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∞ 

”The brain is as the universe, in which as one, single galaxies of neurons intertwine. 

Just as the universe expands, and new shining stars replace burnt-out old stars, 

Works the human brain… 

Which to us as humanity, just as the universe, 

With its unending number of interconnected stars, 

Offers a broad field of research into an undiscovered truth of humankind…” 

     ∞                        

                     Katja Zupanič 
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Emergence of Visual consciousness in Children with attention deficit hyperactivity disorder 

(ADHD) 

Summary 

One of the greatest questions of science, throughout history as well as today, is what 
consciousness is, where consciousness forms, which neural correlates take part in the 
production of consciousness. All these questions were pondered on by great philosophers of 
the past. The research in individual areas of neuroscience has also been ongoing in scientific 
circles for decades, searching for an answer as to which neural correlates are responsible for 
consciousness. As we can see, the nature of consciousness itself has excited the imagination of 
humanity since the beginning of history. 
Knowledge in the field of neuroscience has been rising steeply in the last centuries, and with 
it, the search for neural correlates of consciousness. Researchers throughout history sought a 
uniform center, a would-be master key to conscious experience. The famous philosopher 
William James was one of the first scientists to claim that several parts of the human brain 
were involved in the production of consciousness, together forming man’s consciousness. 
Today, this is also being confirmed through different studies, since we now know that more 
and more empirical evidence points to various regions cooperating in the production of 
consciousness, some playing bigger, and others playing minor roles. 
The job of the master thesis is of course not to answer the largest questions that have arisen in 
the minds of modern as well as historical scientists.  
In the theoretical part of the master thesis, we first investigate the history of neuroscience and 
get a feel of the timeline of the area itself, including opinions and findings of scientists 
throughout history up to today. Then in the first part, with the help of reviewed literature, we 
turn to explaining the concept of consciousness and the mind-body problem. 
Since the main part of the master thesis is the performed empirical study used to research visual 
consciousness in ADHD children, the theoretical part also encompasses the description of the 
ADHD syndrome from the standpoint of psychology, as well as neuroscience. At the end of 
the theoretical part of the thesis, we give attention to describing neural correlates of visual 
consciousness, which is also the main topic of our research project. 
In the empirical part of the thesis follows the representation and statistical processing of the 
data obtained through the study, where we studied the phenomenon of visual consciousness in 
children with the ADHD syndrome. In our experiment, we tested visual consciousness with the 
help of an experimental paradigm, developed by the main supervisor of this master thesis, Dr. 
Zoltán Nádasdy, with his colleagues. The experimental task performed by our participants 
included visual integration of image fragments presented on a computer screen. The last part 
of the master thesis is the statistical analysis, the graphical representation of the results of the 
performed study, in the end wrapped up by a discussion section. 
 
Key words: neuroscience, consciousness, visual consciousness, visual perception, ADHD 
syndrome. 
  



Vznik vizualne zavesti pri otrocih z sindromom pozornosti in hiperaktivnosti (ADHD)  

Povzetek 
 
Eno pomembnejših vprašanj znanosti, tako v zgodovini kot tudi danes, je ravno vprašanje 
zavesti; kje nastane zavest, kateri možganski korelati sodelujejo pri produkciji zavesti. S temi 
vprašanji so se ukvarjali veliki filozofi v preteklosti; prav tako se že desetletja znanstveniki 
ukvarjajo z vprašanjem zavesti znotraj področij nevroznanosti. Raziskuje se, kateri možganski 
korelati so odgovorni za zavest. 
Znanje s področja nevroznanosti je strmo naraščalo v zadnjih stoletjih, s tem pa je prav tako 
naraščalo iskanje nevroloških korelatov zavesti. Raziskovalci so skozi zgodovino iskali enoten 
center, ki naj bi bil glavni ključ za doživljanje zavesti. Znani psiholog William James je eden 
izmed prvih znanstvenikov, ki je trdil, da je v produkcijo zavesti vpletenih več delov človeških 
možganov, ki skupaj producirajo zavest človeka. Danes se skozi najrazličnejše študije to tudi 
potrjuje, saj vse več empiričnih dokazov nakazuje ravno to, da pri produkciji zavesti sodeluje 
več predelov skupaj, seveda so nekateri pomembnejši od drugih. 
V teoretičnem delu magistrske naloge najprej raziščemo zgodovino nevroznanosti in potipamo 
časovnico področja nevroznanosti, predstavimo mnenja in dognanja znanstvenikov skozi 
zgodovino pa vse do danes. Nato se v prvem delu s pomočjo pregledane literature posvetimo 
razlagi pojma zavesti ter problemu duha in telesa. 
Osrednji del magistrskega dela predstavlja izvedena empirična študija, s pomočjo katere smo 
raziskovali vizualno zavest pri otrocih s sindromom ADHD. Teoretični del zavzema tudi opis 
sindroma ADHD, tako z vidika psihologije kot nevroznanosti. Na koncu teoretičnega dela 
magistrske naloge pa se posvetimo opisu nevroloških korelatov vizualne zavesti, ki je prav tako 
glavna tema našega raziskovalnega projekta. 
Empiričnemu delu naloge sledi prezentacija in statistična obdelava podatkov, ki so bili 
pridobljeni skozi študijo, kjer smo s pomočjo empiričnih dokazil preučevali pojav vizualne 
zavesti pri otrocih s sindromom ADHD. V naši eksperimentalni študiji testiramo vizualno 
zavest s pomočjo eksperimentalne paradigme, ki jo je razvil glavni mentor tega magistrskega 
dela, profesor dr. Zoltán Nadasdy s sodelavci. Eksperimentalna naloga, ki so jo reševali naši 
udeleženci, je vključevala vizualno integracijo slikovnih fragmentov, predstavljenih na 
računalniškem zaslonu. Zadnji del magistrske naloge prinaša statistično analizo, prezentacijo 
grafov rezultatov izvedene študije, zaključimo pa z diskusijo. 
 
Ključne besede: nevroznanost, zavest, vizualna zavest, vizualna percepcija, sindrom ADHD 
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1. Introduction 
 
The nature of consciousness has stirred the imagination of humanity since the beginning of 
history. What is consciousness, how is our physical brain capable of interpreting subjective 
experience, where in the brain is consciousness situated? All these are questions that scientists 
have been asking themselves for years, both in the past as well as today. Just like we are 
familiar with the history of humanity, we are familiar with the history of neuroscientific 
discovery and the evolutionary history of the human brain, from the reptilian brain to the brain 
as we know it today, being able to feel, and think in abstract terms. 

Knowing about the evolution of the human brain means we are familiar with its course of 
development. When we are familiar with the development, we find that evolution, through 
adaptation to the living environment in which humanity develops, first develops individual cuts 
of the brain, with new functions and structures, and after that continues the change by mutation 
on a certain gene. In our empirical task, we focus on researching visual consciousness in 
children diagnosed with the ADHD syndrome. The Attention Deficit and Hyperactivity 
Disorder is lately growing both around the world as well as in our country. There has been 
enough research done on the ADHD syndrome brain that we know today that it is different in 
structure itself, as well as in function on a cellular level. Why the occurrence of the disorder is 
ever greater, we can only assume. We also only assume from past knowledge on brain evolution, 
that perhaps the ADHD syndrome brain presents a new brain with different capability, a 
different perception of the exhibited world, a different take on consciousness, both auditory as 
well as tactile and visual. In the master thesis, we build a theoretical framework from a 
philosophical, neuroscientific, and psychological viewpoint. We join the separate parts into a 
whole, which gives us a broad insight into the theoretical understanding of the empirical task 
we use for testing differences in the emergence of visual consciousness in children with the 
ADHD syndrome. 

Even though many studies have been done in the field of visual consciousness, as well as the 
ADHD syndrome, there are very few that connect both areas. The theoretical and empirical 
part of the final thesis at the Cognitive Science program thus builds a bridge between both 
research phenomena. The master thesis also represents a theoretical and empirical basis for 
continued research into visual consciousness in children with the ADHD syndrome, using the 
EEG and fMRI methodologies.  
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2. THEORETICAL PART 
 

 History of Neuroscience 
 
Knowledge of the history of a certain scientific field not only educates us, but also informs our 
contemporary understanding of the human past. The understanding of the history of a scientific 
field builds foundation for the future and new improvements in all areas of science. The history 
of science thus becomes an important part of a living story, repeatedly supplemented by new 
discoveries and contemporary scientific thought. 
 
If we look back to the history of neuroscience, various findings and archeological inscriptions 
provide us with evidence that people have been trying to heal one another with a process called 
trephination1, since as long as 7000 years ago. These days it is still not exactly clear what 
surgeons tried to accomplish with such procedures, but it is supposed that the purpose of such 
therapy was to expel evil spirits from the patient’s head. 
Historical evidence of discovered heads also hints that some patients survived multiple such 
types of treatment and trephination procedures or other operations on the skull (Alt KW, et al., 
1997). 
It was 5000 years ago, when the great ancient civilization of Egypt was flourishing. The 
Ancient Egyptians were a people populating the Nile river basin. They left the modern era with 
a lot of evidence that they had already had a detailed understanding of symptoms that can affect 
the human brain. Despite this knowledge about neurological illness, the brain did not have 
much importance to them, since, during the mummification procedure, it was pulled out 
through the nostril using a metal hook and immediately disposed of. The heart was the organ 
considered the seat of the soul in ancient Egypt and was thus naturally the most appreciated 
(Finger, 1994). 
The belief that the heart is the seat of the soul, and that it is the most respectable organ, held 
all the way up to approximately 430 B.C. Hippocrates, today revered as the father of modern 
medicine, then (460–379 before Christ) advocated that the brain is the object that is important 
for a person’s emotion and that the brain is the place where the intelligence of every living 
individual person should be found. Aristotle, known today as a famous Greek philosopher, 
claimed that the brain is a sort of radiator, meant to cool the blood of a human. In his opinion, 
blood is meant to warm the heart. Despite Hippocrates’ claims that the brain is the seat of 
intelligence, Aristotle (384–322 before Christ) still advocated a view that the Ancient 
Egyptians would agree with; that is, that the heart is the seat of the intellect for any individual 
(Finger, 1994). 

                                                
1 Trephination (also known as trepanning or burr holing) is a surgical intervention where a hole 
is drilled, incised or scraped into the skull using simple surgical tools. In drilling into the skull 
and removing a piece of the bone, the dura mater is exposed without damage to the underlying 
blood-vessels, meninges and brain (Irving 2013). 
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One of the first physicians to accept Hippocrates’ view that the brain is the seat of the intellect, 
was the Greek physician and author Galen (AD 130–200), practicing in the time of the Roman 
Empire. He was also a physician of gladiators in that time. It must have been exactly this 
occupation that pushed him towards understanding the brain. Galen was also very fond of 
anatomically studying the brains of sheep. It was these studies that made him realize that the 
brain is hollow on the inside and contains liquid-filled ventricles. Studying the anatomy of the 
sheep brain, Galen became completely convinced that the ventricles and the fluid in them are 
the reason and cause for a human to receive sensations using the brain, and has the ability of 
moving his own limbs. The fluidic-mechanical theory, the belief that a human’s functions are 
controlled by fluid found in the human brain, was prevalent on Earth for almost 1500 years 
(Bear, 2007). 
 
René Descartes (1596–1650), a French mathematician and philosopher, was one of the leading 
scientists at the time to advocate the fluidic-mechanical theory of brain function, even though 
in his descriptions and research he remained skeptical that this theory in particular could 
encompass the complex whole that is the workings of the brain. Therefore, René Descartes 
became a historical scientist for claiming that the main capacity for using the mind or soul is 
found outside the brain itself. That a human has something more, something that makes him so 
much different from animals. That is the human spirit, the human mind, and using the human 
intellect. He places the seat and physical source of the non-physical human spirit into the 
epiphysis – the pineal gland, the only part of the brain that is not duplicated in the left and right 
hemisphere (Bear, 2007). 
The scientists of that time, the 17th and 18th century, gradually started to distance themselves 
from this fluidic-mechanical theory, they were not interested only in fluid anymore, but started 
to focus more and more on the research of matter. Through this research, they revealed that the 
brain consists of grey and white matter, that the nervous system should be distinguished into 
the brain and the spinal cord, and that the surface of the human brain has little bumps, called 
gyri, and cracks, known today as fissures and sulci (Bear, 2007). 
At the end of the 19th century, scientists discovered that the human brain produces electricity, 
though it was not quite clear how or in what way. In that time, the function of the ventral and 
dorsal roots of the spinal cord was also discovered, as well as the transfer of information from 
neural fibers. Later in the history of neuroscience started a period of research with a method 
called experimental ablation. This is a method where the researcher destroys individual parts 
of the brain to reach findings on separate functions of the brain. In that time, the method was 
most used by the French physiologist Marie-Jean-Pierre Fluorens, who was doing research on 
numerous animals and used experimental ablation to show the importance of the cerebellum in 
coordinated movement (Bear, 2007). 
Franz Joseph Gall, an Austrian student of medicine, proposed the idea in 1809 that the size of 
the head and shape of the skull are what determines a person’s personality, so he set out to 
measure numerous skulls of very different people. He measured the skulls of very gifted and 
intelligent people as well as the less intelligent, mentally ill and criminally minded. This 
method was known as phrenology. We know today that phrenology never became well 
accepted, even by scientists at that time, and it never became a true scientific branch (Finger, 
1994). 
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The Broca’s area is a part of the brain that is well known to all neuroscientists of today. As 
discovered by the research of the French neurologist Paul Broca (1824 –1880), it is responsible 
for the production of speech. Dr. Wernicke (1848-1905), a physician in Germany, was the first 
to define the region intended for the understanding of speech, the Wernicke’s area in the left 
temporal lobe. 
In the year 1859, Darwin presented his evolutionary theory of natural selection to the public 
(Bear, 2007). 
In the late 17th century, the first microscope was assembled, meaning that a new beginning in 
brain structure and brain cell research was taking place in science. Even though the creation of 
the first microscope was promising, scientists still had to discover a way to consolidate the 
researched tissue. The discovery of tissue preparation methods led to a new branch of science, 
histology, which also spurred research on the structure of brain tissue. The beginnings of 
histology take place in the beginning of the 19th century. Camillo Golgi (1843-1926) and 
Santiago Ramon y Cajal (1852-1934) were aspiring neurohistologists at the time and in 1906 
together received a Nobel Prize for their description of neurons, the basic building blocks of 
the human brain (Finger, 1994). 
In the beginning of the 20th century, various studies started to take place in the fields of 
biochemistry, genetics, electrophysiology and molecular physiology; and in the end of the 20th 
century, the development of computer science brought them to the forefront. In 1929, Hans 
Berger developed the EEG – electroencephalography, a method of measuring the brain’s 
electrical activity (Finger, 1994). 
 
As we can see, with the broadening of scientific methods, we started to decipher brain function 
on many levels: molecules, cellular, at the level of microscopic and macroscopic networks, 
broken down to various functional systems. At the same time, cognitive neuroscience evolved 
from cognitive psychology and neuroscience, and took up the challenge of studying the link 
between the brain and human-specific functions, such as language, episodic memory and 
consciousness. The rapid advancement of a new generation of non-invasive methods (fMRI, 
PET, MEG), today enables observation of the inner workings of the human brain in action. 
 

 Evolution of the Human Brain 
 
The biological process, in which the genetic record changes from generation to generation, is 
called evolution. Evolution changes the hereditary properties of a species that are passed on 
between individual generations through the genetic record of the DNA molecule. The structure 
of DNA determines the genetic code of an individual and gene mutations are those capable of 
changing the phenotype of the individual organism (Pinel, 2007). 
 
Since the period of the Australopithecus up to today’s period of Homo sapiens, the volume of 
the brain has increased threefold, a consequence of human evolution and a change in individual 
genes. Various archeological findings show that larger brain volume played a role in 
intellectual progress. 
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The prehistoric human Australopithecus afarensis, which lived 3.5 million years ago in the 
region of Africa, had a skull volume of 400 mL. The brain volume of Homo habilis, which 
lived about 2 million years ago, totaled 750 mL. Our ancestor Homo erectus, whose period 
falls between 1.7 and 1 million years, already had a 900 mL brain volume. The volume of 
Homo erectus, from 0.5 million years ago, measures 1200 mL and is equivalent to the volume 
of the early beginnings of Homo sapiens. The brain volume of modern man is 1400 mL. Even 
though the increase in volume used to mean higher intellectual capacity in the past, we now 
know that larger volume does not necessarily link to higher intelligence (Tobias, 1971). 
 
