y emociones en el espectador, pero sus efectos sobre la
actividad cerebral no se conocen con claridad. En este trabajo, exploramos las relaciones
entre la actividad cerebral y los VDEP de color (ftio/caliente), luz (oscuro/brillante),
movimiento (ripido/lento) y equilibrio (simétrico/asimétrico). Utilizamos el conjunto de
datos publico DEAP con las sefiales de electroencefalograma de 32 participantes grabadas
mientras vefan videos musicales. Un equipo de dos expertos en comunicacion visual etiquetd
manualmente las VDEP caracteristicas de cada segundo de los videos. Los resultados
muestran que las variaciones de luz/valot, ritmo/movimiento y equilibrio en las secuencias
de videos musicales producen un efecto estadisticamente significativo sobre la potencia
absoluta media de las bandas EEG Delta, Theta, Alfa, Beta y Gamma (p < 0,05). Ademas,
entrenamos una red neuronal convolucional que predice con éxito la VDEP de un fragmento
de video tnicamente por la sefial EEG del espectador con una precisién que va desde 0,7447
para la VDEP de color hasta 0,9685 para la VDEP de movimiento. Nuestro trabajo muestra
pruebas de que las VDEP afectan a la actividad cerebral de diversas formas distinguibles y
que un clasificador de aprendizaje profundo puede inferir las propiedades visuales de las

VDEDP de los videos a partir de la actividad del EEG.

DOI: https://doi.org/10.3390/521144695
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Chapter 7. Towards a Holistic Synthesis of Visual

Design Elements and Principles: An Ontology



Overview

The traditional role of visual design has been to improve the visual appearance and function
of information [116]. Visual design is a professional area of design that systematizes codes,
iconic signs, and visual signifiers into messages. The objective of visual design is to create,
analyse and transform data into graphic structures and systems for the generation and
development of visual products and services that interact with society and respond to the
satisfaction of its needs through the creation of tangible or intangible assets that comply with
the principles of functionality, usability, and aesthetics [117], [118]. Certain principles guide
visual design to achieve the above objectives, and there are some key elements of visual
design that are used in different ways to create an impactful and engaging visual appeal for
the users. Visual Design Elements and Principles (VDEPs) are considered the building
blocks of design and visual communication [119]. The VDEPs include contrast, balance,
emphasis, movement, white space, proportion, hierarchy, repetition, colour, rhythm, pattern,
unity, and variety, among others. These elements and principles of design work together to
create something that is visually pleasing and optimizes the user experience. Furthermore,
the proper use of VDEPs can provide added value in the differentiation of products and
services and is also a fundamental tool for research, innovation, and development [120]—

[122].

VDEPs have been widely explored and studied throughout the history of mankind; there
have been several milestones, findings, and discoveries that have marked the advancement
of what we know today as a contemporary visual design [123], [124]. Some of these events
have been the appearance of the ancient Greek treatise on the art of persuasion, Ars Rhetorica
written by Aristotle in the fourth century BC [125], [126], the design of the first chromatic
circle (1706) by Isaac Newton [127]—[129], and the creation of the Gestalt, school of

psychology of perception, throughout the twentieth century [130], [131], among others.

Today, the interest of the scientific community in studying VDEPs continues [118], [120],
[132], [133]. The study of VDEPs has aroused much attention at present, as it delves into
the different attributes of the perceptual processes, to interpret the sociocultural contexts
and give support to the images. Recently, several experts, researchers, and scientists have
explored different aspects related to VDEPs and visual structures and their relationship with
cognitive theoties of perception [118], [134], [135] and learning [1306], [137]. Different

investigations have emphasized the analysis of the impact on the consumer of the different
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VDEDP:s related to the vision circuit (colour, movement, or balance) which can be applied in
advertising strategies [80], [138], [139] as well as in product design [140]. Some research
carried out has focused on studying the influence of visual information design principles in
human-machine interface design [141], the impact of principles and practices for enhanced
visual design in virtual learning environments [142] or studying and identifying the
relationships between VDEPs and brain activity recorded in electroencephalograms (EEG)
with results suggesting that there is a strong physiological relationship and significant

differences between the impact of the several existing VDEPs and human brain activity [143].

Over time, dozens of principles, and elements (VDEPs) used in visual design have been
identified [144]. One of the main issues in accessing, interpreting, and using these principles
and elements is that currently no existing consensus among the community of researchers,
designers, thinkers, and form theorists on the exact number of principles and elements at the
present, their nature, and their respective association, as there is no hierarchy or organization
of these. Even the designers that agree on the number don’t necessarily agree on which ones
should be included in that number. For this reason, it would be of great utility to translate
these commonly known principles and elements into a formal structure of types, properties,
and relations. One approach to structure this information is through the creation of
ontologies. Ontologies are an explicit formal specification of the terms in the domain and

relations among them [143], [145].

In the latest years, the development of ontologies has been moving from the realm of
Artificial-Intelligence laboratories to the desktops of domain experts [146]. In knowledge
areas like library and information science, philosophy, engineering or computer science, an
ontology comprises a representation, a formal naming and a definition of the categories,
properties, and relationships between concepts, data, and entities that underlie one, several
or all domains of discourse [147]. Ontology is the description of what exists specifically
within a determined field and includes machine-interpretable definitions of basic concepts in
the domain and relations among them [148]. For example, every part exists in a specific
information system and includes the relationship and hierarchy between these parts [149].
Some reasons for developing an ontology are to share a common understanding of the
structure of information among people or software agents, to enable the reuse of domain
knowledge, to make domain assumptions explicit, to separate domain knowledge from
operational knowledge and to analyse domain knowledge, among others. Sharing a common

understanding of the structure of information among people or software agents is one of the
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most common goals in developing ontologies, and many disciplines now develop
standardized ontologies that domain experts can use to share and annotate information in
their fields. Moreover, ontologies are also useful tools in the areas of digital libraries, the
semantic web, and personalized information management. Hence, generating a specific
ontology has many usages: it can be used as the first layer of larger intelligence tools, as a

classification tree for documents, or as a tool to explore a domain [150].

Currently, one of the most important components of computational intelligence systems
used in healthcare, neuroscience, business, marketing, advertising, or entertainment is the
massive datasets of text, images and video content needed to train the systems and thus
improve the accuracy of the various predictive models generated through artificial
intelligence [151]. For the development of these systems, it is necessary to obtain large
volumes of categorized and classified textual and visual information, preferably with
metadata useful for the training of computer intelligence systems [152]. More specifically, in
the field of computer vision, much work has been done in recent years to enable machines
to understand and describe the content of images. Describing images is extremely significant
when developing search engines, improving web accessibility, or developing

recommendation systems, among others [153].

Being able to count on a defined and uniform structure would facilitate the processing and
subsequent analysis of these contents. It would not only optimize the processing but would
also make the information contained in these images more valuable and richer. Having a
specific ontology of VDEPs would facilitate the labelling of large volumes of images, and
these once labelled could be used for the creation of automatic classification machine
learning models that would allow, for example: to analyse the preferences that are freely
expressed in digital ecosystems along with what users visualize on visual content, advanced
biometric studies on visual stimuli for advertising research, military, artistic works, analysis
of political communication, among others [154], [155]. To improve the performance of
computational intelligence models working with VDEPs, it would be possible to iterate

through the following stages:

> Collect data: Increase the number of training examples through VDEP

classification accuracy.

» Feature processing: Add more variables and better feature processing related to

VDEDPs.
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» Model parameter tuning: Consider alternative values in the VDEPs for the training

parameters used by the learning algorithm.

In addition, having an ontology in this knowledge domain would make it feasible to release
trained datasets to students and researchers that could be used for academic or educational
purposes in areas such as design, communication, market research, health, or engineering,

among others [156].

METHONTOLOGY: a methodology for ontology

construction

METHONTOLOGY was used as the methodology for ontology construction.
METHONTOLOGY was first introduced in 1999 and developed within the Ontological
Engineering Group at Universidad Politécnica de Madrid (Spain). This methodology enables
the construction of ontologies at the knowledge level and has its roots in the main activities
identified by the IEEE software development process and in other knowledge engineering
methodologies [157]. METHONTOLOGY promotes interoperability across agent-based
applicationss METHONTOLOGY also guides in how to carry out the whole ontology
development. Different researchers have applied METHONTOLOGY to the construction
of ontologies in diverse fields such as legal [158], chemistry [159] and medicine [160], and

others.

The Ontology Development Process refers to which activities are performed when building
ontologies. The Life Cycle is cyclical, based on evolutionary prototypes. This incremental
development of the ontology allows it to be validated and readjusted beforehand. Each cycle
starts with the programming activity that identifies the tasks to be carried out, their layout,
their temporal extension and the resources they require. In each cycle, the actual ontology
prototype moves through the development activities, from specification, through

conceptualisation, formalisation and implementation to maintenance, although it is not

43



necessary to go through all of them. Ultimately, the prototype may be mature enough for

evaluation and a new cycle can be started based on the evaluation findings (Figure 21).

Management activities include Planning, Control and Quality assurance. The management

process activities are responsible for the project management issues:

)

2)

3)

Planning: activity identifies the tasks to be performed, their arrangement, and the

time and resources needed.

Control activity: guarantees completion of tasks as intended.

Quality assurance: checks the quality of each methodology output (ontology,

software and documentation).

Technical activities involved in completing a development ontology cycle are Specification,

Conceptualization, Formalization, Implementation and Maintenance.

1)

2)

3)

4

5)

Specification: specifies the prototype.

Conceptualization: builds a conceptual model from pieces provided by the

knowledge acquisition activity, which is mainly run during the conceptualisation.

Formalization: formalises the conceptual model.

Implementation: implements the formalised conceptual model. This can be
automatic if the formalisation can be translated automatically to an ontology

implementation language.

Maintenance: maintenance of the resulting ontology, which might lead to a new

development cycle if unsatisfied or new requirements are detected.
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Support Process: Support activities

Support activities are performed at the same time as the development-oriented activities and

include Acquisition, Integration, Evaluation, Documentation and Configuration

Management.

1) Acquisition: acquires knowledge from experts or by (semi)automatic ontology

learning.

2) Evaluation: judges the developed ontologies, software and documentation against a

frame of reference.