The researcher Paul Donald MacLean was an American physicist and neuroscientist, known 
for describing the limbic system as responsible for the production of emotion. He also divided 
the brain into three parts, the reptilian brain, the paleomammalian brain and the neocortex 
(neomammalian brain), whose collective force creates the human experience. The researcher 
Paul Donald MacLean thus presented the evolutionary model of the brain (MacLean, 2009). 
 

 The Reptilian Brain  
 
Paul Donald MacLean calls the oldest part of the brain, which developed 400 million years ago, 
the reptilian brain. A characteristic of the reptilian brain is that it is not capable of emotion or 
memory. The reptilian part of the human brain is composed of the same structures as the brains 
of reptiles, these being the brain stem and the diencephalon, found deep inside our brain. The 
reptilian brain is the part of the human brain, controlling the most basic of functions, such as 
breathing, heartbeat, the fight for nourishment (MacLean, 1990). 
 

 The Paleomammalian Brain 
 
The second part of the brain that MacLean describes in his evolutionary model is the brain of 
a mammal, evolving about 250 million years ago, when the first mammals on the planet Earth 
evolved. By upgrading the reptilian brain with the brain of a mammal, the capacity for emotion 
and memory creation is attained. A part of the paleomammalian brain is also called the limbic 
brain, capable of feeling pleasure and reward awareness. This part mostly shows when 
mammalian mothers care for their young after birth, so that they develop into independence, 
while reptilian mothers care only for the egg. The second part forming with the evolution of 
the brain is also called the limbic system and is composed of the thalamus, hypothalamus, the 
hypophysis, the amygdala and the hippocampus (MacLean, 1990). 
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 Neocortex / Neomammalian brain 
 
The last part of the brain to develop in evolution is the neocortex, among other things its task 
is also inhibition of emotion. 
The neocortex divides into individual lobes, the frontal, parietal, temporal and occipital, and 
into the left and right hemispheres. The hemispheres of the human brain are important in the 
development of language, whose centers are located in the dominant hemisphere. The frontal 
lobe enables working memory, abstract thought, awareness of self, and is the associational 
cortex. The dominant hemisphere of the temporal lobe is responsible for production and 
understanding of human speech and production of higher auditory frequencies as well as facial 
recognition and visual stimuli identification. The occipital lobe is the location of the primary 
visual cortex, which enables the processing of a visual stimulus into hierarchically higher lying 
regions (MacLean, 1990). 
The neocortex, with its trillions of connections, has a virtually unlimited learning capacity. 
 
 

 
 

Figure 1:  
Figure 1 presents the evolutionary model of brain development by MacLean. 
All three parts of the human brain are interconnected by neural pathways and do not work 
separately from one another, but are co-dependently linked by neural networks, made up of 
more than 100 billion neurons in individual regions. The brain of an adult human today weighs 
1.3 kg (Azavedo, et al., 2009). 
 
If we know the history and evolution of our species, we can speculate on the evolution that is 
happening during the lifetime of humanity, and that will happen in the future. If the brain has 
become ever larger through time, from the past up to today, perhaps it is time for it to diminish 
in step with evolution, as is shown in the neurological correlates of ADHD. Such thinking is 
merely an assumption today and manifold studies will still be required in this area, both in the 
research of individual neurological regions as well as the specific gene in the human cell. 
 
Today, modern technology, such as the functional magnetic imaging methodology, enables 
research into the function of the living brain, opening with it an unending field of opportunity 
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for research in the area of neuroscience. From the perspective of the individual neuron to the 
function of the cell, the connections running through the entire brain and the research of 
individual regions of the human brain, as well as the research of consciousness as such, whose 
philosophical and neurological aspect we present in the next paragraph. 
 

 Mind-Body Problem 
 
In the past as well as today, scientists researched and searched for answers to various questions 
about what it means to be human. Are humans different from animals because of having a mind 
(i.e. an immaterial substance of “soul” according to traditional beliefs), or human psyche, or 
nothing more than another function generated by the brain? What makes us as humans aware 
of our own self, or enables us to ask questions such as “who am I” and “how can I have a 
subjective experience of a colorful internal existence”? 
 
Is there truly something non-physical, something intangible, which is so very different from 
other things already known in the environment and nature of the planet Earth? Something non-
physical and intangible that gives man a special place in the world we live in. Conscious 
experience is an everyday phenomenon that we are all able to access. We are more intimately 
acquainted with our own conscious experience than anything else, but despite the ordinariness 
and easy access, it presents a difficult problem to solve for science and is a great riddle in the 
field of mind sciences. 
 
The French philosopher René Descartes was one of the first scientists that wanted to solve and 
study one of the greatest questions on the nature of consciousness, the mind-body problem. He 
believed and claimed that our mind, the soul, is composed of a substance separate from brain 
tissue. His dualistic approach attempted to explain how non-physical components of the human 
mind – the human soul – collaborate with the physical components of the human mind. He 
places the seat of the mind in the pineal gland, the only human brain structure that is unique 
and not duplicated. It is exactly due to its uniqueness and non-lateralization that, according to 
Descartes, the pineal gland or epiphysis should present as the source of the non-physical human 
spirit. In his experiments, René Descartes failed to prove any kind of reciprocal connection 
between the non-physical mind/soul and brain matter or answer his question about how such 
different parts of the spirit and body would work in synchrony and interaction (Dennett, 1991). 
Today, the materialistic approach claims that the mind/soul are the same substance and thus 
avoids a dualistic approach. So according to the assumption of the materialist approach, the 
mind like the brain is a purely physical phenomenon and the interaction between the mind and 
brain can be explained on a completely neuronal level, for which the rule applies that it is the 
basis of all different kinds of cognitive processes taking place in the human brain (Dennett, 
1991). 
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 Hard problem of Consciousness  
 
Using the materialistic approach, we can explain the interaction of the body and mind. However, 
it is hard for the materialistic approach to give us an answer to the question of how a human’s 
physical brain can cause a subjectively uniform experience. The hard problem of consciousness 
as posed by D. J. Chalmers in the year 1995 is exactly the search for an answer to this question. 
As Nagel (1974) says, there is such a thing as being a conscious organism; this aspect, which 
is of a subjective nature, is experience (qualia), is suchness. The question of how experiential 
non-physical subjective properties (qualia) emerge from an entirely physical element, such as 
the human brain, is outside of the scope of this master thesis. Some researchers today also think 
that there is a possibility that an answer to this question lies beyond what can be learned about 
consciousness itself in the time we live in. 
With the words “Perhaps consciousness truly cannot be explained, but how will we know, until 
somebody has tried it,” Dennett shows his optimistic side in the topic of consciousness research 
in science (Dennett, 1991). Chalmers’s standpoint towards the hard problem is also not 
generally accepted. Rather than the hard problem of consciousness, it is designated as the 
“deceptive problem”; it is so labelled, for example, by the American philosopher Patricia 
Churchland, who thinks that we cannot determine in advance, which problem will actually turn 
out to be the hard problem of consciousness (Blackmore, 2005). 
 
In this thesis, we are not trying to propose scientific approaches to answer how “qualia” are 
generated. In the following parts of master thesis, we are following the more feasible 
approach by Christof Koch and Francis Crick of seeking neural correlates of consciousness.  
 

 Non-uniformity of Consciousness 
 
The non-uniformity assumption in science refers to a human’s consciousness being a uniform 
entity, even though we as humans have the capability of differentiating between everyday 
conscious perceptions as, for example, perceiving color, smell, sound, touch etc. Zeki (2003) 
in his paper suggests that consciousness is not a uniform whole, but should be studied as 
individual parts, separated into multiple units, which are present in a given time and space. As 
we can see, René Descartes treated consciousness as a whole and placed its source into brain 
matter, the pineal gland, which he suggests is the center of the source of human consciousness 
or spirit, and a contact point, where the non-physical human mind and the physical brain should 
join. However, we also know that the presupposition of the materialistic approach easily rejects 
Descartes’ dualistic approach (Dennett, 1991). The British neurobiologist Zeki is convinced 
that our conscious perception of this world is simply a composite whole, made up of individual 
separated consciousness appearing in space and time. In his paper, Zeki presents numerous 
consciousnesses that together compose a hierarchy and together form a unified consciousness 
(Zeki, 2003). As the strongest argument for the non-uniformity of consciousness he lists the 
system in the brain specialized for detecting color and movement. The functional specialization 
in the brain for color and movement is found in different locations in the visual part of the brain. 
The area called V4 is a part of the visual cortex, whose function is the perception of color, and 
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the V5 area is the area that allows us to sense the movement of the object observed. Zeki (2003) 
states that exactly the separate locations of these two areas are the main argument for the 
“theory of multiple consciousnesses”. He confirms this with proven lesions in different regions. 
The injury of one region does not cause the non-functioning of the other. Thus, a patient with 
a lesion in the V4 area is not capable of perceiving color but can nonetheless perceive a moving 
object. The same holds if the lesion is in the V5 area, the patient with this lesion will easily 
perceive color, but not a moving object. A V4 lesion is called achromatopsia (acquired color 
blindness) and a lesion in the V5 area is called akinetopsia. In his paper, Zeki names 
consciousnesses of this type “micro-consciousnesses” and they are the main reason for denying 
the unity of the experience of consciousness. Today, empirical evidence also points to a time 
difference between the consciousnesses themselves, as it was found that we become aware of 
colors 80 milliseconds before we become consciously aware of an object’s movement. Which 
confirms the multi-layeredness of consciousness in space as well as in time.  
Zeki claims that consciousness is hierarchical and that we get to the unity of consciousness, 
when both micro and macro-consciousness join. Under macro-consciousness, he defines 
several micro-consciousnesses, together experienced as a single entity. Therefore, the concept 
made up of several different components, according to Zeki, represents the basis for the 
research of consciousness (Zeki, 2003). 
 

 Neural Correlates of Consciousness  
 
When we look at the timeline of history, we see that scientists have already set upon themselves 
the research and the question of tackling the concept of consciousness. This topic was 
interesting in the past, and it remains as such for scientists and science itself in the present. In 
history, the belief held was that only a certain part of the brain is necessary for consciousness, 
but today we know that consciousness is created by manifold connections between structures 
and their functions. The first to think in this direction, that the functioning of several structures 
together is necessary for consciousness, was William James (Edelman, 2006). 
 
In cognitive neuroscience and cognitive psychology, there is more and more evidence that the 
functioning of multiple structures in the human brain is necessary for the production of 
consciousness; and that the function of their connections with one another is the reason for the 
higher cognitive functions of a human (Frackowiak, et al., 2003). Even through studies today 
manifold connections and mutual functioning of areas of the modern human’s brain are being 
proven, the structure thalamus and its connections are a structure that plays one of the most 
important roles in the production of consciousness (Edelman, 2006). 
 
In the continuation of this master thesis, we will elaborate and more precisely look at the role 
of the thalamus in the production of consciousness and the known hypotheses or theories 
pointing to the sanity of the emergence of consciousness in the physical brain of a human. 
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 Thalamus 
 
Already in the middle of the 18th century, the scientists of the time had an idea that the thalamus 
is a structure in the brain responsible for somatosensory areas in the brain. The Greek writer 
and physician Galen was one of the first that created a description of the thalamus and defined 
it as an anatomical neurological correlate in his essays (Jones, 2012). 
With the help of studies on people with manifold sensorial deficits, it was established that the 
thalamus is a structure on the top of the brain stem and is important for the processing of 
information of the sensory type (Jones, 1985). 
Scientists say that the structure thalamus works as a passageway for information to the cortical 
regions in the brain. All of the information coming from the outside world, such as sound, 
image, feeling on the body, crosses the thalamus structure before reaching the cortex of the 
human brain. The only exception that appears is smell (Sherman & Guillery, 2001). 
The thalamus is a structure shaped like an egg, composed of two symmetrical structures that 
are formed from the diencephalon. It is composed of grey matter and an internal medullary 
lamina that has a “y” shape and represents the white matter of the brain. In the brain, we have 
two thalamus, the left and the right, interconnected by interthalamic adhesion and between 
them is the area of the third ventricle. The thalamus is a structure in the brain actively taking 
part not only in the transfer of all sensory information, but also in maintaining the sleep and 
wake cycle. It is known today that the neurological structure thalamus can be in essence divided 
into three parts, namely: epithalamus, dorsal thalamus and ventral thalamus (Sherman & 
Guillery, 2001). 
 
The epithalamus is the only part of the thalamus that does not have direct communication with 
the striate cortex as the ventral and dorsal thalamus do in comparison (Jones, 1985). 
The epithalamus is composed of the epiphysis and the thalamic habenular nuclei stria 
medullaris. In the epiphysis, in other words called the pineal gland is the place where René 
Descartes placed the dwelling of the human spirit (Webb & Adler, 2016). In it, we find 
melatonin releasing cells that play an important role in the individual’s circadian rhythm. 
Thalamic habenular nuclei that represent part of the epithalamus are strongly connected to the 
epiphysis itself. A thalamic habenular nucleus is composed of the lateral and medial nucleus 
and the stria medullaris communicates with the thalamic habenular nucleus (Rea, 2015). 
 
The dorsal thalamus, located between the epithalamus and ventral thalamus, is the main and 
the largest part of the thalamus. All sensory information, such as sight, hearing and 
somatosensory, flow through the dorsal thalamus, while its nuclei project all the way to the 
neocortex. Olfactory sensory pathways are the only ones that do not flow through the thalamus 
directly, even though they still reach it through indirect connections with the cortical regions. 
Reciprocal connections run through the thalamus, the neocortex and the basal ganglia, so that 
all of the information reaching the neocortex reverses back to the thalamus. Because of surfaces 
of the sensory system such as sight, hearing and somatosensory, the organization of the dorsal 
thalamus is of a topographical nature (Sherman & Guillery, 2001). 
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The ventral thalamus, also known as the subthalamus, is a structure of the thalamus, which 
includes the subthalamic nucleus, fields of Forel and the zona incerta. It lies on the path 
connecting the dorsal thalamus and the striate cortex, and all the information crosses the 
thalamic reticular nucleus, the nucleus of the ventral thalamus (Crick, 1984). 
 

 Thalamic Reticular Nucleus (TRN) 
 
The thalamic reticular nucleus functions as a guardian of the passage of information to the 
desired region of the cerebral cortex and back to the thalamus (Crick, 1984). Its core is 
composed of a very thin layer, containing a small number of neural cells, particularly in the 
adult period of a human. It is interesting that a high density of thalamic reticular neurons is 
characteristic of the human embryo, making this structure much more pronounced in childhood 
compared to the adult period (Mitrofanis & Guillery, 1993). 
 
Connections running from the thalamus to the cortex are mostly of an excitatory nature 
(glutamatergic). While those running in the opposite direction, cortex-thalamus connections, 
are of the inhibitory type (containing inhibitory GABAergic fibers) as presented in Figure 2.  
(Crick, 1984). 
 

 
 

Figure 2:  
The picture shows the thalamic reticular nucleus and its thalamocortical and corticothalamic 
connections. The unbroken line represents axons that are of the excitatory type (glutaminergic 
type). The dotted line represents axons that have an inhibitory/GABAergic effect on the 
thalamus. 
 
A topographical organization is characteristic of the thalamic reticular nucleus, which means 
that the thalamic reticular nucleus contains a small map of the cortex and consequently also a 
map of sensory areas, such as the visual, auditory, visceral, somatosensory, 
taste/glossopharyngeal. The only exception is the olfactory system, which is able to send 
information directly to the cortex and so does not send information directly to the thalamus 
itself. The consequence of this is that there is no topographical map of the olfactory system on 
the thalamic reticular nucleus, even though scientists today have confirmed connections to the 
thalamus for this sensory system as well (Jones, 1985). Different regions in both the thalamus 
as well as the cortex divide into sectors, where each one plays a different part in the 
somatosensory function of the brain. The thalamic reticular nucleus is also divided into sectors. 
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In it are localized connections, through which the thalamic reticular nucleus responds to 
information from the dorsal thalamus and those coming back from the cortex and traveling 
back to the thalamus. As we shall see in the continuation of this master thesis, exactly the 
topographical organization is the key and also very close to Crick’s hypothesis on the 
attentional searchlight. Since it is precisely it that should have the ability that the thalamic 
reticular nucleus is focused exactly on certain parts of the cortex when it forwards information 
to the desired part of the cortex. With different studies, it was also established that the thalamic 
reticular nucleus has a unique ability of distinguishing individual thalamus nuclei and that it is 
formed by neurons that have mutually different connections, while at the same time having the 
function of processing at different levels (Guillery, 1998). 
 
Even though today we know the topographical organization of the thalamic reticular nucleus, 
the function of this “passageway guardian” is not yet researched in detail (Guillery, 1998). 
 
 

 
Figure 3: 
Figure 3 presents the topographical organization of the thalamic reticular nucleus and the flow 
of information from the dorsal thalamus through the thalamic reticular nucleus to the cortex, 
and in reverse, back to the dorsal thalamus.  
 

 Properties of Thalamic Reticular Neurons 
 
Neurons of the thalamic reticular nucleus form a complex network made up of axons passing 
information thalamus-cortex (thalamocortical axons) and cortex-thalamus (corticothalamic 
axons). The cell bodies of neurons of the thalamic reticular nucleus are larger in size compared 
to cell bodies (somas) of the dorsal thalamus, meaning that cells of the thalamic reticular 
nucleus receive input in a more dispersed way from different cortical regions (Sherman & 
Guillery, 2001). 
As we have already written, the thalamic reticular nucleus is positioned in such a way (between 
the dorsal thalamus and the cortex) that it is crossed by every axon traveling to the cortex and 
to the thalamus. Neurons of the thalamic relay neurons via inhibitory (GABAergic) and the 
cortex via excitatory (glutamatergic) synapses (Jones, 1985). The function of neurons of 
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different thalamic nuclei is different, while we can observe that neurons that are in the nuclei 
of the dorsal thalamus communicate mostly inside the area of the dorsal thalamus. It is also 
true that communication between the nuclei, also the neurons themselves, works more or less 
in isolation, and that their connections are of a weaker type. The neurons of the thalamic 
reticular nucleus act in a different way. Dendrites of thalamic reticular neurons have the 
capability of reaching outside the thalamic cortical nucleus and projections running inside the 
nucleus project numerous side branches, for which it is characteristic that they enable long 
distances inside the thalamic reticular nucleus itself (Crick, 1984). While it holds that mutual 
communication is of a weaker nature for the neurons of thalamic nuclei, the neurons of the 
thalamic reticular nucleus have a stronger mutual connection and the communication taking 
place between them is stronger. In the item before this one, we also mentioned different 
specialized sectors that refer to a certain somatosensory area and topographical map of the 
cortex. Neurons in the thalamic reticular nucleus enable communication between different 
sectors, specialized for a certain area inside the thalamic reticular nucleus (Pinault, 2004). 
 

 The Attentional Searchlight Hypothesis  
 
As we know, searching for neural correlates stirred the imaginations of scientists in history as 
well as scientists of today. Francis Crick is one of the scientists that established the hypothesis 
of the searchlight, his research mostly including the thalamus and the thalamic reticular nucleus, 
for which he is of the opinion that it is the key neurological correlate for the production of 
human consciousness. In his paper, he takes as a basis the study of Treisman and her colleagues. 
Treisman was researching how a human’s brain works while solving tasks, those for which 
attention and a different capability of separating and searching for individual letters in a given 
field are important. They found that the human brain is capable of focusing on only one letter 
and that it goes letter by letter over the field of letters until it finds the desired searched for 
letter. Picture x show the principle of the task, where we find the letter demanded from us in 
the task, with the help of the attentional searchlight as proposed by Treisman with her 
colleagues. In this case, the letter t in a field of letters of the same color. The task of the 
searchlight is not to illuminate a dark background, but to illuminate a sought-after object that 
is already illuminated (Crick, 1984). 
 

XXXXTXXXXXXXXXXTXXXX 

XXXXTXXXXXSXXXTXTXXTX 

XXXXXXXTXXXTXXXXTXXXX 

Figure 4: 

The Figure shows the task by Treisman and colleagues. 
In the given task the participant quickly notices the black letter S as well as the blue letter X, 
which stand out in the task. They already need more time to find the brown T. The searching 
time increases even more when they search for a green T in a field of green X-s, the participant 
employs the attentional searchlight in the search (Crick, 1984). 
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In his paper, Francis Crick (1984) suggests the attentional searchlight hypothesis, 
characterized by a similar mechanism as described by Treisman. The researcher is of the 
opinion that there is a mechanism in the thalamus, which “cools” or “warms” certain parts of 
the thalamic reticular nucleus to increase the activation of the transfer of desired information 
to the cortex itself. The dorsal thalamus together with the thalamic reticular nucleus warms up 
parts, which it wants to excite, or cools down parts it wants to temporarily inhibit. With this 
function in the thalamic reticular nucleus, a searchlight is created, playing an important part in 
thalamocortical communication of information and the production of consciousness (Crick, 
1984). His hypothesis also references a study on guinea pigs, whose authors are Llinás and 
Jahnsen. With their study, they proved there are two different ways in which neurons activate 
in the thalamus, namely a “repetitive” mode, characterized by a steady firing of neurons. These 
neurons fire in a repeating rhythm, approximately 25 to 100 times per second (tonic mode). 
And the burst firing mode, in which neurons fire with short burst of high frequency spikes 
(about 300 times per second). Membrane change in the neuron is supposed to play a key role 
in the change of firing mode (Llinás & Jahnsen, 1982). Based on the study done on guinea 
pigs and the two proposed firing modes of neurons, the researcher Crick suggests that during 
the transfer of information to thalamocortical areas, the neurons display tonic mode activity, 
while during non-transfer state they switch to burst mode. The type of cell activation is claimed 
to be a response of the thalamic reticular nucleus to information received from the thalamus. 
The fast activation mode is followed by a period of inactivity, which enables the attentional 
searchlight to focus on a new area in the cortex. Several attentional searchlights should exist 
in the thalamic reticular nucleus that according to Francis Crick are crucial to the production 
of consciousness. He also states that during the operation of the attentional searchlight, 
synapses of a special type are formed between the interconnected functioning neurons, which  
he calls Malsburg Synapse. 
  

 Malsburg Synapse 
 
Francis Crick (1984) suggests that Malsburg synapses are synapses of a special type, which are 
created in the thalamic reticular nucleus during the operation of the attentional searchlight. 
Since when neurons switch to the burst firing mode, they somehow strengthen the pre-exiting 
synapse. He also claims that between activated synapses forming the attentional searchlight, 
the temporary power of synapse functioning is increased, which represents the idea of the 
Malsburg synapse, for which it holds that they become stronger during multiple unification and 
the connection weakens as well when the synapses stop working in unison. The idea bases on 
Hebb’s rule, which is described in more detail in the visual consciousness chapter of this master 
thesis. The difference between Hebb’s rule and Malsburg synapses is that Hebb’s rule is 
distinctive for long-term connections of reciprocal learning or the activation of neurons in a 
neural net that strengthen with multiple operations and have, as a consequence, lasting synaptic 
changes. The functioning of Malsburg synapses is temporary and only then is the connection 
strengthened, even if it is only the moment of the appearance of the attentional searchlight. 
Thus, with Malsburg synapses, repeated activation does not play a role, but it is the momentary 
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strength of the connection between synapses, so it is a temporary strengthening or weakening 
of mutual connections between synapses that fire and are active and create an attentional 
searchlight in the thalamic reticular nucleus (Crick, 1984). 
 

 The Flow of Information over the Neural Network of 
Thalamocortical Connections 

  
The thalamic nucleus sends neural axons into the regions of the somatosensory cortex through 
tracts. EPSP signals are mostly signals traveling from the thalamus into individual regions of 
the neocortex and those traveling backwards are of the inhibitory type and trigger an IPSP 
signal. 
We differentiate between two functional groups of thalamic nuclei in the thalamus: “first order” 
and “higher order”. The difference between the groups is the source of the information. First-
order class nuclei receive information from the peripheral nervous system and the lower brain 
centers and forward it to the neocortex. Characteristic of first-order synapses are large terminal 
buttons, which form contacts with dendrites or relay cells. The higher-order class of neurons 
transmits information between individual regions of the neocortex; this is higher order 
processing (Sherman, 2005). 
The change of velocity of a certain stimulus reflects in the presence of myelin and the axon of 
the cell itself. The rule is that information transfer takes place faster in a more myelinated axon. 
 
Signals from the thalamus flow directly to the cortex, to layer VI in the neocortex, while other 
sensory information goes on to deep brain structures before reaching the neocortex. 
 
Myelin on axons traveling between individual regions plays an important role in temporal 
transfer of an individual stimulus. Studies have also shown that information from the thalamus 
flows faster along long axons compared to shorter axons. The number of Ranvier nodes and 
ion channel distribution also influences the conduction of information (Kimura & Itami, 2009). 
 
The thalamus structure has an indirect function in the reception and integration of sensory 
information, including visual stimuli and visual consciousness, which is the main topic of our 
empirical work. The feedback loop of bottom-up and top-down data processing that we 
mention in the last chapter of this work also would not exist without the thalamus structure. 
 
The thalamus structure and its connections to the primary as well as hierarchically higher-lying 
associational regions thus play an important role in the function of a healthy brain and 
perception of the world around us. Thalamocortical connections are also important in attention 
retention and inhibition. As we see in the next chapter, the function and interconnection of 
individual structures is crucial to the function of the human brain. 
 
In the following chapter, we focus on building a theoretical framework of the ADHD syndrome 
and present a neurological and neurobiological description of this neuropsychological disease, 
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including results of studies confirming the functionality of individual neural correlates, the 
thalamus structure among others. 

3. ATTENTION DEFICIT HYPERACTIVITY DISORDER 
(ADHD) 

 
If we look at the evolution of the human brain, we can see that through evolution the brain 
changed its structure and functionality and was upgraded from the reptilian brain to a brain 
capable of feeling, remembering, and thinking in abstract terms. If we look at history and 
modern findings in the area of the ADHD syndrome, we can assume that the ADHD syndrome 
brain may perhaps present a new brain with a different structure and different functional 
capability. A lot of research is still needed in this area and topic in the future to confirm such 
assumptions. 
 
The target group of our experimental task, where we observe and test the emergence of visual 
consciousness, are exactly children with the attention and hyperactivity disorder syndrome or 
the ADHD syndrome, whose results we compared to healthy participants of the same age. 
Exactly because of this, in this part of the master thesis, we will focus on the explanation of 
what the attention disorder with hyperactivity represents for a human living with the ADHD 
disorder; what it means for the child and the environment it lives in, what its frequency in the 
population is like and which are the neurobiological markers of this persisting psychiatric 
disorder, which is becoming more common year after year. 
  
The attention deficit hyperactivity disorder, or today also known as the ADHD syndrome 
(attention deficit hyperactivity disorder), is a disorder first mentioned by the Scottish physician 
Alexander Crichton in the year 1798, himself describing this disorder in the 18th century as a 
disorder of excessive carelessness. Approximately a century after him, the father of British 
pediatrics, Sir George Frederick Still, describes 43 cases of children that had manifold 
problems with self-regulation, attention, excessive emotionality, restlessness, but in spite all of 
these troubles, their intellect was normal and comparable to children not displaying these 
symptoms (Hughes & Cooper, 2007). 
The ADHD syndrome is classified among permanent neurological developmental disorders. 
The current statistic for the syndrome mentioned in the population is that the ADHD syndrome 
is supposed to affect 3 % to 9 % of children and adolescents and 4 % of adults worldwide. 
ADHD is a psychiatric disorder that also frequently presents itself concurrently with some 
other psychiatric disorder or at least heightens the risk of it developing. Genetic and 
environmental factors are those that are supposed to be responsible for the appearance of the 
ADHD syndrome in a child’s developmental period. The ADHD syndrome may present in 
many different ways, how it presents also depends on the developmental stage and the 
environmental context in which the person with this disorder lives (Faraone, et al., 2013). 
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 Definition of the Attention Deficit Hyperactivity Disorder 
(ADHD) 

 
ADHD, (Eng. attention deficit hyperactivity disorder), is a psychiatric disorder, defined under 
behavioral and emotional disorders. It is typical of the ADHD disorder that it appears and is 
recognizable in the period of childhood and adolescence. This developmental disorder is 
characterized by unsuitable levels of hyperactivity, impulsivity and carelessness (Tarver, et al., 
2014). 
The disorder where problems with inattention appear was named a developmental disorder 
with attention deficit and hyperactivity or ADHD, or defined, in the American diagnostic 
statistical handbook for mental disorders in the year 2013. This handbook also contains 
descriptions of different areas typical for the ADHD disorder, such as impulsivity, restlessness, 
inattention. It is exactly the descriptions of the handbook that help psychiatrists today with 
setting a diagnosis, since different criteria are described inside, as well as tangible guidelines 
for diagnosis of the ADHD syndrome (DSM-V, 2013). The attention deficit and hyperactivity 
disorder most prominently appears in the period of childhood, researchers find that it is most 
common between the third and seventh year of age. Professionals these days divide this more 
and more commonly noticed attention deficit into three types, namely: hyperactive-impulsive 
type, inattentive type, combined type. As hinted by the name, the hyperactive-impulsive type 
means that both the impulsive and hyperactive disorder present together for the child. For the 
inattentive type, the child’s weak point is staying focused on certain tasks, especially those for 
which it does not display special interest. For the combined type of ADHD it holds that all the 
symptoms are present at once, so that children that have the combined type of ADHD show 
signs of hyperactivity, impulsivity and attention deficit as well (Tarver, et al., 2014). 
 

 Neuroanatomical Correlates of the ADHD Syndrome  
 
Because certain symptoms of ADHD present themselves relatively early, we cannot rule out 
that the brain of such patients works differently than that of healthy people. 
Exactly because of this, researchers today are not only interested in the psychological view of 
the ADHD disorder, but are inspired to find early biomarkers or neurological correlates of 
symptoms in people who have the ADHD disorder, as compared to the normal population. 
Through different studies with brain imaging techniques, it was found that the brain of patients 
with the ADHD disorder has a different volume in different subcortical structures as compared 
to people who do not suffer from the ADHD disorder. This difference is much larger and more 
measurable in children compared to adults (Strong, et al., 2011). 
Today’s research on the ADHD syndrome places the most attention on research into the 
function of the prefrontal cortex, the function and response of the basal ganglia, examination 
of the corpus callosum and the cerebellum and the neural networks connecting these structures 
(Krain, Castellanos, F.X., 2006). 
Through studies dealing with anatomy, it was discovered that participants diagnosed with the 
ADHD syndrome, according to research and meta-analyses up to now, have a diminished brain 
volume (Castellanos & Acosta, 2004). In the research that had the largest statistical sample up 
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until now, 152 children with the ADHD syndrome, it was confirmed through the study that the 
volume of children with the ADHD syndrome is diminished by 3.2 % compared to a control 
group of children of the same age. In this study, there were 103 pharmacologically treated 
children and 49 children that had not yet received pharmacological therapy for attention deficit 
hyperactivity disorder. Exactly because of this, we can attribute the diminishment in brain 
volume to the syndrome itself, not because of pharmacological treatment from the side of 
medicine (Krain & Castellanos, 2006).  
The frontal cortex, which is important for higher cognitive functions, where executive 
functions are localized, gathered the most attention in ADHD syndrome research. Studies and 
manifold hypotheses focus on the functioning and observation of the volume of the frontal lobe, 
for which it was found in one of the studies that just the frontal lobe represents a 48 % decrease 
in total brain volume. Most importantly, the frontal cortex is that part that is supposed to be 
substantially smaller with the ADHD syndrome, compared to brains in the control group 
(Mostofsky, et al., 2003). Some studies that were carried out with this psychiatric disorder also 
showed certain asymmetries and differences in volume in the basal ganglia, but the results are 
not as evident as in studies researching irregularities in the prefrontal cortex (Krain & 
Castellanos, 2006). Because it is generally known that people with the attention deficit and 
hyperactivity disorder express problems with motoric movement coordination, scientists 
included the cerebellum in their hypotheses. With this anatomic structure, it was found that, 
like in the frontal parts, size is diminished in participants who were diagnosed with the ADHD 
syndrome. The anatomic structure of the cerebellum is through time becoming a more and 
more interesting structure for researchers of the ADHD disorder of the time. Different studies 
also showed variety in the proportion of grey and white matter. It was discovered that white 
matter is significantly decreased in parts of the prefrontal cortex in the group of children who 
were diagnosed with ADHD. Scientists found some differences in grey matter as well; it was 
proven in some studies that grey matter decreases in the regions of the posterior cingulate gyrus, 
the superior frontal gyrus and the putamen. However, some studies confirmed the opposite fact, 
namely an increase in grey matter density, mostly in the region of the posterior temporal lobe. 
In persons that had the ADHD syndrome diagnosed, the grey matter density in regions of the 
posterior temporal lobe was increased as much as 15–30 %. The increased density of grey 
matter and consequential decrease in white matter can also be found in regions of the right 
occipital lobe of persons with the ADHD syndrome (Krain & Castellanos, 2006). Studies 
carried out in the area of this behavioral disorder of attention with hyperactivity show a 
drawback, since most of these studies are done on male children, it is mainly just with them 
that the ADHD syndrome is more noticed and consequently diagnosed than the generation of 
girls. Even though there are rare studies researching the ADHD disorder in girls or the female 
population, despite the rarity, they bring results that correlate with the results of studies done 
on boys, thus both in boys as well as in girls a diminished brain volume is presented with the 
ADHD syndrome (Krain & Castellanos, 2006). Therefore, as evident from manifold studies, 
neural correlates of ADHD show as a reduction of volume in some lobes, mainly in the 
prefrontal cortex and some limbic structures. Differences in studies appear because of differing 
study conditions, different participant age, and the influence of past treatment. 
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 Frontal-Striatal-Cerebral Network 
 