3) Integration: checks if other ontologies are reused possibly in conjunction with
merging or alignment activities if multiple ontologies are reused and need to be

combined.
4) Documentation: details each completed stage and product.

5) Configuration management: records ontologies, software and documentation

versions to control changes.
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Figure 21. (A) Ontology Development Process and (B) Ontology Life Cycle through METHONTOLOGY
[158].

W3C Web Ontology Language (OWL)

The W3C Web Ontology Language (OWL) was used as a semantic web language. OWL is
designed to represent rich and complex knowledge about things, groups of things, and
relations between things. OWL is a computational logic-based language such that knowledge
expressed in OWL can be exploited by computer programs, e.g., to verify the consistency of
that knowledge or to make implicit knowledge explicit. OWL documents, known as
ontologies, can be published on the World Wide Web and may refer to or be referred to
from other OWL ontologies. Its two primary uses are fast and flexible data modelling and

efficient automated reasoning [161].

Protegé: Ontology development framework

Protégé was used as an ontology engineering workbench. Protégé version 5.5.0

(https://protege.stanford.edu/) is a free, open-source platform that provides a growing user

community with a suite of tools to construct domain models, build intelligent systems and
knowledge-based applications with ontologies [162], [163]. Protégé is a feature-rich ontology editing
environment with full support for the OWL 2 Web Ontology Language, and direct in-memory
connections to description logic reasoners like HermiT and Pellet. Protégé supportts the creation and
editing of one or more ontologies in a single workspace via a completely customizable user interface
and offers visualization tools that allow for interactive navigation of ontology relationships. Using

Protéggé, it is possible to refactor operations including ontology merging, moving axioms between
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ontologies, rename of multiple entities, and more. The tool allows RDF/XML, Turtle, OWL/XML,
OBO, and other formats available for ontology upload and download [164]. Protégé is widely used
among the scientific community, finding recent works in areas such as public health [165], E-learning

[1606], marketing [167] or recommendation systems [168], and others.

Although METHONTOLOGY recommends WebODPE as a technological framework, the

authors choose Protégé-OWL for the following reasons [169]:
» Protégé-OWL is more harmonized with OWL-DL than other tools.
» Itis platform-independent so developers can use it on any platform.

» Protégé- is a free and open ontology editort, this tool has high accessibility compared

with other ontology development tools. Protégé-OWL supports diverse plug-ins.

» The most useful plug-in for our project is OntovizTab which displays an ontology

with graphical views.

» The development of Protégé-OWL has been historically driven by biomedical
applications, the system is domain-independent and has been successfully adopted

for many other application areas as well.

Visual Design Elements and Principles Ontology

(VDEPO)

The specification phase determines why the ontology is being built, what its use will be, and
who its end users will be (Table 1). The goal is to produce either an informal, semiformal or
formal ontology specification document written in natural language, using a set of

intermediate representations or using competency questions, respectively.
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Table 1. Ontology Specification in the domain of visual design.

VDEPO Specification

Domain Visual Design

Date November, 15t 2022

Conceptualized-by Pablo Sanchez-Nufiez, Francisco E. Cabrera, Gustavo Vaccaro, and José Ignacio Peldez
Implemented-by Pablo Sanchez-Nufiez

An ontology about visual design is to be used when information about elements and principles is
required in computer vision, information systems, marketing, design theory, etc. This ontology
Purpose could be used e.g. image sentiment analysis, computational aesthetics and Al training systems,
visual literacy and fake news detection, and multimedia tagging using EEG signals and brain-
computer interface, among others.

Level of Formality Semi-formal

List of 7 elements and 5 principles of visual design: Color, Balance, Scale, Shape, Texture. .. List
Scope of object properties and data properties: Curvilinear shapes, Overlap, Shading, Asymmetrical...
At least information (annotations) about elements and principles.

Books, book chapters, articles, data papers, figures, tables and other ontologies. Knowledge is
Sources of Knowledge clucidated using conjunction techniques such as brainstorming, interviews with experts, formal
and informal analysis of texts, and knowledge acquisition tools.

The conceptualization phase determines the structure of the domain knowledge in a
conceptual model that describes the problem and its solution in terms of the domain
vocabulary. The VDEPs were identified by four experts in the areas: of graphic design and
visual communication, expert systems, and decision support systems. The experts were

charged with organizing, labelling, and classifying each visual design element and principle

(Table 2 and Table 3):
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Table 2. Taxonomy of Elements of Visual Design (EVD).

Object
Properties

Data
Properties*

SubProperty Of
(Data

Properties*)

Annotation Properties

References

ArcElementsOf

Colour is the result of light reflecting from an object to our eyes.
Colour can be vetified visually by measurement of its properties
such as hue, saturation, and brightness.

[170]-[172]

The line is an element of art defined by a point moving in space.
Lines can be vertical, horizontal, diagonal, or curved.

[173]

A point is a coordinate without any dimensions, without any area.
Points are the simplest element of visual design.

[174]

A shape is defined as a two-dimensional area that stands out from
the space next to or around it due to a defined or implied
boundary, or because of differences in value, colour, or texture.
Shapes can be geometric, organic, curvilinear, and rectilinear.

[175]

Texture refers to the physical and visual qualities of a surface.
There are different types of texture: tactile and visual.

[176], [177]

Space can be described as the distance around and/or the area
between design objects or elements. Space creates the visual
essence and dynamic of a composition. There are different
effects, marks and perspectives that affect space: overlap,
shading, Highlight, Transitional Light, Core of the Shadow,
Reflected Light, Cast Shadow, Linear perspective, and
atmospheric perspective.

[130]

The form is described as the way an artist arranges elements in
the entirety of a composition. There are two types of forms,
geometric (artificial) and natural (organic form).

[119], [178]
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Table 3. Taxonomy of Principles of Visual Design (PVD).

Object : Data . SubProPerty Of (Data Annotation Properties References
Properties Properties* | Properties*)
- N Unity is the use of similarity and repetition in elements to
N N create visual and conceptual connections and pull everything
together into a cohesive whole whereas harmony is the sense [179]
- - that everything fits together. There are different methods to
- - achieve unity/harmony: perspective, similarity, continuation,
_ R repetition, rhythm, and theme.
: : Graphic design balance is a principle referring to the
distribution of elements in a composition. Graphic design [90]
- - balance is symmetrical, asymmetrical, radial balance and
overall.
Hierarchy, dominance, or emphasis is a pattern in the visual
R } field wherein some elements tend to "stand out," or attract [180]
attention, more strongly than other elements, suggesting a
hierarchy of importance.
Scale is the size of one object concerning the other objects in
- - a design or artwork. Proportion refers to the size of the parts [181], [182]
of an object concerning other parts of the same object.
Filled / Empty
Space Near / Far
2-D /3-D
Left / Right
Isolated / Grouped
Position
Centred / Off-Center
Top / Bottom
Simple / Complex
Beauty / Ugly
Form
ArePrinciplesOf
Whole / Broken
Direction Stability / Movement
Similarity and contrast, connection, and separation, grouped
Organized / Chaotic and ungrouped are all ways to describe the varying sameness
and difference between elements. similarity and contrast are [130], [183]
Structure achieved through the conjugation of the following items: i
Mechanical / Hand- similar environments, and contrasts (space, position, form,
Drawn direction, structure, size, colour, texture, density, and gravity).
Large / Small
Size Deep / Shallow
Fat / Thin
Greyscale / Color
Black & White / Colour
Colour
Light / Dark
Fine / Coarse
Texture Smooth / Rough
Sharp / Dull
Transparent / Opaque
Density Thick / Thin
Liquid / Solid
Light / Heavy
Gravity
Stable / Unstable
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Formalization

The formalization phase converts the previous model into a formal or semi-computable

model. The Protégé tool is used in this step (Figure 22, Figure 23, Figure 24, and Figure 25).

Class hierarchy: owl:Thing (2] (0] = ] [¢]

G Asserted
v- @ EETT

¥ 0 Visual_Design_Elements_and_Principles_(VDEPY
¥ 'Elements_of_Visual_Design_{EVD)'
v Colour

Form
) "Geometric_({Artificial_form)'
@ 'Natural_({Organic_form)'
¥ Line
----- @ Curved
----- @ Diagonal
- Horizontal
----- @ Vertical
- Point
v Shape
----- ) Curvilinear_shapes
- () Geometric_shapes
----- ) Organic_shapes
----- () Rectilinear_Shapes
----- ' Rectilinear_shapes
v Space

- Hierarchy/Dominance/Emphasis
-~ Scale/Proportion

- (0 Similarity_and_Contrast

@ Contrasts

@ Similar_environments

¥ Unity/Harmony

@ 'Theme_{altering)_method"
@ Continuation_method

) Perspective_method

) Repetition_method

" Rhythm_method

= (0 Similarity_method

o
-

Figure 22. VDEPO Entities Tab (Classes) are shown in the Class Hierarchy (Ttee).
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Figure 23. VDEPO Entities Tab (Object Properties) are shown in the Object Property Hierarchy (Tree).
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Data property hierarchy: owl-topDataProperty [ [ = m B
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Figure 24. VDEPO Entities Tab (Data Properties) are shown in the Data Property Hierarchy (Tree).
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Implementation

The implementation phase converts the formalized model into a computable model using a

language for ontology construction. The Protégé tool is used in this step (Figure 5).