Among the four lobes we differentiate in the human brain, the frontal lobe is the largest, located 
in front of the parietal and temporal lobe and composed of a left and right hemisphere. The 
dominant hemisphere of the frontal lobe houses Broca’s area, the center for speech production 
and the premotor and primary motor cortex is located in both hemispheres. It is important for 
attention retention, planning, abstract thought, maintaining motivation (Stuss & Knight, 2013). 
The thalamo-striato-cortical projection enables all of these processes. The activation of the 
striatal cortex is tested with an inhibitory type task; the results show a diminished activity of 
the striatum (Dickstein, et al., 2006). Studies that test the function of the frontal lobe mainly 
show diminished activation and consequently a lesser integration of individual regions 
necessary for inhibition and working memory processing. It is mainly a diminished activation 
of the anterior cingulate cortex. A task testing working memory functions shows substantially 
lesser activation of several frontal regions (Bush, et al., 1999, Silk, et al., 2005 and Vaidya, 
2011). Schulz and colleagues in their paper present opposite findings, namely increased 
activation in the anterior cingulate cortex and frontopolar areas, as well as strengthened 
connections between inhibitions in ventrolateral prefrontal cortical regions (Schulz, et al., 
2004). 
Opinions are also split on the functioning of the frontal cortex and the capability of inhibition. 
Some studies come to conclusions that increased activity in frontal regions means better 
inhibitory function. On the other hand, the study of Schulz and colleagues obtains opposite 
results, namely increased activity in frontal regions meaning lower inhibitory efficiency in the 
task. Differences in study results appear either because of different participant age or different 
test tasks used (Vaidya, et al., 2005, Schulz, et al., 2005, in Vaidya, 2011). 
 

 Mesolimbic Network 
 
The mesolimbic network or reward pathways are the dopamine pathways in the primate brain. 
The mesolimbic network connects the ventral tegmental area (VTA) and the midbrain, which 
communicates with the striatum, telencephalon and diencephalon. The reward-related part in 
the brain is the nucleus accumbens, also known as the pleasure center, and it plays a role in all 
sorts of addiction (Dreyer, 2010). 
The ventromedial prefrontal cortex, anterior cingulate gyrus, ventral striatal nucleus, amygdala, 
hippocampus and the mesolimbic and dopaminergic projections are those parts of the brain that 
show greater activation during a reward-related task. 
Using functional imaging methods, it was confirmed that a diminished activation of the ventral 
striatum and the orbitofrontal cortex appear in a group with the ADHD syndrome compared to 
a control group. In a study where the activation of individual neural correlates was tested by a 
game of chance, lesser activation was confirmed in the hippocampal region and the anterior 
cingulate area in an ADHD group when compared to a control group (Vaidya, 2011). 
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 Parietal-Temporal Regions 
 
The parietal lobe is separated from the frontal lobe by the central sulcus. The somatosensory 
center is found here and the image of a tiny human homunculus, drawing a complete map of 
the human body and controlling the sensation of sensory information throughout the body. The 
parietal lobe is the association lobe, where processes connecting sensory information take place, 
from the sensation of touch, hearing and sight. The dorsal visual perception pathway, known 
as the “where” pathway, also runs through here and enables us to detect an object in space 
(Pinel, 2007). 
 
Wernicke’s area is located in the temporal region, important for understanding speech. It is the 
primary auditory perception lobe and enables “high level” processing of auditory frequencies 
through the ear, the human organ of hearing. The temporal lobe is also the area of the ventral 
pathway, the “what” pathway, which enables identification of a visual stimulus, the area of the 
fusiform gyrus, which enables facial recognition and played an important evolutionary role in 
evolution. The temporal lobe plays a role in higher processing of visual information, such as 
the perception of specific detailed unites, perception of whole shape, perception of the color 
spectrum, the movement of a visual stimulus. It also has the main role of working memory with 
the hippocampus structure (Bear, 2007). 
The parietotemporal lobe has a function in visual spatial processing, in working memory, in 
the processing of auditory information. 
In a study testing activity in the parietal and temporal lobe region, a diminished activation was 
shown in the area of the right inferior parietal lobe, the superior parietal lobe and a diminished 
activation of the temporal lobe. The activation of individual regions was tested with a task of 
the visual-spatial type (Vance, et al., 2007). 
It is confirmed that an increased activation of the medial parietal lobe coincides with increased 
attention to a visual-spatial type task; the medial parietal lobe shows greater activation in a 
visual-spatial type task in participants with the ADHD syndrome compared to a control group 
(Vaidya, 2011). 
 
A task demanding attentional activation of an unintentional type, using fMRI methodology, 
shows decreased activation in the parahippocampal gyrus, amygdala, temporal gyrus and 
posterior cingulate lobe. A decrease in activation is also shown in regions of the parietal lobe 
as well as decreased activation of the left posterior medial temporal gyrus in the adolescent 
period of participants, diagnosed with the ADHD syndrome. From studies testing the activation 
of the parietal lobe as well as the temporal, results point to the posterior parts playing a key 
role in tasks including attention of both the intentional and unintentional type.  
An inhibitory type task shows increased activation of the temporal and parietal lobe in 
participants diagnosed with the ADHD syndrome (Vaidya, 2011). 
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 The Thalamus Structure in the ADHD Syndrome 
 
As apparent from the previous paragraph, neural correlates in the ADHD syndrome differ 
compared to healthy subjects, differences showing in cortical as well as subcortical structures, 
including the anterior cingulate cortex, temporal and posterior parietal cortex and deep brain 
structures, such as the thalamus (Cherkasova & Hechtman, 2009). 
As already mentioned, all sensorimotor information travels through the thalamus to the cortex 
and back to the thalamus with the help of feedback loops. Studies so far have shown certain 
irregularities in the thalamus structure in subjects with the ADHD syndrome and the difference 
also shows in a diminished volume of microcircuit white matter tracts connecting cortico-
thalamic regions and are important for retaining attention (Xia, et al., 2012). 
Cortico-striate-thalamic-cortical connections and feedback loops are important for the 
cognitive processing of the human brain and attention retention, mainly the thalamo-cortical 
loop, the thalamus, the prefrontal cortex. Studies using the fMRI methodology confirm a 
greater functional connectivity between the thalamus, hippocampus and amygdala, shown in a 
“resting state” task, irregularities show also in white matter between individual structures (Silk, 
et al., 2009). The pathological influence of the ADHD syndrome in a study using fMRI 
methodology is shown mainly in the ventral nucleus, medial dorsal nucleus and the pulvinar 
region of the left thalamus. All listed thalamus areas coordinate frontal and temporal regions 
in the human brain and cooperate in higher cognitive processes, attention retention and 
emotional processing (Xia, et al., 2012). 
 

 Neurobiological Framework of the Syndrome  
 
In the area of genetics, neuropsychology and neurobiology, a lot of progress has been seen in 
the past years, mostly in imaging methods used in many different studies. 
The purpose of this chapter is to describe diffuse modulatory systems or neurotransmitters that 
represent the neurobiological framework of the ADHD syndrome. 
 
We know today that the ADHD disorder is a consequence of a conceived biological basis and 
that this disorder is not primarily of behavioral origin or bad parenting, even though it is 
accompanied by impulsive and hyperactive behavior. Exactly because the disorder has a 
neurological and biological basis, we cannot, especially with children, prevent it only by 
change in parental upbringing or measures taken by schools.  
 
Information in the brain travels by synapse, but for information to be transferred from one cell 
to another, a chemical messenger plays a key role, called a neurotransmitter in neuroscience. 
Neurotransmitters attach to the receptor of another cell by a procedure of release or with the 
so-called reuptake method attach to the synapse of the source neuron (Bear, 2007). 
With great progress in neurobiology it was found that two key neurotransmitters take part in 
the manifestation of the ADHD syndrome, dopamine and norepinephrine, originating from the 
same group of amino acids, namely they belong in the small-molecule amino acids, more 
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precisely in the monoamine group (Pinel, 2007). The effect of their operation depends on the 
function of the receptors to which they attach themselves. As we shall see in the continuation, 
they are neurotransmitters in certain regions of the brain whose insufficient or excessive 
function has as a consequence the symptoms displayed by the neurological disorder ADHD 
Strong, et al., 2011). 
 

 Dopaminergic Theory in the ADHD Disorder 
 
Dopamine is a neurotransmitter that plays an important role mainly in the regions that regulate 
motor function in the brain. Its source in the brain is the substantia nigra and the ventral 
tegmental area (VTA). Dopamine is supposed to play an important role in reward systems, 
whose mode of regulation of the importance of reward is hidden in the function of the nucleus 
accumbens. The path of dopamine to the nucleus accumbens plays an important role in 
attention, and the interest in a certain task itself and the associated reward, and the reward 
system itself. 
As noticeable in the picture below, the neurotransmitter dopamine projects into the cortical 
structures in the human brain. Amidst the cortical structures belong those that are important for 
motor function and the conscious planning of a movement. The neurotransmitter also projects 
into brain regions that play a crucial part in emotional control, especially those that are 
important for the inhibition of negative emotion. The mesocortical dopamine pathway includes 
regions of the dorsolateral cortex as well, whose function is the efficiency of working memory. 
Excessive activation of dopamine that projects into the dorsolateral prefrontal cortex has as a 
consequence decreased cognitive flexibility, which means that with a person with ADHD a 
problem will appear with searching for certain alternative solutions and answers to a more 
demanding situation or task. In opposition to hyperactivity, lack of dopamine in orbitofrontal 
parts will result in impulsive behavior typical for the ADHD syndrome. As we can see, the 
neurotransmitter dopamine has a key role in the functioning of the prefrontal cortex and the 
operation of executive functions connected to it (Pliszka, et al., 1996). Hyperactivation of 
dopamine receptors will also show as repetitive behavior (Strong, et al., 2011). As was proven 
in different studies, dopamine is the main neurotransmitter whose incorrect function has the 
consequence of manifold behavioral symptoms expressed in the ADHD syndrome. 
The scientist Gonon in his study on rats demonstrates that the neurotransmitter dopamine is not 
the main neurotransmitter playing a key role in the decision-making processes (Gonon, 2009).  
Even though up until now many studies have been done in the area of research of the 
neurobiological framework of ADHD, opinions on the influence of dopamine in the ADHD 
syndrome are still divided, despite this more and more studies hint that it has a great importance 
in the occurrence of behavioral patterns with this symptom. Even though manifold studies 
prove that dopamine plays an important role in the reward system and everything associated 
with it, on the other hand studies prove that dopamine is not supposed to play an important role 
in the model of new learning. In a study on monkeys, it was proven that dopaminergic neurons 
should not play a key role in the decision-making process, even though this is one of the main 
hypotheses on the influence of dopamine in the ADHD syndrome (Gonon, 2009). Opinions 
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and results of studies differ, but the majority definitely shows that the neurotransmitter plays 
an important role in the attention deficit hyperactivity disorder. 
 

 
Figure 5: 
Figure 5 shows the mesocortical and mesolimbic pathways from the ventral tegmental area and 
substantia nigra. 
 

 Role of the Neurotransmitter Norepinephrine in the ADHD 
Syndrome 

 
Until today, manifold studies have also been done in the area of the function of the 
neurotransmitter norepinephrine and how its function and influence present in the ADHD 
disorder. Norepinephrine is a neurotransmitter that is formed in the locus coeruleus, which is a 
part of the reticular formation in the brain stem. It is known that the reticular formation plays 
an important role in the sleep-wake cycle and the ability to retain attention to a certain task 
(Pinel, 2007). The influence of the neurotransmitter norepinephrine presents mainly in the 
cortical structures of the parietal lobe and plays a major role that is connected to emotional 
events, memory regulation and it influences retention of attention. Studies have shown that 
increased activity of the neurotransmitter norepinephrine is reflected in behavior such as 
excessive restlessness (Strong, et al., 2011). It was also proven in different studies that 
norepinephrine plays a key role in solving different problems and that hyperactivation of 
norepinephrine presents as excessive restlessness and inability to focus on a task in persons 
with the ADHD syndrome. Studies that are more recent hint that the activity of norepinephrine 
receptors plays an important role in reception of information from the outside environment and 
the reception of sensory-type information from the outside world. It is also established that the 
diffuse modulatory systems of norepinephrine modulate manifold cognitive processes, 
including working memory, response inhibition or impulsivity (Franowicz, et. al., 2002). 
Norepinephrine systems also work on different levels and different cortical regions, despite the 
importance of the function of this neurotransmitter; Vanicek with his colleagues did not find a 
difference in his study while observing the norepinephrine network in individual cortical 
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regions between persons with the ADHD disorder and healthy participants (Vanicek, et al., 
2014). 
 
 

 
Figure 6: 
As we see, norepinephrine originates from the locus corelius formation, whose axons send 
information into the hypothalamus, cortical structures including the amygdala and the 
cerebellum. 
 
To summarize shortly, we can see that the ADHD disorder appears with the irregularity of 
function of several neurotransmitters and it is about some kind of imbalance, mainly between 
the dopamine and norepinephrine neurotransmitters. The ADHD disorder reveals an important 
part of the area of research into neurobiological function. Understanding the ADHD disorder 
on the level of the neuron means the successful treatment of this disorder both in the 
pharmacological as well as the non-pharmacological level and a better understanding of the 
attentional deficit hyperactivity disorder itself. 
 

 Genetic factors of the ADHD syndrome 
 
The theory that advocates that the source of the ADHD syndrome originates from genetic 
background treats ADHD mainly as a behavioral disorder, appearing during the interaction of 
genes and environment, which means that those children that have a predisposition for the 
genetic background and will grow up in a chaotic environment will develop the ADHD disorder 
(Johnston & Mash, 2001). 
Research into genetics and studies done in this area speak of the fact that the genetic structure 
of the ADHD syndrome is very complex and also prove that the occurrence of this disorder is 
mostly a state that appears due to heredity. Though research in this scientific area is still very 
rare today, they still bring discoveries on the influence of different genes thought to play a key 
role in the occurrence of the given disorder in the population. Heredity and frequency of the 
behavioral disorder ADHD is hinted by different studies that conclude that the possibility for 
the occurrence of ADHD in a child increases twofold if its biological parents also suffered from 
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this disorder and the same risk presents for the disorder also appearing in brothers or sisters in 
the same biological family. 
Science today through manifold studies attempts to confirm and define the genetic background 
of this psychological disorder. Even though some studies have been done in this direction, they 
cannot at present confirm exact genes that are supposed to influence ADHD, but through meta-
analysis of manifold studies, it was found that the region of genomes on chromosome 16 is 
supposed to appear multiple times when researching the genetics of the ADHD syndrome. In 
one of the studies, researchers also concluded that 18 genes and their connections should play 
a part in the behavioral disorder ADHD. This study is supposed to have also been carried out 
with the largest number of patients with the ADHD syndrome (Faraone, 2005). 
As already stated, the signs of the ADHD syndrome already start to appear in very early 
childhood, even though in science today exact arguments for the cause of its occurrence are 
not known, scientists are of the opinion that genetics and the co-influence of the environment 
have a large role in the occurrence of the syndrome. Therefore, science today, besides all of 
the possible genetic factors, also studies the possibility of influence by surroundings for the 
appearance of the ADHD syndrome (Deault, 2010). Influences that are supposed to be a key 
factor in the environment and that should contribute to the appearance of the ADHD syndrome 
are the following:  
 
o Smoking during pregnancy and use of alcohol in this phase. 
o Low birth weight. 
o Exposure to poisonous chemical substances. 
o Chaotic circumstances in the environment in which the child grows up. 
o Neglect and disregard by the parents. 
o Consumption of artificial additives in everyday diet. 
o Head injury or recovery from a serious illness in the period of early childhood. 
o Stressful situations and burdening factors (Tarver, et. al., 2014, Chandler & Parsons, 2015). 
 