Figure 25. VDEPO using OntoGraph.
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The maintenance phase is responsible for updating and/or cotrecting the ontology, if
necessary. It is proposed to develop a testing scheme to ensure the ontological model's
operation. It is also proposed to keep a record of the items that are part of the test plan and
identify their compliance from the analysis of the behaviour of the ontology, schema
proposes a plan for improvement and implementation of corrections according to the results
obtained, taking advantage of the benefits provided by the METHONTOLOGY
methodology for the development of projects iterative according to the life cycle of the
ontology. In addition, the maintenance phase can involve the deletion of useless instances or
the incorporation of new instances that have been produced over time, to the tasks of
introducing changes in the content of the information, either by redefining attributes,
relationships, or even concepts. The Ontology IRI is available at the following link:

http://www.semanticweb.org/pablosancheznuiez/ontoloqies/2022/5/\VDEPO

Design elements and principles are widely applicable guidelines, laws, biases, and design
considerations which creators and researchers apply with discretion. Professionals from
many disciplines — e.g., behavioural science, sociology, physics, communication, fine arts,
and design — provided the foundation for design fundamentals via their accumulated
knowledge and experience. There are dozens of basic design principles and elements that
experts should consider when working on their projects. It is enough to make several
explorations in different search engines to recognise a recurring problem: how many
principles and elements do we find in the visual design? How many are there (there are ten,
there are thirteen, maybe eighteen)? This issue is not unique, as other questions arise as to
which of these design fundamentals should be included in one category or another, as well
as their respective order, membership, and hierarchy. VDEPO counts, orders and defines
these principles and elements of visual design, from the accumulated wisdom of the
consensus among researchers and practitioners in design and related fields. However, this
work is a starting point, since it does not end up with this issue, but it does represent a first
approximation to the categorization of these items. VDEPO can be reused since it is
developed based on general concepts commonly used in the domain. VDEPO is envisioned
as an ontology-based model open to future additions, extensions and updates of VDEPs, to

become a dynamic visual design items scheme.
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Different ontology-based models have focused on visual analysis, feature extraction and
visual product design. Some works are ontology-based evaluation and design of visual
conceptual modelling languages[184], visual analytics assisted thorough machine
learning[185], taxonomy generation tools for semantic visual analysis of a large corpus of
documents, web-based editor for visual ontology mapping[186], web-based editors for visual
ontology mapping [187], an ontology of computational technologies as tools for aesthetic
creation [150], ontology design in a visual stock information system[188], or ontology-based
approaches for activity recognition from video [189], among others. However, VDEPO is
the first ontology-based proposal that covers the definition, categorization and hierarchy of

aspects of visual design principles and elements through a formal model using a web ontology

language.

VDEPO could be used in numerous scientific domains, some are:

» Image Sentiment Analysis. Unlike existing methods that infer sentiment or
emotion directly from low-level visual features, VDEPO can complement new
methodologies and novel approaches based on understanding visual concepts that
are strongly related to sentiment. On the one hand, VDEPO could be integrated with
a large-scale Visual Sentiment Ontology (VSO) consisting of more than 3,000
adjective-noun pairs (ANP). On the other hand, VDEPO could work together with
SentiBank, a novel visual concept detection library that can be used to detect the

presence of 1,200 ANPs in an image [190].

» Computational Aesthetics and Al Training Systems. Computational aesthetics,
which bridges science and art, is emerging as a new interdisciplinary field. VDEPO
can contribute to computational aesthetic measurement and quantification,
generative art, and the creation of a common design automation framework [154].
VDEPO also may be used to improve the accuracy of Al image generators, such as
OpenAl's Al system DALL-E 2, which has learned the relationship between images
and the text used to describe them. DALL-E 2 can create original, realistic images
and art from a text description in natural language [191]. It can combine concepts,

attributes, and styles, and it uses a process called "diffusion," which starts with a
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pattern of random dots and gradually alters that pattern into an image when it
recognizes specific aspects of that image. Ideally, such systems should be able to
explain their evaluations, challenge humans with new ideas, and generate a new form

of communication that could be beyond the typical human imagination [192].

Visual Literacy and Fake News Detection. Visual literacy is about being aware of
how we experience images, video, and other forms of multimedia. Like text, images
can be used accurately, deliberately, misleadingly, or carelessly. Some images, like text,
can be interpreted in different, sometimes contradictory, ways. With the emergence
of fake news articles and "deep fake" videos on social media in recent years, it is more
necessary than ever to incorporate techniques in the classroom to teach students how
to evaluate images. To deal with this matter, VDEPO can contribute to helping

people to be visually literate to discern the veracity of visual news messages [193].

Multimedia tagging using EEG signals and brain-computer interface.
Affective characteristics of multimedia are important features for describing
multimedia content and can be presented by emotional tags [194]. VDEPO may help
to find novel hybrid approaches to annotate videos in valence and arousal spaces and
mix Visual Design FElements and Principles (VDEPs) by using users’
electroencephalogram (EEG) signals and video content [143], [195].
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Capitulo 8. Conclusiones y futuras lineas de

investigacion

Cienciometria y evaluacion de la ciencia

Los resultados derivados de los estudios realizados en el Capitulo 4 y 5 han permitido obtener
una radiografia del estado actual de la investigacion sobre mineria de opinion, analisis de
sentimiento y reconocimiento de emociones en publicidad, asi como un analisis detallado
sobre los trabajos de altamente citados entre la comunidad cientifica en las areas del

neuromarketing, la neurociencia del consumidor y la neuroestética.

Por una parte, la investigacion bibliométrica sobre analisis de sentimiento, minerfa de opinion
y comprensiéon de emociones en publicidad ha permitido determinar que los resultados
revelan que solo hay conectividad de patrones de citacion en los trabajos recientes en los que
ha habido una investigaciéon de las redes sociales y la mineria de textos para el sentimiento
de los consumidores, la extraccion de opiniones comparativas a partir de clientes para la
inteligencia competitiva, sistemas de clasificacion de hoteles en los motores de busqueda de
viajes mediante la minerfa de contenidos generados por los usuarios y generados por los
usuatios, entre otros. Las categorias/areas de investigacién mas representativas en la Web of
Science en materia de mineria de opiniones, analisis de sentimientos y comprension de
emociones en la publicidad son las siguientes: Ciencias de la Computacion (476 registros y
51,75% de 919 trabajos), Ingenierfa (236 registros y 25,68% de 919 trabajos) y Negocios
Economia (159 registros y 17,30% de 919 trabajos). Durante el primer subperiodo de estudio
(2010-2014) observamos el nacimiento de la interdisciplina objeto del estudio. El campo no
esta muy desarrollado en ese momento y todavia no hay tendencias emergentes ni grupos
tematicos representativos. Durante el segundo subperiodo (2015-2019) observamos un
rapido desarrollo de la investigacion en andlisis de sentimientos, reconocimiento de
emociones y minerfa de opinién en publicidad. Es el periodo en el que se produce la mayor
produccién cientifica, encontrando clusteres significativamente definidos y potentes,

divididos en cuadrantes. Centrando el estudio en los dos cuadrantes que consideramos
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fundamentales para el estudio y desarrollo de la disciplina: Los temas motores se centraron
en los estudios sobre Facebook como herramienta de marketing de destinos, la técnica de
seguimiento ocular para comprender los efectos de los tipos de divulgacion de la colocacion
de marcas en los programas de television, los estudios sobre el sentimiento de los
consumidores en un entorno de comunidad en linea, los estudios sobre el poder del boton
"me gusta" y el impacto en los medios sociales, andlisis de medios sociales en la extraccion y
visualizacién de valoraciones y resefias de TripAdvisor, evaluacién de la satisfaccion y las
expectativas de los consumidores a través de opiniones y resefias en linea, primera fijacién y
duraciéon total de la fijacion en la eleccion del consumidor, atencion visual hacia las
fotografias de turismo con el texto a través de un estudio de seguimiento ocular, atencién y
la memoria de las marcas en la publicidad exterior, efectos de los anuncios de banner
personalizados en la atencién visual y la memoria de reconocimiento, composiciéon del
contenido y posicion de la ranura en los anuncios de banner personalizados, y como influyen

en la atencion visual en los compradores en linea entre otros.

Los temas emergentes o en declive se centran en estudios de recuperacion de ropa para la
publicidad en video con un aprendizaje profundo, el marketing electrénico entrante mediante
la analitica de la experiencia de usuario visual y fonética basada en redes neuronales, la
curacion automatizada de imagenes de medios sociales relacionadas con la marca, estudios
de busqueda de atencién mediante un estudio de seguimiento ocular de la mercancia en la
tienda, de Airbnb en las ciudades, la prediccién de la intenciéon de compra en funcién del
sentimiento de los usuarios de las paginas de fans, estudios sobre redes neuronales
recurrentes para la clasificacion de textos cortos y sentimientos, novedosos marcos para la
deteccion de resefias de restaurantes no calificadas y, por ultimo, estudios sobre la aplicacion
y el analisis del alcance de la realidad aumentada en el marketing mediante la técnica de
procesamiento de imagenes y el reconocimiento de imagenes moviles escalables para la
anotacion de videos en tiempo real entre otros. Por otra parte, la investigacion de articulos
altamente citados ha permitido presentar la evolucion del neuromarketing, la neuroestética y
la neurociencia del consumidor durante la dltima década. A través del analisis de 50 HCP, se
han destacado los autores, instituciones, fuentes y paises mas notables, asi como los
documentos, referencias y fuerzas motrices o temas emergentes o en declive mas relevantes.

Los hallazgos mas relevantes son:

Lideres y centros de conocimiento (Autores, fuentes, afiliaciones y pafses mas relevantes):