Based on the reviewed literature we see that interest for the area of genetics is increasing. We 
also see that a lot of knowledge is already given on the role of certain neurotransmitters, 
mainly dopamine and norepinephrine, on specific receptors and that several meta-analyses 
point to the importance of the interaction of dopamine and norepinephrine on a certain 
genome.  
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 Disorder Frequency in the Population  
 
Considering the frequency of the ADHD syndrome across the globe, a recent study showed the 
current global level of this syndrome increasing from year to year while currently being at 
5.29 %. The concept and placement of the disorder into some definite framework started to 
appear in the USA at the end of the 50s, then spread around the whole world. However, ADHD 
is a syndrome, a behavioral disorder, appearing on all continents of the world and representing 
a global phenomenon (Smith, 2017). We also know today that the ADHD disorder 
accompanies a person through their entire life and does not end in the period of childhood. 
Today the percentage of the population in the adult period is supposed to be 2.5 % (Simon, et 
al., 2009). 
The largest percentage of the ADHD syndrome is in the population of schoolchildren and is 
supposed to be moving somewhere from 5–8 %, this percentage is also supposed to be rising 
year after year (DSM-v, 2013). The affected population mostly points to heterogeneity 
(Shimizu, et al., 2014). 
Even though Shimizu with his colleagues claims that the population is heterogeneous, which 
means that both genders are equally represented, the problem appears only in the perception of 
this syndrome, which differs between boys and girls. In boys, the syndrome presents as great 
hyperactivity, which means that it is much more disturbing for their surroundings and attracts 
more attention than girls, in which the syndrome presents in the form of disinterest and 
daydreaming, it is exactly this reason why more boys than girls are diagnosed with ADHD. 
 

 Characteristics of Children with ADHD Syndrome Subtype  
 
As we already mentioned, school attending children are most commonly diagnosed with 
ADHD. Today we know different subtypes of the ADHD disorder, which differ from each 
other between symptoms shown by persons/children. Symptoms presented therefore express 
the individual subtype of ADHD. Among them are the hyperactive/impulsive type, the 
inattentive type and the combined type of the ADHD syndrome. 
 
Many people, particularly children, diagnosed with the ADHD disorder, are often not capable 
of controlling their behavior; they are constantly moving and take unnecessary risks because 
of their impulsivity. The following symptoms are particularly distinctive for the 
hyperactive/impulsive type: 
 
o Inability to wait in line. 
o Interrupting when others are speaking. 
o Excessive talk, already in the childhood period as well as in the adult period. 
o They often answer a question even before it has been completely stated. 
o The symptom of hyperactivity shows in the inability of quiet peaceful play or task 

resolution. 
o Hyperactivity; constant movement, inability to sit in place. 
o Frequent movement of the torso, arms and legs in a sedentary position. 
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o They often rise and take a walk in situations when it is expected of them to sit. 
 
A child/person needs to show at least six of the above listed symptoms that a diagnosis is made 
of the ADHD syndrome of the hyperactive/impulsive subtype (DSM-V, 2013). 
 
The inattentive type has the consequence of inability to focus and mood swings. The 
symptoms of inattentive ADHD are the following: 
 
o Disobedience. 
o Inability of finishing a given task and retaining attention. 
o Difficulty of dealing with tasks requiring lasting focus. 
o Common loss of personal items. 
o Obviously poorer organizational skills. 
o Inability of planning; planning homework, tasks, goals. 
o They are more quickly disturbed by stimuli from their surroundings. 
o Common forgetfulness of everyday activities. 
o Disorder and inability of establishing order in school requisites, room and apartment 

tidiness. 
 

For a person to be diagnosed with the inattentive type they need to display at least six 
symptoms hinting to the inattentive type (DSM-V, 2013). 
For the combined type of the ADHD syndrome, the symptoms are in combination of the 
hyperactive/impulsive subtype and the inattentive subtype. 
In science today researchers mostly deal not only with psychological tests that distinguish the 
individual subtypes of the ADHD syndrome, but mainly wish to find brain tests that would 
distinguish individual subtypes of the ADHD syndrome. Researchers are of the opinion today 
that subtypes of the syndrome show different physiological profiles of the brain itself. 
A study where they wished to distinguish different subtypes of the ADHD syndrome with the 
EEG method showed that subtypes of the syndrome can be distinguished between some 
changes in the brain waveform itself, which is measured during the resolution of the given test 
task. The test task being resolved by the participants tests motor function and with it the 
planning of a specific movement (in this case the pressing of a button) and the capability of 
processing visual information given in the task (in which direction the arrow on the screen is 
pointing). 
In the study, which confirmed the correlation between brainwave activity and the specific 
subtype of the ADHD syndrome, 23 children with the ADHD syndrome were tested and 17 
without, their age was from 12 to 17 years. Participants in the study played a game where they 
had to tell the program in which direction the arrow they see on the screen in front of them is 
pointing. Statistical analysis of the study delivered differences between alpha and beta brain 
waves and the possibility of differentiating between the inattentive and combined type based 
on these waves. The analysis of alpha waves showed that children that were diagnosed with 
the inattentive type were not capable of precise processing/handling of important information 
of a visual nature in the given task. Beta wave analysis showed that teenagers of the combined 
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type showed bigger problems with pressing the button during the resolution of the task itself 
compared to the control group (MacGill, 2013). 
In the future, such studies and confirmation of the syndrome itself as well as the different 
subtypes of this behavioral disorder will bring much to the understanding and substantial easing 
of symptoms of both a pharmacological as well as a non-pharmacological source. 
 
As evident from previous studies and findings, the attention deficit hyperactivity disorder 
shows behavioral differences, differences in neurological correlates and from a neurobiological 
genetic viewpoint. Because the occurrence of the syndrome is ever wider in the population, the 
interest is also increasing in researching this neuropsychological disease and developing 
manifold tests, tasks, measuring differences in structure as well as functional difference 
between a healthy brain and an ADHD syndrome brain. Even though quite some studies have 
been done in this area, despite their numerosity, they are not so numerous in the field of 
research in visual consciousness in correlation with the ADHD syndrome, which is the basis 
of both the theoretical as well as empirical part of this master thesis. In the following chapter, 
we focus on the theoretical framework of visual consciousness from the eye to the cerebral 
cortex and present the bottom-up and top-down processing of visual stimuli inside the brain. 

4. VISUAL CONSCIOUSNESS 
 
As we know, all perceptual systems are important in the life of a human for functionality in the 
world. By perceptual systems, we mean hearing, smell, touch, taste and sight. In addition, it is 
exactly sight, which is one of the most important perceptual systems of man. Exactly visual 
information gives us a broader picture of the outside world that surrounds us and into which 
we are integrated every moment of life on the planet Earth. At first glance, the perception of 
the outside world may seem exceptionally simple, relatively plain. Nevertheless, when we look 
closer at how the visual system of a human works, we see that visual processing is actually a 
very if not exceptionally complicated series of electrochemical relations, arrange along the path 
leading between the eye and the human brain. 
 
These days the concept of visual consciousness is widely used, but in science we still do not 
find many definitions on the topic of visual consciousness, one of the few is the following, 
which states: visual consciousness is awareness and experience-appearance of the outside 
world through sight; which means to have visual perception, where visual perception means 
having knowledge about the visible world. The subjective experience of the visual world also 
belongs among visual perception; e.g. the experience of “red”, which transcends the simple 
knowledge itself that a stimulus is red in color (Teller, 2014). 
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 How We See  
 
As we already mentioned, visual information is one of the more important senses of our body, 
among other things exactly this information enables us to perceive at a distance, which enables 
us to perceive danger considerably earlier. Hence, receiving visual information is an 
exteroceptive perception and involves a bottom-up processing, starting with the reception of 
light on the retina and finishing with the processing of information in the neocortex (Gazzaniga, 
2013). 
 
In this chapter first we focus on the composition of the eye, which presents the first step to 
complex processing of information of the whole visual system, then present neural correlates 
of visual consciousness from a theoretical standpoint, individual regions, the what and where 
pathways, ending with theories of visual consciousness. Understanding how we see, how visual 
information travels in our brain, is crucial for understanding the processing of a visual stimulus 
in the task that we use in our empirical part to test the emergence of visual consciousness in 
children with the ADHD syndrome. 
 

 The Eye 
 
Our eye is composed of multiple interconnected parts that are important for our visual 
perception. 
Light enters the eye through the pupil; the iris, which also gives our eye a specific color and 
regulates the size of the pupil. 
In every eye, there is a lens, located right behind the pupil, and it plays an important part in 
projecting light to the retina. To see and perceive visual information we use detectors that are 
sensitive and responsive to light. The path that we see and perceive proceeds in the way that 
perceivable light goes through the lens on the eye, the information or image of the perceivable 
object is shown flipped to the backside of the eye, the part where the image is shown is called 
the retina (Gazzaniga, 2013). 
 
The retina in the eye gets the credit for light to transform into a neural signal. Today it is known 
that the retina is made up of more than 50 different types of neurons (Dacey, 2004). The 
thickness of the retina measures only 0.5 mm. Neurons in the retina are divided into layers, 
namely they are divided into 5 different layers, following one another in a horizontal order: 
receptors, horizontal cells, bipolar cells, amacrine cells and retinal ganglionic cells (Dacey, 
2004). Retinal ganglionic cells, which lie on the retina, are classified into magnocellular and 
parvocellular groups. Therefore, we have several types of retinoganglionic cells, ganglionic 
cells of type M and ganglionic cells of type P, and nonM-nonP ganglionic cells that respond 
differently to light and color (Bear, 2007). 
 
In the retina, we have double receptors called rods and cones. Cones are the photoreceptors 
sensitive to color, that play an important role in color vision. Cones contain photo pigments, 
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which are sensitive to different wavelengths of light (red, blue, green). The most cone-shaped 
receptors are found in the fovea. The fovea is specialized for fine and sharp details of the object 
observed (Pinel, 2009). Cones contain the pigment photopsin; they are most activated in 
daylight. Color does not exist in our physical real world, all that exists are waves of light that 
we perceive, but with these photoreceptors, we are capable of seeing the whole specter of the 
colors of the rainbow (Bear, 2007). The other type of photoreceptor are rods, these 
photoreceptors contain a pigment that is responsive in poor lighting. Because of this, their task 
is to provide vision at night. Rods contain the pigment rhodopsin, these photoreceptors also 
respond to light, but the pigment rhodopsin is quickly exhausted in light and at that time, the 
photoreceptor does not function anymore (Gazzaniga, 2013). Rod photoreceptors are located 
throughout the whole retina (Baars, 2010). 
Rod and cone photoreceptors are neurons that do not deal with the triggering of an action 
potential as well as receiving inhibitory and excitatory postsynaptic potentials. Photoreceptors 
of the eye are in essence translators of an outside light stimulus that we get from the 
surroundings into a so-called internal neural signal, which our human brain is capable of 
interpreting. 
The activity of manifold photoreceptors leads to us seeing color and being able to see the entire 
specter of colors of the rainbow (Gazzaniga, 2013). The number of existing photoreceptors on 
the retina of our eye is approximately 100 million, which is truly many considering the number 
of axons carrying information out of the eye to the central nervous system. There is only a good 
million of axons leaving the eye (Bear, 2007). 
So light first crosses all of the listed cells on the retina before coming to the receptors, and then 
transfers the neuronal signal outside to the optic nerve, formed of ganglionic cells. The 
neuronal signal leaves the eye at a point we call the blind spot (Pinel, 2009). 
 

 Neurological Pathways of Visual Perception  
 
In the brain, we have many pathways transferring visual information. The retino-geniculate-
striatal pathway is a pathway transferring signals from the retina through the optic chiasm to 
the lateral geniculate nucleus (LNG) to the primary visual cortex, which we also call the striate 
cortex or V1. 
Visual system information is transferred contra laterally, which means that the whole signal 
from the left visual field is transferred to the right primary visual cortex, meanwhile crossing 
the lateral geniculate nucleus of the thalamus (Tong, 2003). 
Axons arriving from the retina travel through three structures before synapsing in the brain 
stem. Components comprising part of the way of the travel of visual information follow 
sequentially, namely in the following manner: optical nervous system, optic chiasma and optic 
tract (Bear, 2007). 
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Figure 7: 
The Figure shows the processing of the visual stimulus of the individual eye into the visual 
field shown, and the pathways of the left and right optic nerve. 
 
The left and right optic nerve leave the left and right eye. This pathway is called the 
retinofungal projection. The optic chiasm is the point where the left and right nerve join and 
form the shape of the letter X. The place of the optic chiasm is at the foot of the brain and 
before the optic chiasm lies the hypophysis. At the optic chiasm, the axons originating from 
the nasal retinas of the left and right eye cross and continue the path on the contralateral side. 
After the optic chiasm, the axons continue their path along the left and right optic tract (Bear, 
2007). 
 

 Lateral Geniculate Nucleus 
 
Neurons of the lateral geniculate nucleus (LGN) or neurons of the dorsal thalamus cause axons 
that travel to the primary cortex of the visual cortex, to the occipital lobe. We call this optic 
radiation (Bear, 2007). 
A lesion on the way from the eye to the lateral geniculate nucleus and from the lateral 
geniculate nucleus to the primary visual cortex causes blindness in people. Exactly because of 
research on lesions and pathways, we know that this pathway is important for conscious 
perception of visual information, since if it is damaged in any way, this prevents us from 
visually perceiving the outside world (Bear, 2007).  
The lateral geniculate nucleus (LGN) of the thalamus is composed of six layers and every one 
of these layers collects information from all parts of the contralateral side, so three parts obtain 
information from the right eye, and three parts obtain information from the left eye (Baars, 
2010). Ventral layers of the LGN are called magnocellular LGN layers. It follows from this 
that type M retinoganglionic cells found in the retina are classified into magnocellular layers 
of the lateral geniculate nucleus. Type P retinoganglionic cells are classified into parvocellular 
layers of the lateral geniculate nucleus of the dorsal thalamus, the coniocellular layer responds 
to type S cells and acts as an interface between the parvocellular and magnocellular layers 
(Bear, 2007).  
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Cones are photoreceptors that receive the most input from the parvocellular level. In addition, 
cones are those photoreceptors that process information from the magnocellular level. Neurons 
whose cellular nuclei are small are a component of the parvocellular layer (the word “parvo” 
means “little”). These little neurons of the parvocellular layer of the lateral geniculate nucleus 
are just those neurons that respond to individual details of the perceivable stimulus. Therefore, 
they respond mainly to color and important little details of the perceivable visual stimulus. 
Neurons with large cellular bodies construct magnocellular layers, “big” neurons are those, 
which respond to the movement of the observed object. Neurons of both layers, the 
parvocellular as well as the magnocellular, lie in different regions of the striate cortex and in 
other regions of the visual system outside of the striate cortex (Pinel, 2009). 
Exactly because of the interesting structure of the lateral geniculate nucleus, the layer structure, 
the idea appears that information from both retinas in the lateral geniculate nucleus are 
processed in parallel (Bear, 2007). The neurons of the lateral geniculate nucleus play an 
important role in top-down visual processing, and the retention of feedback loops between the 
primary cortex (V1) and the thalamus (Briggs & Usrey, 2011). 
 