Los 50 documentos H-Classics analizados estan publicados en un total de 36 fuentes
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diferentes. En total, se utilizan 3.727 referencias para ilustrar los documentos, lo que supone
una media de 74,54 referencias por articulo de H-Classics. La distribuciéon de H-Classics
consiste en publicaciones de 2010 a 2017, aunque el trabajo se lleva a cabo desde 2010 hasta
2019. 2011 es el afio mas productivo en H-Classics con un total de 12 HCP publicados. 2010
es el aflo con el mayor promedio de citas por afo, con siete H-Classics y un porcentaje de
115,14 citas/trabajo. Los autores mads relevantes y con mayor impacto son el cientifico y
profesor Chatterjee (cuatro articulos publicados y con un total de 438 citas) y el profesor
Nadal (también con cuatro articulos publicados y un total de 272 citas). Chatterjee es profesor
de neurologia en la Escuela de Medicina Perelman de la Universidad de Pensilvania (EE.
UU.). Su investigacion se centra en la cogniciéon espacial y su relaciéon con el lenguaje.
También realiza investigaciones sobre neuroestética y escribe sobre el uso ético de los
hallazgos de la neurociencia en la sociedad. Ademas, Chatterjee es el autor de mayores
referencias para los demds autores de H-Classics, apareciendo citado 54 veces, y es el autor
que, ademas de tener una de las trayectorias mas largas y consistentes en H-Classics durante
el periodo estudiado, ha tenido publicaciones de H-Classics casi todos los afos. Nadal es
profesor del Departamento de Psicologia de las Facultades de Educacion, Enfermeria y
Fisioterapia y Psicologia de la Universitat de les Illes Balears (Espafia). Nadal es miembro
permanente del Grupo de Investigacion en Evolucion y Cogniciéon Humana (EVOCOG).
Su investigacion se centra en la estética psicologica, la neuroestética y la evolucion de la
mente. La fuente mas relevante es el Journal of Consumer Psychology de Wiley (seis H-
Classics publicadas y un total de 739 citas). Editado por el Dr. Anirban Mukhopadhyay
(Hong Kong University of Science and Technology), The Journal of Consumer Psychology (JCP)
publica articulos de gran calidad que contribuyen tanto tedrica como empiricamente a la
comprension de la psicologia del comportamiento del consumidor. La Universidad de
Temple (EE. UU.) es la que ha tenido el mayor nimero de afiliaciones en trabajos de H-
Classics en neuromarketing y neuroestética (un total de 12 articulos). Es una institucién de
referencia en neurociencia y alberga el Center for Neural Decision Making Making, el
Cognitive Neuroscience Laboratory y el Temple University Neurocognition Laboratory. EE.
UU. también tiene la mayor frecuencia distribuida de publicaciones en H-Classics en
neuromarketing y neuroestética (Freq. 11), es el paifs de origen de las referencias que mas
autores han citado en sus bibliografias y es el pais que ha publicado en todas las 10 fuentes

mas relevantes y ha utilizado las 10 palabras clave mas frecuentes.
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Documentos mas relevantes (Documentos citados, referencias y fuentes mas relevantes del
listado de referencias): El HCP mas citado es "Neuromarketing: the hope and hype of neuroinaging
in business”, un estudio de investigacion sobre la aplicacién de los métodos de neuroimagen
al marketing de productos con 332 citas y un total de 30,18 citas por afio. Este trabajo es una
referencia para todos los comercializadores de productos, ya que se trata de un articulo de
revision dentro del campo de la neuroimagen y su aplicabilidad en el ambito del desarrollo
empresarial. La referencia mas citada es "Newral correlates of bebavioural preference for culturally
Sfamiliar drinks", un estudio de investigacién en el que los autores entregaron Coca-Cola y
Pepsi a sujetos humanos y examinaron su actitud y reacciones en pruebas de comportamiento
gustativo, asi como en experimentos pasivos llevados a cabo durante una resonancia
magnética funcional (fMRI) para entender como los mensajes culturales se combinan con el
contenido para moldear nuestras percepciones; incluso hasta el punto de modificar las
preferencias de comportamiento por una recompensa primaria como una bebida azucarada.
La fuente mas citada (de la lista de referencias) es Neuroimage de Elsevier (182 articulos
referenciados). Editada por el Dr. Michael Breakspear (The University of Sydney),
Neurolmage, a Journal of Brain Function, ofrece un vehiculo para comunicar los avances
importantes en el uso de la neuroimagen para estudiar las relaciones estructura-funcién y

cerebro-comportamiento.

Estructura conceptual (Temas motores y temas emergentes o en declive): Los resultados del
analisis de palabras conjuntas revelan como los temas motores de esta disciplina se centran
en las revisiones de la literatura sobre neurociencia del consumidor, neuroestética y
neuromarketing, la psicologia de la percepcion de las marcas y el papel de los investigadores
ala hora de aplicar la neurociencia al disefio de marcas. Se ha observado que existen estudios
motores centrados en experimentos relacionados con la apreciacion de la estética y el disefio
visual y de envases. Los resultados muestran que la investigacién sobre la percepcion de la
toma de decisiones mediante técnicas de neurociencia, asi como los trabajos para detectar el

engafo, son un tema recurrente y basico.

En este punto de la investigacion, surgen nuevas vias y posibilidades a la hora de explorar y
explotar la informacion cientifica. Utilizando métodos cuantitativos, serfa de gran interés
profundizar en el area informétrica de la patentometria, con el objetivo de conocer, mediante

la vigilancia tecnolégica, la propiedad intelectual e industrial registrada en esta area de
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conocimiento, para poder, de este modo, analizar las dltimas innovaciones desarrolladas en
el sector, estudiando su viabilidad comercial y entendiendo cémo estos resultados han sido
transferidos al sector productivo. Asimismo, resultarfa de gran interés trabajar en el disefio y
aplicacion de indicadores que permitan estudiar la actividad cientifica en la Web, que son la
base de la nueva disciplina de la Cibermetria (incluyendo webometria, altmetria y analisis de
uso). Los indicadores cibermétricos podrian usarse para la evaluaciéon de la ciencia y la
tecnologia y complementarfan los resultados obtenidos con métodos bibliométricos en los
distintos estudios efectuados. Por otra parte, serfa interesante profundizar en el estudio de la

apertura de la ciencia (Open Science) en este ambito de conocimiento.

EEG, actividad fisiologica y reconocimiento de patrones

Las pruebas piloto efectuadas en el estudio perteneciente al Capitulo 6 han demostrado que
los Principios y Elementos de Disefio Visual afectan a la actividad cerebral de diversas formas
distinguibles y que un clasificador de aprendizaje profundo puede inferir las propiedades
visuales de las VDEP de los videos a partir de la actividad del EEG. La disponibilidad del
conjunto de datos DEAP ha catalizado la investigaciéon sobre la prediccion de estados
afectivos humanos a partir de sefiales fisiologicas. Las investigaciones anteriores realizadas
con el conjunto de datos DEAP perseguian el reconocimiento de emociones a partir de los
registros de EEG mediante el uso de redes neuronales convolucionales 3D, la fusién de
representaciones multimodales aprendidas y algoritmos de trayectorias densas para el
reconocimiento y el andlisis emocional en videos, el estudio de un modelo de clasificacion de
valencia y excitacién basado en la memoria a largo plazo, los datos DEAP para la gestion de
la atencion sanitaria mental o el reconocimiento preciso de emociones basado en EEG sobre
caracteristicas combinadas utilizando redes neuronales convolucionales profundas, entre
otros. En contraste con esta literatura previa que buscaba principalmente predecir los niveles
de valencia y excitacion a partir de los EEG en el conjunto de datos DEAP, en el estudio se
ha intentado ir mas alld y se ha realizado un analisis piloto de los EEG y los videos para
extraer algunos de los VDEP mas importantes -Equilibrio, Color, Luz y Movimiento- y
buscar efectos medibles de estos en la actividad cerebral observable del EEG. Se han
encontrado que las variaciones en la luz/valor, el ritmo/movimiento y el equilibrio en las

secuencias de videos musicales producen un efecto estadisticamente significativo sobre la
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potencia absoluta media de las bandas EEG Delta, Theta, Alfa, Beta y Gamma. Ademas,
asimismo, se ha comprobado que una Red Neural Convolucional puede predecir con éxito
la VDEP de un fragmento de video unicamente por la sefial EEG del espectador, con una

precision superior al 79% para las VDEP que han sido consideradas en este piloto.

En lineas futuras de investigacion serfa interesante investigar las relaciones entre la actividad
fisiolgica humana, la emocion y la atencion, y los elementos del disefio visual para modelar
y predecir como la presentacion visual de los estimulos afecta al rendimiento cognitivo y
emocional. El objetivo final es poder predecir, para sujetos individuales, como diferentes
presentaciones de estimulos visuales afectaran a sus niveles de atencion, valencia y excitacion,
y a su actividad fisiologica, llevando a cabo una investigacion fundamentalmente
multidisciplinar que tienda un puente entre los dominios del disefio visual, el aprendizaje
automatico y la actividad fisiolégica humana. Esto permitira explicar y predecir, a nivel
individual, cémo la percepcion visual humana depende de la forma en que se presentan las
imagenes, y como esta presentaciéon de imagenes da lugar a cambios en el estado fisiologico
del individuo. A través del analisis del procesamiento de sefiales fisiologicas, aprendizaje

automatico v la inclusion de los elementos v principios de disefio visual, se espera:
y y )

1) Estimar las caracteristicas visuales de las imagenes a partir de la actividad cerebral
(electroencefalograma, EEG).

2) Predecir los proximos cambios en la actividad del EEG debido a la presentacion de
imagenes visuales.

3) Disefiar automaticamente visualizaciones que mejoren el nivel de atenciéon y
compromiso de un usuario en funcién de su actividad cerebral previa y su nivel de
respuesta emocional.

4) Entrenar y validar clasificadores de aprendizaje automatico de VDEP a partir de la
actividad cerebral.

5) Desarrollar enfoques de aprendizaje profundo que predigan el cambio en la atencion,
la valencia y excitacién de un individuo utilizando informacién sobre la actividad
EEG actual y los estimulos visuales.

6) Crear modelos generativos para decidir un uso 6ptimo de VDEP en imagenes para
promover una respuesta cognitiva y emocional deseada utilizando informacién sobre

su actividad cerebral y los niveles actuales de compromiso emocional y cognitivo.
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7) Validar los métodos de analisis desarrollados en una variedad de datos fisiologicos

disponibles publicamente y recién adquiridos (como SEED dataset o BCI datasel), que
incluyen la actividad EEG de una variedad de individuos que ven clips de video

cortos en diversas condiciones.

A través de estas investigaciones se espera que en un futuro estos estudios arrojen luz sobre

las relaciones entre las ciencias neuronales y cognitivas y el disefio visual, con el objetivo de

optimizar el rendimiento cognitivo de los decisores cuando se les presenta informacion

visual.

Nuevos algoritmos avanzados de procesamiento de sefiales y aprendizaje automatico, junto

con el conocimiento de los principios de disefio visual y la actividad fisioldgica, se espera que

revelen las relaciones entre la forma en que se presentan los patrones visuales y las respuestas

fisiolbgicas, a nivel individual.

Ademas, en futuros estudios se planteara trabajar las siguientes hipotesis:

H1. Es posible extraer patrones fisioldgicos relacionados con la presentacion de
VDEP, y predecir el VDEP utilizado en las imagenes a partir de la actividad
fisiologica. Explorar mas estos patrones.