As we know, the human cerebral cortex is divided into several functional areas such as motorics, 
sensorics, auditory and visual perception, and abstract thought. 
Among these functional regions is the occipital lobe, the part that receives the most information 
of the visual type, here lies the primary visual cortex, which in primates is also called 
Brodman’s area 17, VI or the striate cortex (Bear, 2007). 
Cortical neurons in the primary cortex in V1 are sensitive to orientation, direction and color 
(Baars, 2010). The entire visual system is organized as some kind of map of the retina; exactly 
due to this, we say that the visual system is organized retinotopically (Bear, 2007). The largest 
part of the primary visual cortex is taken up by the region of the fovea, even though this part 
composes only a very small part of the retina (Pinel, 2009). Layers in the striate cortex divide 
cortical neurons and different cellular layers are named with roman numerals VI, V, IV, III and 
II. The firs layer, layer I, which lies immediately under the pia mater, does not contain cell 
bodies, but is mostly composed of dendrites and axons of neurons located in higher levels. In 
this part of the cortex, most neurons are star-shaped, pyramidal cells or spinal cells. Spinal cells 
are tiny neurons, it is known for pyramidal cells that they have one dendrite that splits and so 
assumes the shape of a pyramid. Neurons of the pyramidal shape are those neurons that with 
their axons form connections with other parts of the brain outside of the striate cortex. Axons 
of star-shaped cells form only local connections inside the striate cortex. Cortical neurons in 
layer II and layer III have a key role in processing visual information from V1 into other cortical 
regions. Exactly because of the conservation of the fact that the neocortex is composed of 6 
cell layers, the layers are divided into sublayers. In truth, there are nine layers, neuroanatomists 
add 3 layers to layer IV and tag them with the following levels: IVA, IVB and IVC. The last 
level IVC is also divided into two other levels called IVCa and IVCb. Most of the neurons 
sensitive to color lie outside of the IVC layer (Bear, 2007). 
When information is processed out of the retina into the primary visual cortex, it travels onward 
to the secondary visual regions and then to higher regions of the associational cortex, posterior 
parietal cortex, which combines information from other sensory regions (Pinel, 2009). 
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In science, Hubel and Wiesel, who also received the Nobel Prize in the year 1981, contributed 
the most to the understanding and function of individual layers of the cerebral cortex and the 
physiology of the striate cortex. Their research was mostly on cats and later also on monkeys 
(Bear, 2007). 
It is listed in many sources that the visual system of the cortex is like some kind of a map of 
the retina. This is however not so, even though connections between the retina and the striate 
cortex enable image transfer from the retina to the striate cortex, we know today that our 
perception of the outside world is based mainly on the interpretation of patterns interpreted by 
our brain (Bear, 2007). When for example we observe and look at a certain object, the 
information processed by our visual system mostly refers to the edges and location of the object 
observed and our brain or our visual cortex constructs a visible whole of the perceivable object 
from the information given (Pinel, 2009). 
 

 Regions of the Visual Cortex 
 
Various studies that scientists performed on macaque monkeys have given us wide discoveries 
on the function of the primate visual system. Thus, we know today that regions of the visual 
cortex do not have a strict hierarchical order, but it is still possible to note among them that 
“higher” lying regions of the visual cortex are activated for complex and specialized visual 
projection. By complex visual projection, we mainly mean detection of movement and 
detection of fine detail, colors among them. 
These days there is already a wide amount of knowledge in science on different visual pathways 
in our brain. 
Thus, we know that visual information flows from the primary cortex along two different 
neuronal, but interconnected neuronal pathway, which we call the dorsal and ventral stream. 
Some also call them the “what” and “where” pathway (Ungerleider, 1982). 

 

 
 
Figure 8: 
The figure shows the course of the dorsal and ventral paths of the visual system. 
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 Dorsal Stream 
 
The dorsal stream is a stream running from the primary visual cortex onward to the dorsal 
prestriate cortex, more specifically from V1 to the visual area of the cortex MT or V5, the 
region, specialized for movement and then continues on its way to the posterior parietal cortex 
in the human brain. With different studies, scientists came to the discovery that neurons that 
are part of the pathway where the dorsal stream extends are mainly for location of the visual 
stimulus. Neurons in this place are also sensitive to the movement of the object observed (Pinel, 
2007). 

We have an area in the parietal lobe called MT or V5 and it is an area that activates when we 
observe moving objects. In the MTS region, which is right next to the MT area, there is a group 
of neurons that are especially sensitive to more complex movement, as is movement of the 
radial type, linear movement, circular movement, movement inside and movement outside. 
Patients with a lesion in the MT/V5 area are not capable of perceiving the observed object. 
Their perception of movement is similar to watching pictures where the observed object is first 
very far and very close in the next moment. This phenomenon is called akinesthesia (Bear, 
2007). 

 Ventral stream 
 
The ventral stream is a region running parallel to the dorsal stream, from V1, V2, V3, and V4 
towards the temporal lobe. In opposition to neurons in the dorsal stream, neurons in the ventral 
stream are sensitive to a specific color and a specific class of the object observed. Under 
specific class we are thinking of classification of the object, such as face recognition, 
recognition of writing, recognition of numbers, recognition of animals, recognition of tools and 
so on (Reddy & Kanwisher, 2006). The V4 area is one of those areas that is up to today the 
most researched part of the ventral stream and lies in the lower part of the temporal lobe, called 
IT. The V4 area is important for the recognition of different shapes and colors of the observed 
object. Scientists through study of patients who despite good functioning of photoreceptors on 
the retina did not perceive color discovered characteristics of the V4 area. Their experience of 
the outside world was in manifold shades of gray. People in which a lesion in the V4 area is 
determined lose the capability of color perception, the perception of color vision. Today this is 
called achromatopsia or color blindness. In the IT area, a small percentage of neurons that react 
to face recognition is also found. This is the area of the fusiform gyrus. If this region is damaged, 
the human will no longer have the ability to recognize an already known face. Prosopagnosia 
will occur, the inability of recognizing a face (Bear, 2007). 

So if we take a look at the characteristics of both streams, a “WHAT” and “WHERE” pathways 
are actually in question, such a nomenclature was also confirmed by individual lesions, which 
gave science the knowledge of how an individual deficit or lesion in a certain area of the visual 
system influences our perception of the outside world (Haxby & Ungerleider, 1994). Goodale 
and Milner (1992) say that for direct interaction with an object, the dorsal pathway is important, 
which tells us where in the observed space the object is found. While the ventral path takes 
credit for conscious experience of the observed object. They also say that the type of 
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information is not important but that the use of the given information itself is important. Their 
theory also claims that the key to conscious experience of an object is hidden exactly in the 
ventral stream and that this part of the visual system is the one that is important for visual 
consciousness (Milner & Goodale, 1992). Goodale also suggested that ventral stream is 
important trough evolutionary aspect (Goodale, 2004 and Pinel, 2007). 

 Visual Cortex (V1) Involvement in Visual Consciousness 
 
Based on hierarchic models of visual information processing, only higher-level regions, the 
region next to the primary visual cortex, which includes V2, V3, V4, V5-MT directly 
influences conscious visual experience. The role of the primary V1 cortex is only providing 
information to higher parts of the cortical hierarchy. This view between higher-level and lower-
level regions and function between regions was greatly shaken by blindsight, where regions in 
the primary (V1) region disable awareness of the visual stimulus, while extrastriatal regions 
outside of the V1 area remain capable of processing information in a non-conscious way. The 
main characteristic of blindsight, where a lesion is in the primary visual area, V1 disables visual 
awareness, while extrastriatal regions that lie outside of the V1 area can still process visual 
input data, but in a non-conscious way (Rodman, 1989). Therefore, shortly, patients with a 
lesion in V1 are still capable of perceiving stimuli, though in a non-conscious way. Many 
studies point to the region of the primary cortex V1 being important for visual experience and 
V5-MT activation. 

 
Figure 9:  
Visuals areas in the human brain.  
 
Crick and Koch (1995), however, do not agree with this view that activity of the primary cortex 
is necessary for conscious perception. Even though they are of a different opinion, they do not 
deny the importance of the activation of the primary cortex and they admit that activation of 
the primary cortex is definitely important for normal vision. Their hypothesis states that activity 
of the primary visual cortex V1 area does not yet lead directly to visual consciousness. Their 
opinion is that what is important or crucial for visual consciousness is the activity of higher 
visual regions (V4, V5-MT), which are also directly linked to the prefrontal regions of the 
association cortex (Crick & Koch, 1995). 
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 Feedback Loops in Visual Processing  
 
An important role in visual processing is played by feedback loops, since the activity in the 
striatal cortex V1 response to return information from extrastriatal regions, so the V3, V4, 
V5/MT regions, should be associated with visual awareness. The activity of neurons active 
during the processing of a visual stimulus is quickly redirected to various visual regions and 
horizontal-type connections between primary and secondary visual regions play an important 
role in visual processing and perception of visual input (Lamme & Roelfsema, 2000). 
 
In the past, scientists working in the field of visual consciousness were certain that visual 
processing is a bottom-up process from the cornea towards the cortical areas of the brain. Today 
many studies focus on the research of feedback loops inside individual correlates of visual 
processing. It is hinted that top-down processes (feedback loops) in visual processing cause 
visual consciousness and feedback loops from secondary areas to the primary visual cortex are 
key for conscious visual processing (Ro, et al., 2003). 
 

 Feedback Loop from the Primary Visual Cortex (V1) to the 
Thalamus 

Cortico-thalamic feedback loops enable the thalamus and cortex a constant connection of flow 
of sensory information so that the cortex has the possibility of constant influence on the 
thalamus and information input. The role of feedback loops is the sharpening of receptive fields, 
control of thalamic neurons and strengthening of reverse sensory signals (Briggs & Usrey, 
2011). 

The organization of cortico-geniculate neurons and connections running between the cortex 
and the lateral geniculate nucleus is directed towards parallel processing. In the previous 
chapter, we mention classes of neurons of the lateral geniculate nucleus – the magnocellular, 
parvocellular and konicellular class of neurons that function as intermediaries between the 
magnocellular and parvocellular class of neurons. All classes of lateral geniculate nucleus 
neurons send input to the primary visual cortex V1 (Briggs & Usrey, 2011). 

Cortico-geniculate neurons, which play an important role in the feedback loop between the 
cortex and the thalamus, have a pyramidal cell body shape and are located in layer VI, while 
their axons reach to thalamic reticular neurons and the lateral geniculate nucleus. They use the 
neurotransmitter glutamate for synaptic transfer, which is of the excitatory type (Briggs & 
Usrey, 2009). As mentioned in the first paragraph, neurons of the lateral geniculate nucleus 
receive more information with a feedback loop from cortical-geniculate neurons than form 
neurons positioned on the retina of the eye and the feedback loop is also made up of different 
currents, connecting magnocellular, parvocellular and koniocellular classes of neurons, 
sensitive to specific stimuli and different temporal frequencies and enable the processing of 
visual-type information. Cortico-geniculate neurons have the possibility of influencing the 
thalamic reticular nucleus, which has the consequence of an inhibitory or excitatory influence 
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on the lateral geniculate nucleus (Landisman & Connors, 2007, Cruikshank, et al., 2010). 
Studies up to now also hint at cortico-geniculate neurons playing a role in attention modulation 
of the lateral geniculate nucleus, a specific class of neurons. (Vanduffel, et al., 2000). 

We can thus conclude that the thalamus structure plays an important role in the interpretation 
and creation of a map of the external world surrounding us. All feedback loops between the 
cortex and the thalamus in the brain also represent top-down processes, which play an 
important role in the production of consciousness. 

5. NEURAL CORELATES OF VISUAL CONSCIOUSNESS  
 
The prevailing opinion in the philosophy of consciousness is that states of some neuronal 
circuits in the visual system are responsible for visual consciousness. This part of visual 
neurons, which is supposed to take credit for visual consciousness, is called the locus bridge 
(Teller & Pugh, 1983, Teller, 2014) or the neural correlates of consciousness (Crick & Koch, 
1990). Opinions of scientists differ, thus Crick and Koch are of the opinion that neuronal 
correlates of consciousness are limited to a small amount of neurons (Crick & Koch, 1990). 
Milner and Goodale, as was already hinted above, are of the opinion that an important neuronal 
correlate for consciousness resides in the ventral stream and not the dorsal stream (Milner & 
Goodale, 1995). 
 

 Neurobiological Framework for Studying Consciousness  
 
The framework described by Crick and Koch in their paper offers us a proportionate scheme 
that explains neural correlations of visual consciousness. They are also of the opinion that when 
all neural correlates of consciousness are explained, the problem of qualia, the hard problem 
of consciousness will become clearer. It is known that one of the main functions of the sensory 
cortex is to use detectors for movement, detectors that are important for spatial orientation and 
detectors with which we recognize the faces of people, the face recognition center, known in 
neuroscience as the fusiform gyrus. Cortical neurons are connected to each other 
multidimensionality, which in practice means that one neuron responds to several different 
functions from different areas and not just one (Crick &  Koch, 2003). The visual system is 
organized hierarchically, so the rule holds that visual fields of neurons in higher lying areas in 
the secondary and association cortex are higher and respond to more complex characteristics 
than those lying solely in the primary cortex (Bear, 2007). 
Neurons connect to each other with the help of common correlations and by neurons 
discovering common correlations between each other and the function of interconnected 
functions, the synapses between them also change (Crick & Koch, 2003). This phenomenon is 
explained in more detail by Hebb’s rule, which gets its name from its author Donald O. Hebb. 
Hebb’s rule or in other words Hebb’s synapse is an elementary particle that explains the 
concept and origin of plasticity, the interweaving of synapses and their mutual connections. 
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Hebb’s Rule: 
o Hebb’s rule explains in more detail the function of individual groups of neurons that are in 

constant interaction with one another. If we take a look at a case, when the axon of cell A 
is close enough to cell B to activate cell B, so it fires at cell B, if this activation between 
cell A and B repeats multiple times and the cells work together more often, changes occur 
in the connection between cell A and cell B. Shortly, there is growth, and connections 
between cell A and cell B become stronger and more efficient. Synapses that start firing 
according to the above procedure become Hebb’s synapses (Brown & Milner, 2003). 

 
Hebb, with his co-worker N. W. Morton also developed the first verbal (the Verbal Adult 
Comprehension Test) and non-verbal test (Non-verbal Picture Anomaly Test) in the field of 
neuropsychology. Exactly with the non-verbal test, Hebb and Morton first showed that the right 
temporal lobe of the brain is also included in visual recognition (Brown & Milner, 2003). 
Hebb’s learning rule reminds us of the function of the Malsburg synapses, which we mention 
in the first paragraph of this work, and which are important for understanding the attentional 
searchlight hypothesis of the researcher Francis Crick. The difference is only that the Malsburg 
synapses are activated for a shorter time compared to those that become stronger and 
consequently change according to Hebb’s rule, creating permanent changes in the connection 
between individual neurons. 
 
After reviewing the literature, it is evident that for visual consciousness, the collective function 
of multiple neural correlates is important, for the bottom-up process taking place from the eye 
itself through the lateral geniculate nucleus to the human cerebral cortex. The production of 
visual consciousness is also top-down processing of visual stimuli, carried out by the activation 
of feedback loops between the thalamus and the cortex and back, and the higher region of 
associational cortices reversely back toward the primary regions of the human brain. 
In the test task that we use in the empirical part, we test and compare the results of functioning, 
mostly of the ventral pathway, which is important for the recognition of objects and, as hinted 
by Millner and Goodale, also responsible for consciousness itself (Millner & Goodale, 1992). 
 

 Primary and Secondary Data Processing  
 
The primary level of data processing is presented by bottom-up perception of the visual 
stimulus from the retina to the primary cortex. Secondary data processing takes place when 
secondary regions send the received information to the primary source area due to the 
verification of data validity itself and the repeat processing of the visual stimulus. 
Understanding of the top-down processing of the stimulus gives us a wider picture of how the 
visual system encodes the obtained visual data and then represents them. A study done on mice 
showed that as much as 20 % of neural activity in the primary visual cortex V1 is a consequence 
of activity due to processing of return information through feedback loops. 
Such feedback loop connections and neural processing are characteristic for all sensory regions. 
It is evident from the studied literature that, in the emergence of visual consciousness and data 
processing, given information and its processing from higher into lower cortical regions is 
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concerned. The interaction of corticocortical and subcortical neural pathways of the visual 
system including the associational cortex (Pafundo, et al., 2016) thus enable the highest visual 
stimulus processing. 
 

 Top-Down Data Processing Process 
 
A visual stimulus travels through the eyes over the lateral geniculate nucleus to the brain’s 
visual cortex. Using feedback loops and top-down processes, visual information is processed 
in multiple levels and then sent into the associational region of the brain. (Kinchla, & Wolfe, 
1979) 
Associational region is the part where the last phase of the decision is reached and the final 
representation of the visual stimulus. 
Many studies have been done in this area, mostly those researching the bottom-up process of 
visual reception, but fewer studies focus on the topic of researching top-down processing of 
visual stimuli and individual feedback loops. 
It is exactly the understanding of top-down data processing that reveals an understanding of 
brain function on higher levels of processing and perception of reality and is key to 
consciousness itself. 
A good example of the use of top-down visual stimulus processing is blindsight or visual 
processing without awareness. 
 