H2. Es posible predecir el probable cambio en el nivel de atencién, excitacion y
valencia de un individuo a partir de su actividad fisiologica subyacente previamente
conocida y de una préxima secuencia de video. Muchos trabajos en DEAP han
predicho la excitacion y la valencia a partir del EEG, por lo que el predecir este
deberia ser bastante factible.

H3. Es posible modificar la forma en que se presenta la informacion visualmente a
los individuos en funcién de su estado fisiolégico subyacente y su nivel de excitacion,
atencion y valencia, de forma que se promueva una respuesta cognitiva y emocional

deseada.
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Analisis de sentimiento, computacidon estética vy

generacion de imagenes mediante inteligencia artificial

La investigacion desarrollada en el Capitulo 7 presenta una novedosa Ontologia de
Elementos y Principios de Disefio Visual (VDEPO) que permite la gestién del conocimiento
(estructuracion, categorizacion y jerarquizacion) de la informacion relacionada con el disefio,
el reconocimiento, el etiquetado, el filtrado y la clasificacion de VDEPs para su uso en los
diferentes sistemas de informacién, sistemas expertos y sistemas de apoyo a la decision,
asimismo, la ontologia permite gestionar el conocimiento relativo a una imagen, describir los
parametros para su disefio y construccion, mejorar los criterios de andlisis y clasificacion de
en el ambito computacional, ademas de disponer de un marco para el analisis de sentimiento

basado en el contenido visual.

LLa comprension de las relaciones semanticas entre entidades de diferentes ontologfas es una
tarea cognitivamente dificil. Para alinear las ontologias de dominio se requiere que un
desarrollador de ontologias o un usuario final defina el mapeo entre las ontologfas, ya sea
manualmente o mediante el uso de una herramienta semiautomatizada. Las investigaciones
futuras también podrian centrarse en ampliar y especializar la VDEPO propuesta para
considerar sus aplicaciones en el aprendizaje automatico. Disponer de VDEPO permite
establecer los primeros pasos para la creacion de un sistema que organice este conocimiento
y puede permitir la construcciéon de la arquitectura de modelos de aprendizaje automatico
enfocados y personalizados a VDEPs especificos, lo que mejorarfa la precisiéon y reduciria
las pérdidas, en lugar de trabajar con redes neuronales genéricas. Desarrollar algoritmos
basados en el aprendizaje automatico y el procesamiento de sefales biomédicas que se basen
en el conocimiento del disefio visual para predecir el despliegue 6ptimo de elementos visuales
que puedan inducir una respuesta cognitiva y emocional deseada. Esto permitiria, entre otras
cosas (1) entrenar y validar clasificadores de aprendizaje automatico utilizando VDEPO, y
(2) desarrollar enfoques de aprendizaje profundo que predigan el cambio en la atencioén, la
valencia y la excitacién de un individuo utilizando informacién sobre la actividad EEG actual

y los estimulos visuales (VDEPO), (3) crear modelos generativos a partir del uso de VDEPO
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para decidir un uso 6ptimo de VDEP en imagenes para promover una respuesta cognitiva y
emocional deseada, utilizando informacién sobre la actividad cerebral humana y los niveles
actuales de compromiso emocional y cognitivo y (4) validar varios métodos en una variedad

de datos fisioldgicos disponibles publicamente y recién adquiridos utilizando VDEPO.
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Appendix A. Abstract (English Summary)

Abstract

Traditionally, products or services (hereinafter producser) were unique, and companies had
control over them. This fact had very important implications in the development of
advertising communication campaigns since the consumer had no alternative to the
producser being advertised. In other words, the company possessed in this case a kind of
monopoly concerning the advertised producser. For example, we can look back in the history
of advertising communication to the beginnings of the Spanish brand and product Cola Cao
of Idilia Foods; its appearance in the 1940s was a great success, as it was a novel and unique
product in the market. Over the years, the market has changed radically, and where once
there was a producser for a niche market, today there are many producsers, with similar
characteristics, which, in many cases, the consumer is unable to differentiate.

At the same time, the emergence of the Internet and the impact of Information and
Communication Technologies (ICT) on society has brought about a real transformation in
the way people consume, communicate, relate and interact with their environment. Our way
of thinking, feeling, and even the way we buy and communicate with brands has been
completely altered. The communication industry has seen a before and after of the 2.0
generation and our immersion in the social media ecosystem. The development and
innovation in communication processes have allowed today's users to have all kinds of tools,
media and channels to show their attitudes, opinions, feelings and points of view about any
experience, product or service. Moreover, over the last decade, this revolution in
communication processes has been accentuated by the relative speed and velocity of data
uploading and transmission, the democratization of ICT use and universal access to the
Internet. These facts have induced a series of changes in digital social communication on the
part of users, who have gradually adapted to this new social reality of communication in
various digital environments. In this sense, textual communication has been affected and
surpassed by visual communication. According to different studies, 93% of the decisions
made by users at the time of purchase are concentrated on a visual motif, while 52% of
visitors to an online store recognize that they will not enter again in one that disappoints
them in visual terms. Therefore, choosing a good image to carry out an advertising campaign
is essential to gain followers, build user loyalty or improve the positioning of the brand
against its competitors. These two facts, the wide range of products with little or no
differentiation between them, together with the emergence of the Internet and the massive
development and incorporation of ICTs in society, have meant that communication
campaigns have necessarily become "intelligent" and appeal more and more to consumers'
emotions. For example, we find one of the best-known advertisements of the BMW
automobile brand, where the slogan "Do you like driving?" is repeated (and at no time is the
advertised vehicle shown); or the Mazda automobile brand; where in their advertisements
they express themselves as follows: "At Mazda, we don't just offer performance, we
manufacture emotions". In both examples, the communication is aimed at generating
emotions in consumers, to create memories that last over time and remain in the consumet's
mind.

These two examples are not unique, currently, there is a great diversity of ads that appeal
directly to emotions, they manage, according to various analyses, from a neurological point
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of view, to stay in the long-term memory (i.e., the one that matters, the one that creates
memories). They also connect to the point of purchase decision. Every time a consumer
purchases a product, he or she does so in a subjective way. It is not, therefore, a decision
made by our rational or conscious brain, so reaching the emotional part of the brain with the
message is especially important. It is at this point where advertising communication is
undergoing an abrupt change, being necessary to change the methods, techniques and
processes of advertising communication to attract the consumer. To meet this challenge, it
is necessary to have methods, techniques and tools that allow us to analyze and measure the
emotional impact of advertising campaigns on their target audience. In addition, it is
necessary to provide communication teams with instruments for the design and development
of communication campaigns that incorporate emotion in their design. However, to achieve
this goal, the first step is to understand how visual design affects consumer perception and
behaviour at an emotional level. The objective of this research work is to analyze how the
elements and principles of visual design affect the brain activity of consumers; as well as the
reordering of those principles and elements in a formal way through a hierarchical structure
so that they can be used in the design processes of campaigns and communication strategies
through computational intelligence and consumer neuroscience techniques.
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Appendix B. Introduction (English Summary)

Variety and differentiation of products and services

Traditionally, products or services were unique, and companies owned the control of those
products or services (hereinafter producer). This fact had very important implications in the
development of advertising communication campaigns since the consumer had no
alternative to the producser being advertised. In other words, the company had a kind of
monopoly on the producser.

For example, we can delve into the history of the beginnings of the Spanish brand and
product Cola-Cao; its appearance in the 1940s was a great success, as it was a novel product
and also unique in the market. This fact is not unique, and we can find it reflected in the
purchasing behaviour of the Spanish population, with examples of product-brand association
such as: "I am going to have a Danone", when the person wanted to have a yoghurt or shake,
or "I am going to have a Puleva" when the person wanted to have a milkshake.

However, over time, competitors appeared, as well as other brands with products or services
with similar characteristics, or, in other words, with specific products for that market niche.
An example is an appearance in the 1950s and 1960s of a direct competitor of Cola-Cao; the
American brand and product Nesquik, among many others... Over the years, the market has
changed radically, and where once there was one producer for a niche market, there is now
a multitude of producsers with similar characteristics, which, in many cases, consumers are
unable to differentiate. Producer differentiation can be based mainly on various attributes
such as product communication campaigns, quality, colour, size, after-sales service,
specialized attention, location, brand recognition or luxury. Thus, any attribute that makes a
good or service perceived differently is considered product differentiation.

It is at this point where communication and therefore the marketing universe have
undergone and are undergoing a disruptive change, thus making it necessary to change
communication methods, techniques and processes to attract potential consumers.

Nowadays, the importance of the producser lies in the so-called intangible characteristics.
An example is a company El Corte Inglés (a worldwide distribution group based in Spain).
If we were to ask anyone what this company sells that cannot be found elsewhere, the answer
would be simple, what it sells can be found elsewhere, so why are consumers attracted to it?
The answer is that it sells an intangible value directly related to emotions: "It sells
satisfaction". ‘This fact is not unique, for example, in the BMW ad that popularized the
slogan "Do you like driving?", at no time is the vehicle shown, and what the campaign appeals
directly to is the feeling of driving pleasure; this fact is easily transferable to another
automobile brand such as Mazda, with the slogan that reads: "At Mazda we not only offer
performance, we manufacture emotions". For many companies, producser differentiation is
necessary for their survival. Producers that do not have a differentiation strategy in place risk
getting lost in the sea of similar products and inevitably fail to maintain their place in the
market. To this fact that there is a great variety of producser for the same market niche, it
must be added that the model of society has been transformed, motivated by new
technologies, evolving into the so-called information society, and the ways of acquiring the
different producser on offer have changed.
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Multichannel marketing: new channels and sales models

Multichannel marketing refers to the practice in which companies interact with customers
through multiple channels, both direct and indirect, to sell to them, producser. Companies
use direct channels, those in which the company proactively reaches the customer - such as
physical stores, catalogues, and direct mail - or indirect channels, in which they push content
through websites or social networks, also known as inbound marketing. Multichannel
marketing is since customers have more options than ever to inform themselves about
producsers.

Multichannel marketing combines many distributions and promotional channels into a single
unified strategy to attract customers. This approach efficiently and effectively communicates
the value of producser using the strengths of specific marketing channels. These channels
include but are not limited to, email, direct mail, websites, social media, banner ads and retail
stores. Marketers can use multiple distribution channels to enable customers to purchase
products in the way they prefer; for example, a company can sell products at a specific retailer
and maintain its online store.