 Visual Processing without Awareness  
 
Much was brought to the understanding of the awareness of consciousness by manifold brain 
studies, both of a neuroanatomical and an electrophysiological nature. Different phenomena in 
science also contribute to the understanding of the nature of human perceptual processes itself. 
One such phenomenon is blindsight. The phenomenon of blindsight is the one that shows us 
the mode of visual processing from a different viewpoint. People that have a damaged primary 
visual cortex, the V1 area of the occipital lobe, are not capable of processing visual information 
and so are cortically blind. Researchers found through study and observation of this cortical 
blindness that people are capable of processing and perception of a stimulus on a non-conscious 
level despite cortical blindness, which today is called blindsight. Persons with blindsight can 
thus identify or point to a stimulus even though they claim that they do not see it on a conscious 
level and are not consciously aware of it. By observing and researching the blindsight 
phenomenon researchers came to conclusions that in blindsight with damage to the V1 visual 
area the stimulus of visual processing is not lost, but the ability of the person to make conscious 
a stimulus of the visual type is lost (Danckert & Goodale, 2000). Exactly the phenomenon of 
blindsight is the one that confirms for science that despite the inability to process information 
in V1, secondary pathways that are necessary in visual stimulus processing are still working 
(Poppel, et al., 1973). Researchers, by observing blindsight and considering characteristic 
symptoms, divided it into two subtypes. Namely blindsight, for which it holds that the patients, 
despite perceiving the stimulus throughout the task, do not report on their own awareness of 
the perception of the stimulus. For the other subtype, people report on sensation and perception 
on a first-person level, even though despite experiencing the individual visual stimulus, they 
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still cannot see it (Kenrtridge, 2014). With the help of the definition of these two subtypes of 
the blindsight phenomenon and comparison of subtype 1 and subtype 2, researchers gained 
better understanding of the functioning of neural correlates of visual consciousness. Thus in a 
study, where they compared the function of neural correlates between individual subtypes of 
blindsight, researchers found in subtype 2, where the person is aware of the external visual 
stimulus with first-person sensation, activity of the frontal regions of the human brain, which 
were in correlation with the awareness of the given visual stimulus itself. Despite 
differentiating between subtypes of blindsight, in the area of science a divided opinion prevails 
on the classification of the categories of the phenomenon described (Zeki & Ffytche, 1998 in 
Balsdon & Azzopardi 2014). 
 
In understanding and researching feedback loops, optical illusions are those that give us an 
insight into coded information or information that the brain cannot detect despite processing 
data on multiple levels. 
 

  Ambiguous Visual Stimulus Processing  
 
In perception of optical illusions, ambiguous processing may take place. A characteristic of 
ambiguous illusions is that two stimuli of the same strength keep up with each other in a similar 
way. Life, way of life and life learning inserts an image of the world into our neural system 
and exactly this inserted knowledge plays a key role in recognition of ambiguous stimuli or the 
stimulus out of the chosen two that we will recognize. Emotion and motivation prevail in the 
recognition of equivalent stimuli in the nervous system (Scocchia, et al., 2014). 
Ambiguous processing based on optical illusions offers us a large spectrum of top-down 
processes research in visual integration. Top-down influence and ambiguous processing in the 
visual system are dependent on genetics itself and the life of an individual and may differ in 
the timeline of life, which can, so to say, also be determined by ambiguous processing from 
this point of view. 
Higher information processing, as opposed to life experience, enables insight into more visual 
stimuli and a conscious switch between them as well. Most studies these days therefore focus 
on researching differences in ambiguous processing, including attentional mechanisms in data 
processing as well as the effect of previous knowledge of every individual where the current 
state of consciousness, which is important for processing an ambiguous stimulus, does not play 
a role. We thus differentiate between stable and unstable influences of the processing of an 
ambiguous stimulus. Stable states of ambiguous visual processing include different aspects that 
are interdependent of the difference in genetic makeup itself and the previous life experience 
of the individual. Unstable influence or prior momentary manipulation of a visual stimulus is 
presented by the cognitive control of the individual, such as maintaining attention, working 
memory, stimulus adaptation (Scocchia, et al., 2014). 
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Figure 10:  
Figure 10 shows stable, intermediate and unstable influences on top-down processing of a 
visual stimulus. The blue line shows unstable influences or the current influences on a given 
visual stimulus. The purple line shows intermediate influences, not researched yet today, and 
the red line is a depiction of stable influences, which influence the given ambiguous visual 
stimulus. 
 

 Optical Illusions 
 
Optical illusions are used to prove that all of our perception is an illusion. They help modern 
neuroscience in understanding the representation of the outside world. Optical illusions are 
used for better understanding visual processing and understanding perception. An optical 
illusion shows us when our brain is not capable of processing information data of the physical 
world and based on research gives us a wider framework and model that the human brain uses 
in the interpretation of external reality. Success efficiency of an optical illusion depends on the 
cooperation of light, shadow play, specific color and line usage (Bach & Poloschek, 2006). 
 
Optical illusions let modern neuroscience study a framework of how our brain makes sense of 
the reality of the outside world. Studying the framework of optical illusions, modern 
neuroscience can build a framework of computational methods, explaining how the human 
brain interprets a given visual stimulus and how it is integrated in unsuccessful perception of 
optical illusions (Martinez-Conde, 2013). 
 
A good example of ambiguous processing is the Necker’s Cube illusion, first described by 
Louis Albert Necker (1786-1861). The illusion, which is essentially a 2D projection, is 
perceived as a 3D projection that appears in multiple perspectives. The Necker’s Cube illusion 
is used for testing computer models of the human visual system. 
With the Necker’s Cube illusion our visual system chooses an interpretation of every part and 
interprets the whole of the cube, which we see in one moment from the bottom up, but in the 
moment of a gestalt switch we see the cube top down. In the Necker’s Cube illusion, we can 
regulate the gestalt switch by focusing on an individual part. The Necker’s Cube model proves 
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that the visual stimulus is bound to a single interpretation in a certain point in time (Kornmeier 
& Bach, 2005). 

 

 
 
Figure 11: 
Demonstration of the Necker’s Cube optical illusion; using the gestalt switch in one stimulus, 
the cube is revealed to us from a top-down view, and in another case our visual system detects 
the Necker’s Cube from the bottom up.  
 
Researching optical illusions in neuroscience hands us a key to researching the unconscious 
part of visual stimulus processing that happens between feedback loops while processing the 
given information on the level of neurological correlate activation. 
A study researching the activation of neurological correlates in the Necker’s Cube optical 
illusion confirms that when processing ambiguous visual stimulus higher lying cortical regions 
are activated – the parietal and frontal lobe, increased activity of top-down connections 
between the anterior and posterior associational cortex. Neurological correlates that are 
activated in an ambiguous stimulus task are localized in the posterior visual area, higher-lying 
regions in the fronto-parietal lobe and temporal regions. In this way, the gestalt switch strongly 
provokes top-down processes between the higher lying to the lower-lying cortical regions 
cooperating in the production of visual consciousness (Wang, et al., 2013). 
 
Considering visual processing optical illusions are a matter of top-down data processing and 
feedback loop use. In illusion perception the retinal activity is constant, but the comprehension 
of the human brain is a different story, receiving certain inputs on one side, giving certain 
outputs on the other, while the internal information processing happening between the input 
and the output itself does not enter into conscious perception and happens on a subconscious 
level, using top-down visual stimulus processing. Even though the subject is aware of the 
illusion, the visual system is “cognitively impermeable” for the internal function of visual 
system processes that process visual stimulus data and it is hard to control the gestalt switch 
that appears when switching between given stimuli (Kornmeier & Bach, 2012). 
 
Another example of ambiguous processing is the Rubin’s Vase optical illusion, first described 
by Edgar John Rubin (1886–1951), a Danish psychologist and philosopher. Rubin’s Vase falls 
into the ambiguous illusion class. 
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Figure 12: 
The figure shows the illusion of Rubin’s Vase where, with the gestalt switch, we perceive in 
one moment a vase and in another moment two faces. 
Rubin’s Vase is only an example of multiple ambiguous illusions that we know in modern 
psychology and contributes to composing a framework of top-down data processing inside the 
visual system on a subconscious level. 
 
Next to ambiguous stimuli and optical illusion, the “rotating snakes” illusion, developed by 
professor Kitaoka, is also interesting. A study with fMRI methodology showed an increased 
activation in the area of the MT region, the region responsible for detection of moving objects. 
While processing the moving optical illusion, motion sensitive neurons located in the MT area 
are activated. The optical illusion works by activating neurons towards an individual direction, 
when neurons for a particular direction tire, the activity of neurons for the opposite direction is 
turned on, which leads to the brain seeing the image as a moving mobile picture (Basch & 
Poloschek, 2006). A second theory suggests that fast eye movement called cascade aids 
perception of movement of the visual stimulus. 
 

 

 
Figure 13: 
The figure shows Kitaoka “Rotating Snakes”. 
 
Our brain controls how we perceive optical illusions, and is also capable of making a visible 
three-dimensional object, from a two-dimensional item. 
The interpretation of coded information received from the outside world is thus dependent on 
the activation of neurons specialized for details of the given image from the retina. There are 
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thus neurons in the brain that are specialized for shape and color, located in the temporal lobe, 
and neurons that are specialized for movement that are in the MT area, and represent top-down 
data processing (Bear, 2007). Specific neurons compete with each other during visual stimulus 
processing and ”winner” neurons pass the perception of the visual stimulus of the optical 
illusion, which is represented by our brain. 
 

Studies based on optical illusion bring results that greatly contribute to the understanding of 
top-down processes in visual processing. 
The newly introduced paradigm of Dr. Zoltán Nádasdy, which we use in the empirical part of 
this master's thesis also looks into top-down processing of a visual stimulus and the point of 
emergence of visual consciousness and affords us the option of measuring multiple visual 
stimuli and processing the measurements. 
 

 Insight Learning 
 
One of the beginners of Gestalt psychology, Wolfgang Köhler, with his experiment on apes 
first describes the behavioral process of learning, the insight learning method that he developed 
while observing apes. 
 
A chimpanzee named Sultan was given a short and a long stick, outside his enclosure and his 
reach, a bunch of bananas was placed. Sultan used the insight learning method to reach the 
bananas. Trying both of the sticks, he could not reach the bananas. The next moment after a 
short break he experienced an “Aha!” moment, when he realized that he can join the sticks and 
so reach the bunch of bananas. He used the insight learning method (Köhler, 1999). 
 
Insight learning presents a solution to a problem with a sudden solution, without prior practice 
or knowledge of the problem. Insight learning presents composing relevant information and 
testing the given as well as concealed solution options. Moreover, awareness is key in relation 
between cause and effect. Characteristic for insight learning is a sudden solution of the problem, 
happening based on subconscious processing. Even though insight learning is not systematic 
solving, it is still possible to detect a certain succession of the solution in the insight learning 
method. The first step is the period before the solution, a period of intense research or work 
pertaining to a certain area. In the period of inactivity there is a mental appearance of the given 
problem and insight of an individual idea. In the third step follows the "Aha! moment", an 
effect where the solution appears to the given problem, idea (Köhler, 1999). 
Using fMRI methodology, a scientific study studying the “Aha!” moment, using a task of 
composing Chinese logogriphs, showed a certain activation of neurological correlates. Mostly 
the activation of the frontal, temporal and parietal lobe is shown. In the association stage, the 
hippocampus was activated, as well as the temporal lobe and occipital lobe, during the 
representation of an individual change using the insight learning method the left frontal lobe 
and the left parahippocampal lobe are activated. The cingulate gyrus and the left prefrontal 
cortex are also activated in the interruption of a useless train of thought and production of a 
new idea. The study that was done shows activation in the frontal regions of the left hemisphere, 
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which is opposite to a previously performed study showing right frontal lobe activation (Qui, 
et al., 2010). 
The study that was done concludes that in problem solving and information representation the 
occipital lobe also plays a role, mainly in devising two different hypotheses as the problem 
solution (Luo, et al., 2006, and Qiu, et al., 2010). 
The subconscious solution to the problem presented is marked by an “Aha!” moment. 
In our empirical work we wish to use a new test paradigm to compare the “Aha!” moment, 
happening when assuming visual awareness in children with the ADHD syndrome and a 
control group with healthy participants. The “Aha!” moment presents a solution to the problem 
in the given task, in our case the subconscious joining of visual fragments into a whole and the 
insight into the final solution, which can be measured with Dr. Zoltán’s new paradigm; The 
task that we use in the empirical part is also composed so that the aha moment is measurable 
and consequently comparative in the measurement phase of every individual as well as further 
comparison between tested groups. 
 

 Theories of Visual Consciousness 
 
In this chapter, we focus on the overview of some theories of consciousness, including visual 
perception. Presented theories encompass both the bottom-up process (visual perception from 
the retina to the higher cortical regions) as well as top-down processes, mostly encompassing 
the understanding and explanation of internal feedback loops in visual perception (Gross, 2012). 
 

 Indirect Perception Theory: Richard L. Gregory 
 
Gregory's theory of visual perception dominates the scientific field of psychology today. The 
theory of indirect information sticks to the principle of active perception, and advocates the 
idea that not only our eye is sufficient for visual perception, but also the activation of the higher 
cortical regions is important for visual perception as a whole. Visual stimuli perceived by the 
eye do not represent the completeness of perception of the visual stimulus. Perception 
completeness is achieved by comparing the visual stimulus with experience and supplementing 
already stored information that we have acquired in the past. As an example, he cites a table 
composed of a wood imitation, but our eye perceives it as genuine wood. Appropriateness of 
the theory is shown when the visual stimulus in incomplete and when it is necessary to connect 
more information together for recognition, if at some point they are not given (Gross, 2012). 
 

 Immediate Perception Theory: James J. Gibson 
 
This theory, despite its many opponents, is still relevant in scientific circles. The American 
psychologist J. Gibson (1904-1979), who is also one of the most influential researcher in the 
area of visual perception and visual consciousness in the 20th century, developed it. His theory 
rejects Gibson's constructivist paradigm and defends the idea of immediate perception. 
According to him, visual perception is seeing the outside world directly surrounding us, not 
processing an image on the retina as Gregory's theory of indirect information argues. Gibson's 
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theory claims that sight itself enables the whole of knowledge and awareness of the 
environment surrounding us and that images are not transmitted through images being drawn 
on the eye's retina. In his theory of indirect perception, he also rejects the INFO PRO 
information processing theory, which claims that visual processing and perceptions of the 
outside world are identical to the processing of data stored on computers, in the human brain 
with humans. As a counter argument for the INFO PRO theory, he states that a computer, when 
processing data, does not have the experience of »being here« of a human being, while we are 
given the knowledge of existence and consciousness of oneself as a being through visual 
perception and processing of consciousness of the outside world (Gibson, 2002). 
The theory of direct perception advocates that visual processing is the gathering of visual 
information. And it presents it as a circularity and a gathering of information that enables us to 
discover the environment that surrounds us This theory is in stark contrast to other theories, as 
it presents the understanding of the visual system from a different perspective (Gross, 2012). 
 

 Gestalt Theory: Theory of Spontaneous Organization 
 
The beginners and founders of Gestalt psychology are Max Wertheimer, Wolfgang Kohler and 
Kurt Koffka. The Gestalt theory first examines the fundamentals and foundational hypotheses 
of science itself, and adheres to the principle that there are wholes made up of several 
cohesively connected particles, and its main aim is to determine the nature of a whole made up 
of individual parts. In the time of modern neuroscience and in-depth research in this area, 
scientists rely on Gestalt principles because of the nature of the research. Particularly in visual 
perception, where visual consciousness is not explained simply on the basis of the activity of 
one neuron, but rather the connection of interconnected lower and higher cortical 
neurobiological segments. This coincides with the main principle of Gestalt theory. (Cherry, 
2015). 
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 Global Workspace Theory: Bernard Baars 
 
The global workspace theory is mainly interesting and ever more useful. 
In the neuroscientific area, the global workspace theory retains the notions that individual 
regions of the brain are interconnected through a global workspace, even though they are 
essentially separate individual parts. Through the global workspace, the transmission of 
information in the whole brain is thus possible. The agent working in the network is 
consciousness itself, which solves problems with multivariate networks and transmits 
information by activating multivariate high-frequency oscillatory rhythms. The task of 
consciousness operating in a global workspace is to transmit information by activating 
connections within the entire brain (Baars, 2005). 
Information processed within the global workspace is conscious and accessible to the 
individual network being processed, and processing outside the global workspace takes place 
at an unconscious level (Baars, 1988). 
 