Information society: new forms of communication and
the informed consumer

Communicating: new ways

The emergence of the Internet and the impact of ICT's on society has brought about a real
transformation in the way people communicate, relate and interact with their environment.
Our way of thinking, feeling, and even the way we shop and communicate with brands has
been completely altered.

The evolution of communication has seen a before and after the 2.0 generation and our
immersion in what we commonly refer to as the digital ecosystem. The development and
innovation in communicative processes have allowed today's users to have all kinds of tools,
media and channels to show their attitudes, opinions, feelings and points of view about any
experience, product or service. Moreover, over the last decade, this revolution in
communication processes has been accentuated by the relative speed and velocity of data
uploading and transmission, the democratization of the use of ICTs and universal access to
the Internet.

According to IBM, 2.5 quintillion bytes of data are created every day. Research scientist
Andrew McAfee and Professor Erik Brynjolfsson of the Massachusetts Institute of
Technology (MIT) note that "more data crosses the Internet every second than was stored
on the entire network just 20 years ago". As the world becomes more and more connected
with an increasing number of electronic devices, the volume of data will continue to grow
exponentially. The study, entitled "Data Age 2025: The Evolution of Data to Life-Critical",
conducted by the consulting firm International Data Corporation (IDC) and sponsored by
the US hard drive manufacturer Seagate, predicts that by 2025 data generation will total 163
zettabytes (ZB), resulting in a 10-fold increase in global data volume. These facts have
induced a series of changes in digital social communication on the part of users, which has
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gradually adapted to this new social reality of communication in various digital environments.
In this sense, textual communication has been affected by the inclusion of visual content
through online messaging, with the appearance of new forms of visual communication such
as the use of emoticons, GIFs, memes, or stickers. According to several studies, this new
communicative reality has allowed digital users to relate, express themselves and share more
efficiently and effectively.

The Consumer of the 21st Century: The Informed Consumer

Most experts agree that customers are a company's greatest asset. The information society
has revolutionized the way we discover, compare, purchase and consume products and
services. Today, consumers can obtain information from a multitude of channels and, at the
same time, interact with companies and other consumers about products or services. In this
new era, where the volume of information is growing exponentially day by day,
communication channels are varied, and consumers can access a multitude of information
and at the same time make their judgments or comments about products or services. The
emotional component plays a crucial role in the whole purchasing process. According to
some studies, a product or service that appeals directly to the consumer's feelings and
emotions can sell up to 23% more. Therefore, knowing in advance how a consumer is likely
to respond is a competitive advantage.

In this new scenario, where the consumer experiences bidirectional communication, multiple
communication channels with large volumes of information that are issued in many cases in
real-time, have made the emotional component in the purchasing process acquire greater
importance. Therefore, it is becoming increasingly necessary to carry out research in these
areas to design new methods and techniques of communication with and for the consumer,
which are integrated into this new reality.

Online Reputation Indexes-ORIs

Research institutes, organizations, and corporations around the world, aware of the need to
analyze, evaluate and diagnose communication campaigns and different marketing strategies,
have developed online reputation indexes (ORIs) capable of quantifying users' relationships
with the various entities under study.

The first ORIs made use of consumer ratings, which expressed their opinion using a Likert
scale (stars or likes), subsequently calculating an average value with the ratings. Subsequently,
these ratings incorporated textual ratings, and utilizing natural language analysis and opinion
mining techniques, the sentiment associated with these ratings was extracted. The way
consumers express themselves is constantly evolving, and in this evolution, the image has
emerged. This fact is causing textual information to be complemented and, in many cases,
eclipsed by the inclusion of visual content, through new graphic communicative forms.

Visual communication and emotional marketing
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Knowing and understanding emotions is fundamental. According to several studies, the way
to secure, consolidate and build consumer loyalty is achieved through an emotional
connection with them:

"Human beings seek and experience emotions in consumer situations".

R.Bagozzi, M. Gopinath and P. Nyer in the paper "The Role of Emotions in Marketing"
[48]published in the Journal of the Academy of Marketing (1999), describe emotions:

"As a mental state of arousal arising from cognitive evaluations of situations
(..) coupled with physiological processes, are often expressed physically and
may result in specific actions to publicly manifest or cope with the emotion,
depending on its nature and significance to the person involved".

There are different emotional levels in purchasing behaviour, from the moment the
consumer receives the information until he/she communicates it. In this intermediate
process, where emotion is generated, three levels of emotion can be distinguished: Behavioral
Level, Physiological Level and Verbal/Subjective Level.

Nowadays, there is a great diversity of advertisements that appeal directly to emotions,
managing, according to several analyses, from a neurological point of view, to remain in the
long-term memory (that is, the one that stores memories for a long-lasting period). Every
time a consumer purchases a product, it is mainly in a subjective way. In most cases it is not
a decision made by our rational or conscious brain, so reaching the emotional part of the
brain with the message is especially important. Emotions are the engine that moves society,
the ones that humanize the human being. The study of emotions is not a recent
phenomenon, as it began thousands of years ago in Ancient Greece with "the Aristotelian
theory of emotions". As eatly as 1872, the naturalist Charles Darwin wrote "The Expression
of the Emotions in Man and Animals", a book in which he narrated that facial expressions
and gestures influenced the evolution of species. Later, in 1980, Professor Robert Plutchik
showed his theory of the wheel of emotions, formed by eight basic emotions. For Plutchik,
this resembled Goethe's Theory of Colors where the primary colours are intermingled; the
same happened with the basic emotions, which combined to create a range of feelings. In
1990, the American psychologist Paul Ekman, after years of research and study, extended
the set of emotions into a total of 17 recognized emotions: relief, embarrassment,
complacency or contentment, guilt, amusement, contempt or disdain, enthusiasm or
excitement, happiness, anger or rage, fear or dread, sadness, pride or haughtiness, sensory
pleasure, disgust, revulsion, disgust or repulsion, satisfaction, surprise, and shame. Recently,
in 2017, various researchers expanded Ekman's selection of recognized emotions by a total
of 27.

For those responsible for advertising management, it is very valuable to know what kind of
stimuli can influence people's emotions and behaviour. Some of the strategies followed by
visual creators and designers to better connect with consumers, trying to appeal directly to
their feelings, is through the creation of stories, which serve to convey values and achieve a
strong empathy and identification between customer and brand. In addition, several studies
suggest that, in the social media universe, 35% of retweets have an image and Facebook
images get 53% more "likes", 104% more comments and 84% more clicks. Statistics indicate
that 93% of the decisions users make when shopping is focused on a visual motif, while 52%
of visitors to an online store admit that they will not re-enter one that disappoints them in
terms of visuals. Therefore, choosing an optimal image to carry out an advertising campaign
is essential to gain followers, build consumer loyalty, and create a brand image, among others.
To meet this challenge, it is necessary to have methods, techniques and tools to analyze and
measure the emotional impact of advertising campaigns on their target audience. In addition,
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communication teams must be provided with tools for the design and development of
communication campaigns.

Likewise, analyzing the sentiment and understanding the emotions underlying a series of
textual and visual information is essential when identifying, measuring, and extracting
subjective information from existing content (emotions, behaviours, attitudes and opinions)
expressed in online mentions in digital ecosystems (social networks, forums, websites, etc.)

Visual Design Elements and Principles

The boundaries between information processed by the human brain and by machines are
becoming increasingly blurred. Recent advances in brain-computer interface (BCI) are
enabling new forms of interaction between humans and machines. At the same time, interest
is growing in the area of emotion recognition, which allows computers to learn to recognize
the emotional reactions of humans. Likewise, the study of physiological signals offers an
avenue for assessing the quality of experience of modern communication systems. These
emerging trends have the potential to revolutionize the way humans and machines interact,
but a crucial and sometimes overlooked element of this interaction is the way information is
visually displayed to human operators. This is important because of the increasing amount
of time humans spend in front of screens. The information must be presented visually in a
way that holds the attention of the human agent and promotes the desired emotional and
cognitive response in them.

The principles and design elements of visual communication are crucial to achieving the
optimal presentation of visual stimuli. These principles seek to create visually appealing
content to communicate specific messages and persuade in a way that facilitates
understanding of the message and ensures a lasting impression on its recipient. This goal is
achieved through the conscious manipulation of the inherent elements and principles, such
as shape, texture, directional harmony and colour that make up the designed product. Despite
previous research in the fields of graphic design and psychology, with application in fields
such as visual arts, branding, and product management, it is not yet fully understood how
the elements and principles of visual design (VDEP) infer and impact human brain activity.

Film director Wes Anderson has developed a distinctive aesthetic compositional style that is
easily recognizable by his use of striking colour palettes. Wes Anderson has become one of
today's most recognizable filmmakers for two reasons: the aesthetics of his works and his
storytelling. All the elements and principles of visual design have meaning and significance
in the various scenes of his filmography. For example, the elaboration of his colour palettes,
has fundamental importance, not only from the point of view of contemplation and aesthetic
pleasure, but to create and recreate an atmosphere; Anderson uses them on many occasions
to mark times or changes in the story.
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Appendix C. General and specific objectives

(English Summary)

General and specific objectives

This doctoral thesis is the continuation of a line of research developed over the last few years
by the Aula de Mecenazgo para la Innovacion de Métricas y Gestion de Intangibles and the
Centro de Investigacion Social Aplicada at the Universidad de Malaga, where several studies
have been carried out to model consumer buying processes through computational
intelligence techniques.

In the first studies, research focused on the opinion expressed by decision-makers through
questions, or what we call solicited information. In this field, indexes have been provided to
measure the consistency of the judgments made by the decision-makers, group decision-
making methods have been proposed, as well as new ways of representing information
through interval mathematics. In the second phase of this line of research, the modelling of
implicit information that the decision maker uses in the decision process and does not
express explicitly has been addressed. In addition, we have worked with unsolicited
information, which consumers or decision-makers express freely, for example, in social
networks, integrating both solicited and unsolicited information together with implicit
information.

Society is changing rapidly, driven by advances in research and the development of
technology and communications. This aspect has led to the fact that consumers can be
permanently informed, in any location and through different channels of any product;
express their opinion about them, and often using only elements of visual communication,
such as animations (GIF), pictograms (emojis), stickers or other forms of expression of
graphic character, where the image predominates over text.

It is at this point, that the present research study arises; trying to analyze, understand and
model how images affect the behaviour of users/consumers and how the decision and/or
purchase processes may be affected, to use neural stimuli and analysis of brain activity to
estimate the criteria and purchase weights of the consumer.

Therefore, the objective of this research work is to analyze the impact on emotions through
visual design elements and principles of images/video.

The development of this study can contribute to the improvement in the optimization and
implementation of communication campaigns, to the analysis of sentiment and emotion
recognition to make better decisions in real-time allowing the development of better
communication strategies, increasing user/consumer satisfaction through the improvement
in the compression and analysis of opinion, facilitate the creation of models for the design
of campaigns with a higher level of virality, the improvement of systems for the generation
of images through artificial intelligence as well as create support systems for business decision
making, among others.
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The proposed research has the following specific objectives (SO):

>

>

SO1. To make a scientometric study on sentiment analysis in images, opinion mining
and emotion recognition in advertising, as well as an approach to the field of
consumer neuroscience, neuromarketing and neuroaesthetics.

SO2. Analyze the impact of visual design principles and elements on emotions,
through neural analysis (encephalograms) of subjects exposed to observations and
use Big Data (in this case, Deep Learning) to determine the changes in brain activity
generated by the viewing of a particular frame in users/consumers, by modelling the
dynamic behaviour of brain activity across temporal and spatial scales (merging
connectivity structure and brain function taking into account spatial and
physiological constraints) and characterizing the topology of brain networks with
different types of connections and sources of activity.

SO3. Design the foundations for implementing an advertising design support system
using computational intelligence and electroencephalogram (EEG) techniques and
creation of an ontology on the principles and elements of visual design so that it can
be implemented in various decision support systems, as well as for the generation
and labelling of image datasets used in branches such as computational intelligence
or neuroscience.
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Appendix D. Materials and Methods (English

Summary)

Scientometrics and Research Evaluation

Scientometrics deals with the quantitative features and characteristics of science and scientific
research. Like any method of quantification, scientometrics uses different scales to evaluate
the functionality of the analyzed science, as well as to investigate the development of research
policies applied by different countries and organizations that practice it, both in the social
and natural sciences.

In scientometrics, the scientific literature itself becomes the object of analysis and in a sense,
it could be considered a science of science. Scientometrics researchers often attempt to
measure the evolution of a scientific field, the impact of scholarly publications, patterns of
authorship, and the process of scientific knowledge production. Using scientometrics, for
example, we can study the production and impact of communication departments in Nordic
countries or the evaluation of marketing program research using Google Scholar data, among
others. Scientometrics usually involves the monitoring of research, the evaluation of the
scientific contribution of specific authors, journals, or papers, as well as the analysis of the
process of dissemination of scientific knowledge. Researchers in these approaches have
developed methodological principles on ways to collect information produced by
researchers' communication activity, and have used specific methods such as citation analysis,
social network analysis, co-word analysis, and content analysis, as well as text mining to
achieve these goals. Many bibliometric studies focus on authorship or measure the
contribution of journals and research organizations but may also involve content analysis of
words in titles, abstracts, the full text of books, journal articles or conference proceedings,
or keywords assigned to published articles.

Applying scientometrics in a specific field of knowledge can allow to deepen the research
and development of scientific fields, improve the formulation of scientific evaluation,
research, and funding policies, establish R&D&I agreements, and create synergies between
authors, countries, and institutions. In addition, it allows knowing what, who, how, when,
and why a research field is promoted and developed, among others. In this specific case,
utilizing the two methodological approaches proposed (bibliometric analysis and study of
citation classics), the aim is to x-ray the current state of research in the aforementioned areas
to understand the research niches and potential lines of development, as well as to learn
about the latest findings in the aforementioned areas.
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Analysis of human brain activity and visual design

elements and principles

The second part of the research focuses on the study of the elements and principles of visual
design and their effect on human brain activity. For this purpose, we first propose the use of
an open data set (dataset) of image analysis and human brain activity using the
encephalogram (EEG) technique. EEG is a painless, noninvasive, low-cost scan, widely used
in clinical practice for the detection and monitoring of epilepsy, as well as in consumer
behaviour studies, neuromarketing and neuroaesthetics.

It is proposed to study how 4 of the fundamental visual design elements and principles when
designing any audiovisual content: balance, colour, light, and symmetry affect human brain
activity. First, it is proposed to reorder the EEG channels of the open dataset, the
performance of filtering and the manual selection of the design principles and elements on
each frame of the audiovisual content used in the EEG study.

Secondly, it is proposed to perform statistical analysis on the bands and channels of the EEG
spectrum to study the effect of the visual design principles and elements on the mean energy
expressed in these bands and channels.

Finally, the use of a deep learning computational intelligence model is proposed to predict
variations in human behaviour (brain activity) upon exposure to various visual design
elements and principles from their electrical signal. Deep learning is a type of machine
learning and artificial intelligence (AI) that mimics the way humans acquire certain types of
knowledge. Deep learning is an important element of data science, which includes statistics
and predictive modelling.

Metadata, semantics, and ontologies

There are dozens of principles and elements used in communication and design. One of the
main problems in accessing, interpreting, and using these principles and elements is that,
unfortunately, there is currently no consensus among the community of researchers,
designers, thinkers, and form theorists on the exact number of principles and elements, their
nature, and their respective membership, since there is no hierarchy or organization of these.
For this reason, it would be very useful to translate these principles and elements into a
formal structure of types, properties, and relations; and to organize this knowledge exists in
the form of ontologies.

In informatics and computer science, an ontology encompasses a representation, formal
naming and definition of the categories, properties and relationships between concepts, data
and entities that underlie one, several or all domains of discourse. More simply, ontology is
a way of showing the properties of a subject area and how they are related by defining a set
of concepts and categories that represent the subject.

Currently, one of the most important components of computational intelligence systems
used in areas such as advertising and marketing is the massive datasets of advertising
communication images and videos needed to train them. Having a defined and uniform
structure would facilitate the processing and subsequent analysis of these contents. It would
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not only optimize the processing but would also make the information contained in these
images more valuable and richer.

The third part of the research focuses on ontology engineering. Having a specific ontology
of principles and elements of visual design would facilitate the labelling of large volumes of
images, and these once labelled could be used for the creation of automatic classification
models that would allow, for example: to analyze the preferences that are freely expressed in
digital ecosystems along with what users visualize in audiovisual content, advanced biometric
studies on visual stimuli for advertising research, military, artistic works, analysis of
propaganda and political communication, among others. This fact, in addition, would allow
making available to students and researchers, data sets of an advertising nature and these
could be used for academic or educational purposes in areas such as design studies,
journalism, audiovisual communication, advertising and public relations, marketing and
market research or computer engineering, among others.
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Appendix E. Conclusions and future research

lines

Scientometrics and Research Evaluation

The results derived from the studies conducted in Chapters 4 and 5 have allowed us to obtain
an x-ray of the current state of research on opinion mining, sentiment analysis and emotion
recognition in advertising, as well as a detailed analysis of the highly cited works among the
scientific community in the areas of neuromarketing, consumer neuroscience and
neuroaesthetics.

On the one hand, bibliometric research on sentiment analysis, opinion mining and
understanding of emotions in advertising has determined that the results reveal that there is
only citation pattern connectivity in recent works where there has been researching on social
media and text mining for consumer sentiment, comparative opinion mining from customers
for competitive intelligence, hotel ranking systems in travel search engines by mining user-
generated and wuser-generated content, among others. The most representative
categories/research areas in the Web of Science in opinion mining, sentiment analysis and
emotion understanding in advertising are as follows: Computer Science (476 records and
51.75% of 919 papers), Engineering (236 records and 25.68% of 919 papers) and Business
Economics (159 records and 17.30% of 919 papers). During the first subperiod of study
(2010-2014), we observed the birth of the inter-discipline under study. The field is not very
developed at that time and there are still no emerging trends or representative thematic
groups. During the second subperiod (2015-2019) we observe rapid development of research
in sentiment analysis, emotion recognition and opinion mining in advertising. This is the
period in which the highest scientific production occurs, finding significantly defined and
powerful clusters, divided into quadrants. Focusing the study on the two quadrants that we
consider fundamental for the study and development of the discipline: The driving themes
focused on studies on Facebook as a destination marketing tool, the eye-tracking technique
to understand the effects of brand placement disclosure types in television programs, studies
on consumer sentiment in an online community environment, studies on the power of the
"like" button and the impact on social media, social media analysis in the extraction and
visualization of TripAdvisor ratings and reviews, assessment of consumer satisfaction and
expectations through online opinions and reviews, first fixation and total fixation duration
in consumer choice, visual attention towards tourism photographs with text through an eye-
tracking study, attention and brand memory in outdoor advertising, effects of personalized
banner ads on visual attention and recognition memory, content composition and slot
position in personalized banner ads, and how they influence visual attention in online
shoppers among others.

Emerging or declining topics focus on apparel retrieval studies for video advertising with
deep learning, inbound e-marketing using neural network-based visual and phonetic user
experience analytics, automated curation of brand-related social media images, attention-
seeking studies using an eye-tracking study of in-store merchandise, Airbnb in cities,
prediction of purchase intent based on fan page user sentiment, studies on recurrent neural
networks for short text and sentiment classification, novel frameworks for detection of
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unrated restaurant reviews, and finally studies on the application and scope analysis of
augmented reality in marketing using image processing technique and scalable mobile image
recognition for real-time video annotation among others. On the other hand, the research of
highly cited articles has allowed presenting the evolution of neuromarketing, neuroaesthetics
and consumer neuroscience during the last decade. Through the analysis of 50 HCPs, the
most notable authors, institutions, sources, and countries have been highlighted, as well as
the most relevant papers, references and driving forces of emerging or declining topics. The
most relevant findings are:

1.

Leaders and centres of knowledge (Authors, sources, affiliations, and most relevant
countries): The 50 H-Classics papers analyzed are published in a total of 36 different
sources. In total, 3,727 references are used to illustrate the papers, which is an average
of 74.54 references per H-Classics paper. The distribution of H-Classics consists of
publications from 2010 to 2017 although the work runs from 2010 to 2019. 2011 is
the most productive year in H-Classics with a total of 12 HCPs published. 2010 is
the year with the highest average number of citations per year with seven H-Classics
and a percentage of 115.14 citations/paper. The most relevant authors with the
highest impact are the scientist professor Chatterjee (four published papers and a
total of 438 citations) and Professor Nadal (also with four published papers and a
total of 272 citations). Chatterjee is a professor of neurology at the Perelman School
of Medicine at the University of Pennsylvania (USA). His research focuses on spatial
cognition and its relationship to language. He also researches neuroaesthetics and
writes on the ethical use of neuroscience findings in society. In addition, Chatterjee
is the most highly referenced author for other H-Classics authors, appearing cited 54
times, and is the author who, in addition to having one of the longest and most
consistent track records in H-Classics during the period studied, has had H-Classics
publications almost every year. Nadal is a professor in the Department of Psychology
at the Faculties of Education, Nursing and Physiotherapy and Psychology at the
Universitat de les Illes Balears (Spain). Nadal is a permanent member of the Human
Evolution and Cognition Research Group (EVOCOG). His research focuses on
psychological aesthetics, neuroaesthetics and the evolution of the mind. The most
relevant source is Wiley's Journal of Consumer Psychology (six published H-Classics
and a total of 739 citations). Edited by Dr Anirban Mukhopadhyay (Hong Kong
University of Science and Technology), The Journal of Consumer Psychology (JCP)
publishes high-quality articles that contribute both theoretically and empirically to
the understanding of the psychology of consumer behaviour. Temple University
(USA) has had the highest number of affiliations in H-Classics papers in
neuromarketing and neuroaesthetics (a total of 12 articles). It is a leading institution
in neuroscience and houses the Center for Neural Decision Making, the Cognitive
Neuroscience Laboratory and the Temple University Neurocognition Laboratory.
The USA also has the highest distributed frequency of publications in H-Classics in
neuromarketing and neuroesthetics (Freq. 11), is the country of origin of the
references that most authors have cited in their bibliographies and is the country that
has published in all the 10 most relevant sources and used the 10 most frequent
keywords.

Most relevant documents (Most relevant cited papers, references, and sources from
Reference List): The most cited HCP is "Neuromarketing: the hope and hype of
neuroimaging in business", a research study on the application of neuroimaging
methods to product marketing with 332 citations and a total of 30.18 citations per
year. This work is a reference for all product marketers, as it is a review article within
the field of neuroimaging and its applicability in the field of business development.
The most cited reference is "Neural correlates of behavioural preference for
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culturally familiar drinks," a research study in which the authors delivered Coke and
Pepsi to human subjects and examined their attitudes and reactions in taste behaviour
tests as well as in passive experiments conducted during functional magnetic
resonance imaging (fMRI) to understand how cultural messages combine with
content to shape our perceptions; even to the point of modifying behavioural
preferences for a primary reward such as a sugary beverage. The most cited source
(from the reference list) is Elsevier's Neuroimage (182 articles referenced). Edited by
Dr Michael Breakspear (University of Sydney), Neurolmage, a Journal of Brain
Function, provides a vehicle for communicating important advances in the use of
neuroimaging to study structure-function and brain-behaviour relationships.

3. Conceptual Structure (Driving Themes and Emerging or Declining Themes): The
results of the joint word analysis reveal how the driving themes of this discipline
focus on literature reviews in consumer neuroscience, neuroaesthetics and
neuromarketing, the psychology of brand perception, and the role of researchers in
applying neuroscience to brand design. It has been noted that there are motor studies
focused on experiments related to aesthetic appreciation and visual and packaging
design. The results show that research on the perception of decision-making using
neuroscience techniques, as well as work on detecting deception, is a recurrent and
basic theme.

At this point of the research, new ways and possibilities arise when exploring and exploiting
scientific information. Using quantitative methods, it would be of great interest to delve
deeper into the informetric area of patentometrics, to know, through technological
surveillance, the intellectual and industrial property registered in this area of knowledge, to
be able to analyze the latest innovations developed in the sector, studying their commercial
viability, and understanding how these results have been transferred to the productive sector.
It would also be of great interest to work on the design and application of indicators to study
scientific activity on the Web, which is the basis of the new discipline of Cybermetrics
(including webometrics, altmetrics and usage analysis). Cybermetric indicators could be used
for the evaluation of science and technology and would complement the results obtained
with bibliometric methods in the different studies carried out. On the other hand, it would
be interesting to deepen the study of the openness of science (Open Science) in this field of
knowledge.

EEG, Physiological Activity and Pattern Recognition

Pilot tests conducted in the study of Chapter 4 have shown that Visual Design Principles and
Elements affect brain activity in several distinguishable ways and that a deep learning
classifier can infer the visual properties of video VDEPs from EEG activity. The availability
of the DEAP dataset has catalyzed research on predicting human affective states from
physiological signals. Previous research using the DEAP dataset pursued emotion
recognition from EEG recordings using 3D convolutional neural networks, the fusion of
learned multimodal representations and dense trajectory algorithms for emotional
recognition and analysis in videos, the study of an arousal and valence classification model
based on long-term memory, DEAP data for mental health care management, or accurate
EEG-based emotion recognition on combined features using deep convolutional neural
networks, among others. In contrast to this previous literature that mainly sought to predict
valence and arousal levels from EEGs in the DEAP dataset, in the study we have attempted
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to go further and have run a pilot analysis of EEGs and videos to extract some of the most
important VDEPs - Balance, Color, Light and Motion - and look for measurable effects of
these on observable EEG brain activity. Variations in light/value, thythm/motion and
balance in music video sequences have been found to produce a statistically significant effect
on the mean absolute power of the Delta, Theta, Alpha, Beta and Gamma EEG bands.
Furthermore, it has also been shown that a Convolutional Neural Network can successfully
predict the VDEP of a video fragment from the viewer's EEG signal alone, with an accuracy
of over 79% for the VDEPs that have been considered in this pilot.

In future lines of research, it would be interesting to investigate the relationships between
human physiological activity, emotion and attention, and elements of visual design to model
and predict how the visual presentation of stimuli affects cognitive and emotional
performance. The goal is to be able to predict, for individual subjects, how different
presentations of visual stimuli will affect their levels of attention, valence and arousal, and
their physiological activity, by conducting a fundamentally multidisciplinary investigation that
bridges the domains of visual design, machine learning and human physiological activity.
This will allow us to explain and predict, at the individual level, how human visual perception
depends on the way images are presented, and how this image presentation results in changes
in the physiological state of the individual. Through the analysis of physiological signal
processing, machine learning and the inclusion of visual design elements and principles it is
expected to:

1) Estimate the visual characteristics of images from brain activity
(electroencephalogram, EEG).

2) Predict upcoming changes in EEG activity due to the presentation of visual
images.

3) Automatically design visualizations that enhance a uset's level of attention and
engagement based on their previous brain activity and level of emotional response.

4) Train and validate machine learning classifiers of VDEPs from brain activity.

5) Develop deep learning approaches that predict change in an individual's attention,
valence, and arousal using information about current EEG activity and visual stimuli.

6) Create generative models to decide an optimal use of VDEP in imagery to promote
a desired cognitive and emotional response using information about their brain
activity and current levels of emotional and cognitive engagement.

7) Validate the developed analysis methods on a variety of publicly available and
newly acquired physiological data (such as the SEED dataset or BCI dataset), which
include EEG activity from a variety of individuals viewing short video clips under
various conditions.

Through this research, it is hoped that future studies will shed light on the relationships
between neural and cognitive sciences and visual design, to optimize the cognitive
performance of decision-makers when presented with visual information.

New advanced signal processing and machine learning algorithms, coupled with knowledge
of visual design principles and physiological activity, are expected to reveal relationships
between the way visual patterns are presented and physiological responses, at the individual
level.

In addition, future studies will propose to work on the following hypotheses (H):
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e HI. Itis possible to extract physiological patterns related to VDEP presentation and
to predict the VDEP used in the images from physiological activity. Explore these
patterns further.

e H2. It is possible to predict the likely change in an individual's level of attention,
arousal, and valence from their previously known underlying physiological activity
and an upcoming video sequence. Many papers in DEAP have predicted arousal and
valence from EEG, so predicting this should be quite feasible.

e H3. It is possible to modify the way information is presented visually to individuals
based on their underlying physiological state and their level of arousal, attention, and
valence in a way that promotes a desired cognitive and emotional response.

Sentiment analysis, aesthetic computing and image

generation using artificial intelligence

The research developed in Chapter 7 presents a novel Visual Design Elements and Principles
Ontology (VDEPO) that allows knowledge management (structuring, categorization and
hierarchization) of information related to the design, recognition, labelling, filtering and
classification of VDEPs for use in different information systems, expert systems and decision
support systems. In addition, ontology allows the management of the knowledge related to
an image, describes the parameters for its design and construction, improves the analysis and
classification criteria in the computational domain, and provides a framework for sentiment
analysis based on visual content.

Understanding semantic relationships between entities from different ontologies is a
cognitively challenging task. Aligning domain ontologies requires an ontology developer or
an end user to define the mapping between ontologies, either manually or by using a semi-
automated tool. Future research could also focus on extending and specializing the proposed
VDEPO to consider its applications in machine learning. Having VDEPO allows for
establishing the first steps for the creation of a system that organizes this knowledge and may
allow building the architecture of machine learning models focused and customized to
specific VDEPs, which would improve accuracy and reduce losses, instead of working with
generic neural networks. Develop algorithms based on machine learning and biomedical
signal processing that rely on knowledge of visual design to predict the optimal display of
visual elements that can induce a desired cognitive and emotional response. This would
enable, among other things (1) training and validating machine learning classifiers using
VDEPO, and (2) developing deep learning approaches that predict change in an individual's
attention, valence, and arousal using information about current EEG activity and visual
stimuli (VDEPO), (3) create generative models from the use of VDEPO to decide an optimal
use of VDEP in imaging to promote a desired cognitive and emotional response using
information about human brain activity and current levels of emotional and cognitive
engagement, and (4) validate various methods on a variety of publicly available and newly
acquired physiological data using VDEPO.
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