 

 Global Information Sharing: Stanislas Dehaene 
 
The human brain and neural networks, through parallel processing, process information at an 
unconscious level. For a conscious process to occur, a particular subset of the network-forming 
neurons in the global space and the individual consciousness circuit must be permanently 
activated. The workspace model assumes that all circuits involved in consciously processing 
information have a single mechanism. The execution of a new cognitive process requires the 
activation of multiple circuits of consciousness and the consequent creation of a new 
workspace, which results in the global sharing of information of the individual neural circuits 
in the neural network. Top-down processes within individual neural connections allow the 
reinforcement of neural network connections that are required for a conscious cognitive process 
in a given task, only after a permanent activation of a particular subgroup and thus the 
workspace, the conscious state is encoded. Consciousness thus enables us to share information 
globally (Dehaene & Naccache, 2001). 
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 Hierarchical Theory of Visual Consciousness 
 
The visual system is organized hierarchically, retrieving information from the retina, to the 
primary cortex, and further to the associational regions. In the first level, the information is 
processed based on individual details, such as orientation, line, 2D position. In the second stage, 
the higher-level visual system forms visual stimuli into objects, categories, and creates certain 
concepts of the visual stimulus. The striate cortex thus responds to the lines, colors, and spatial 
frequency of the visual stimulus. In the next step, the sections of the inferotemporal lobe form 
categories of the visual stimuli, as shown in the figure below, in the perception of lines, shapes 
that are involved by different types of neurons that specialize in particular areas, such as 
neurons for color perception in the temporal lobe (V4) (Ahissa & Hochstein, 2004). 
The hierarchical theory model is consistent with the idea that higher cortical regions process 
visual stimuli of a more complex type (perception of the whole stimulus). 
 

 
 
Figure 14: 
Demonstration of a hierarchical model of visual perception. 
 
 

 Interactive Theory of Visual Consciousness 
 
The interactive theory advocates the process of feedback loops described in the previous 
section. Thus, in the visual system, there are many feedback as well as feedforward projections. 
The theory argues for the idea that signals from the retina to higher visual areas travel 
hierarchically (see hierarchical theory), this projection is called the feedforward projection of 
signals. Proponents of this theory are of the opinion that the perception of a visual stimulus in 
a hierarchical way is not sufficient for the production of consciousness, and that the feedback 
loop, feedback processing of information from the higher cortical areas back to the lower 
regions of the cortical areas, plays an important role in the production of the consciousness 
itself in the whole visual system. Thus, visual stimulus signals traverse the entire circuit, 
including feedforward, and feedback projections of perception, as well as activation of neural 
circuits in the brain. Feedback also checks the accuracy and correctness of the visual stimulus 
provided (Baars & Gage, 2010). 
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Figure 15: 
The figure shows a pictorial representation of the interactive theory of visual consciousness. 
 
The interactive theory therefore takes into account top-down data processing and advocates the 
importance of processing data within the visual system in an opposite direction compared to 
the hierarchical model. 
 
Direct Perception Theory, Global Workspace Theory, Hierarchical Theory of Visual 
Consciousness, and Interactive Theory are the theories tested by the new test paradigm of Dr. 
Zoltàn Nàdasdy, used in the study of "Emergence of Visual Consciousness in ADHD Children", 
represents the empirical part of this master's thesis. The test task can test individual theories, 
and measure how much time the subject spent to combine the individual segments into a whole, 
in correlation to known, unknown, unusual picture. The new test paradigm is also designed to 
accurately measure the “Aha!” moment and validate the learning-by-insight method, and is 
designed in a way that allows measuring the time during the individual composition of 
segments in a whole picture. 
The empirical task allows us to gain insight into the human perception of the outside world, 
processing of the image given to us by the neurological correlates of the visual consciousness, 
the human brain. With the test paradigm and the use of imaging methodology, it is possible to 
measure the activation of neurological correlates and provide an insight into a broader 
understanding of the top-down processing of coded data, in correlation with various 
neuropsychological diseases. 
 
The fact that our internal perception of the outside world is different than it appears to us is 
confirmed by optical illusion studies, which in neuroscience provide us with a great framework 
for exploring visual consciousness, both at the level of an individual neuron and at higher levels 
of consciousness. 
 
Today, visual consciousness can be studied in many ways, with different tasks, as well as at 
different stages of both conscious and unconscious processing. Understanding and exploring 
visual consciousness as humanity, however, gives us the knowledge of how different our 
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perception is from the real picture, how our brains function, and how they show the cognitive 
map of the outside world. By understanding the bottom-up as well as the top-down processes 
of visual consciousness, we at the same time open up the understanding of the functioning of 
human consciousness as such, especially if it is explored in conjunction with specific neuro-
psychological diseases that in themselves indicate a different brain function and perception of 
human life, the ADHD syndrome in our case. 
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6. EMPIRICAL PART 
 

 Introduction 
 
In the empirical part that follows, we present an experimental task, a new paradigm for 
exploring visual awareness, top-down data processing, developed by Dr. Zoltán Nádasdy. We 
present the problem, the methodology, the testing process, and the data we obtained through 
testing the control group and the target group composed of children with ADHD syndrome. 
 
Although the designed experiment does not use a methodology that can confirm the activation 
of individual parts, we know from the processed literature that the temporal lobe is actively 
involved in the composition of fragments, and that the task is a scheme for active measurement 
of top-down processing in visual stimulus processing. The activation of feedback loops and the 
involvement of higher cortical areas are thus key to successfully solving the experimental task. 
 

 Problem Definition 
 
ADHD is a growing disorder year by year, showing signs of carelessness, restlessness, 
impulsivity and overactivity. The difference is also reflected in the structure of neurological 
correlates and the specific neurobiological activity of the neurotransmitters dopamine and 
noradrenaline. In our research paper, in the phase presented in this master's thesis, we did not 
check the activation of individual regions in the brain but based on the empirical studies and 
theoretical findings so far, we asked research questions and hypotheses that were tested by 
performing empirical work. The decision to test children with an ADHD syndrome diagnosis 
was made partly because I am a volunteer in the Rainbow Warrior organization, headed by 
Dejan Sotirov, which organized summer camps and workshops for children diagnosed with 
ADHD. 
The chief supervisor of the master thesis professor Dr. Zoltán Nádasdy and his research group 
designed the task used for visual awareness testing. 
 
We operationalize the definition of consciousness as a sudden change in the interpretation of 
images. Because the change is a sudden one, we assume that with proper experimental 
manipulation we can capture the time of this event. The time, when the interpretation changes, 
is a moment, and the event is defined as the “emergence of visual consciousness”. This event 
is an all-or-nothing type of experience as it corresponds to the recognition of an image as a 
whole as opposed to fragments of images (or a combination of parts). We predict that with 
certain developmental or neurological (neuropsychological) disorders, specifically in children 
with ADHD, this event occurs later during the stimulus presentation. We aim to determine 
whether this test of ours is sensitive enough to differentiate between normal children and 
children diagnosed with ADHD. 
We also want to determine if the test we use in the task is appropriate for measuring such 
disorders. No such paradigm has been conceived in history in terms of visual awareness, and 
it needs to be tested on various neuropsychological diseases. 
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 Goals 
 
In the performed study, we set two rough goals: 
 

o The main research goal is to find empirical evidence for the given hypothesis and based 
on this construct a theoretical framework describing the differences at the point of 
emergence of visual consciousness in healthy children and children with ADHD.  

o After validation, check if the new visual paradigm is sensitive to the measurement of 
different disorders, such as ADHD syndrome. 

 Research Questions 
 
In the empirical part of the “emergence of visual consciousness” study, the research question 
refers to whether there is a difference in the adoption of visual integration between healthy 
subjects and subjects diagnosed with ADHD syndrome; the research question covers all the 
given hypotheses of empirical part of the thesis.  
 
With the experiment itself, we also want to confirm or deny the appropriateness of the test task, 
which is a newly established paradigm for exploring visual consciousness. 
 

 Hypotheses 
 
Our hypothesis is that in every chosen set of images there is a consistent inflection point at 
which the judgment changes from one explanation to another. This point can be standardized 
for every picture set and the resulting test can be validated. 

After validation, the test needs to be sensitive to the measurement of different disorders, such 
as ADHD, particularly those connected to consciousness, attention, precision, and perceptual 
processes.   

1. Participants with the ADHD syndrome diagnosis will change their judgment 
faster or slower in the individual task-solving steps. 
For the data analysis, we will look at the phases where the solving judgment changes, 
find the mean and compare the results between the groups. 
 

2. Participants with an ADHD syndrome diagnosis will, in an individual trial, change 
their judgment more or less often compared to a control group. 
Between the groups, we will compare the number of judgment changes in an image 
segment, calculate the means of both groups and compare the results between them. 
 

3. Participants with an ADHD syndrome diagnosis will show a greater or lesser 
influence of a previous trial on their decision compared to the control group. 
In this hypothesis, we have two sequential biases. 
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Response bias: a bias where their initial assessment of the new trial is dependent on 
their last response in the previous trial. 
We will compare how many times the initial bias n is influenced by a previous decision 
n-1. 
We also have the stimulus bias, if the initial bias n (whole picture, 4 different parts) is 
influenced by the stimulus of the previously completed trial n-1 (whole picture, or 4 
different parts). 
Stimulus bias: a bias where the initial assessment of a new trial depends on the 
category of the previous trial, i.e. whether it was fragmented or whole. Here we will 
count how many times the subjects’ initial bias (the response to the first frame in trial 
n) conforms to the category (whole or fragmented) of the previous trial (trial n-1). 
 

4. Participants with an ADHD syndrome diagnosis will solve the test task faster than 
the control group. 
Between results of individual groups, we will compare the mean task solving time, 
more precisely the mean time for an individual phase in solving the picture. 
 

5. Participants with the ADHD syndrome may show a different initial bias compared 
to the control group. 
We will compare the data and check whether the initial bias of the test task differs 
between the groups. 
 

6. Participants with the ADHD syndrome will experience the "Aha!" moment sooner 
or later compared to the control group. 
We will check the difference in the time of occurrence of the "Aha!" moment phase 
between groups. 
The “Aha!” moment is defined as the sudden transition from uncertainty to certainty, 
where the subjects’ confidence suddenly increases whether he/she sees a whole image 
or fragments. This point in the sequence defines the emergence of visual consciousness. 
The point at which different subjects reach this moment depends on how efficiently 
they process and connect the joining of pictures. In this moment, we redefine parts of 
pictures. 

 Method 
 
The research topic of the carried-out project “Emergence of Visual Consciousness in ADHD 
Children” is based on empirical methodology. In order to carry out the experimental study, we 
needed to obtain the permission of the Ethics Committee of the Republic of Slovenia before 
we began. It was also necessary to obtain a written permission from the management of the 
institutions where the experiment was conducted, Kidričevo Primary School, where a control 
group of participants was tested, and the Mavrični Bojevnik Institute, whose members 
represented our target group, a group of children diagnosed with ADHD. Before testing the 
children, we obtained permission from their parents or legal guardians. 



54 
 

 Description of the Research Methodology 
 
Participants sit down in front of a computer screen on which four very similar pictures appear, 
divided by thick black frames. The participant decides whether the images compose one joint 
picture or whether they are different. They record their decision by pressing a key on the 
computer keyboard. At every keystroke, the frames between the images get narrower until the 
frame vanishes, and the entire picture is revealed. At that last phase of image presentation, it 
becomes clear whether the images are part of a whole or fragments. 

The research topic is based on empirical methodology. In our study, visual consciousness is 
experimentally tested using a between-subjects design. The independent variable is the 
manipulation of trials. Each trial consists of seven levels (frames), equivalent to every phase 
of testing. The dependent variable is the judgment of participants about the images presented 
in every phase (the pressing of a key on the computer keyboard). 

 Participants 
 

The research participants are divided into two groups. The students of Kidričevo Primary 
School represent the control group of the research. 21 children in the control group, aged 
between 8 and 10, were tested (9 males, 12 females). Members of the Rainbow Warrior 
Institute represent the target group, as they are children diagnosed with the ADHD syndrome. 
The target group children were between 6 and 12 years of age, with 21 children tested (20 
males, 1 female).  
Target group participants did not receive long-term pharmacological treatment, nor did they 
receive short-term pharmacological treatment during the duration of the study. We did not 
distinguish between different types of ADHD syndrome in the study.  
 

 Course of Method and Meeting Implementation 
 
The control group was tested at the premises of the Kidričevo Primary School. During the test, 
we recorded the participants with a video camera, and after the procedure, we conducted a short 
interview with them, in which they shared their opinion of the test task, and their feelings while 
solving the task. The target group was tested at a summer camp organized by the Rainbow 
Warrior Institute, in the seaside village of Mačji vrh. They were tested and interviewed in the 
exact same way as the control group. 

In the ensuing interview, we asked them about their well-being and how they felt about the test 
task. We inquired about their judgment at times when the task was more demanding, or when 
they were stuck - we were interested in whether they took the blame for the errors they made 
or blamed it on the difficulty of the program. 
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 Measuring Instrumentation (Accessories, Apparatuses etc.) 
 
Zoltán Nádasdy’s research team created the program for the visual integration task that we are 
using in this study. It was created using the software PsychoPy2, based on Python, and we also 
recreated the program in the Java programming language. Participants responded by pressing 
a key on the computer keyboard.  

 Procedure 
 
The test is composed of 100 trials, presented in series on a computer screen. In every trial, four 
similar images were shown on the screen, divided by black borders slightly covering the images 
(in the shape of a cross). Every trial included seven phases where the borders between images 
diminished in seven steps from thick to very thin. Lastly, in the 7th phase, it is revealed whether 
the four fragments join into a whole or remain different. The motives of the images where of 
neutral nature.  

Pressing the “S” key meant that the subject believed that the presented fragments are part of a 
continuous picture; pressing “R”, the person believed that the images are part of four different 
pictures, and pressing “N”, the subject was unsure about the continuity of the presented image 
fragments. 
An exit command was also added to the program in case any participant wanted to stop before 
finishing the task. In this case, the participant had the option of pressing the “escape” key on 
the keyboard, which would save their data and immediately leave the program. 

 Purpose of the Test Task 
 
The new visual paradigm used in the empirical part is created in a way for testing top-down 
visual perception and measuring feedback loops in the visual system, a large assortment of 
images also enables multiple measurement of the "Aha!" moment, the emergence of visual 
consciousness, which is important when combined with other methodologies and further 
studies. 

 Test Task Example 
 
The test task is composed of 100 consecutive images that are exchanged during the set. From 
those that in the end joined into a whole to those that stayed joined with four mutually similar 
fragments. The pictures of the task set represent abstract as well as everyday neutral images on 
the presented pictures. All pictures of the visual paradigm are included in appendix 2, in the 
chapter of the appendix. 
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Picture in phase 7 as a joined whole: 

 

 

 

Picture in phase 7 as 4 different fragments: 
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 Statistical Analysis 
 
For the purposes of statistical analysis, we first created a base from the collected data, for the 
control group, composed of students of the Kidričevo primary school, as well as the target 
group, composed of participants with the ADHD syndrome. The base was prepared in 
Microsoft Excel and the analysis itself was performed using SPSS and R studio.  
 
 

 Hypothesis 1 
 
Participants with the ADHD syndrome diagnosis will change their judgment faster or 
slower in the individual task-solving steps. 

For the data analysis, we looked at the phases where the solving judgment changes and 
compared the results between the groups. 

Table 1: Average of first change in judgment 
 

Group Mean N Std. 
Deviation 

ADHD 3,10 2058 2,963 
Control 3,18 2058 2,904 
Total 3,14 4116 2,934 

 
When comparing results it is evident that the average of the first change is 3.10 in the ADHD 
syndrome group and 3.18 in the control group, which tells us that on average the first change 
of the initial judgment happens in phase 3 of solving the given test task, as shown by the results 
in the table below. 
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Graph 1: Average judgment phase of first change 
 

 
 

Chart one shows the average change of the initial judgment of the given image between groups. 

In the statistical analysis, we first checked to see whether the data is normally distributed. We 
used the Kolmogorov-Smirnov and Shapiro-Wilk tests. If the p-value is under 0.05 (p < 0.05), 
the data is not normally distributed, which was shown when checking the data for hypothesis 
1. The test data is presented in table 2. 

 

Table 2: Normal distribution test 
  

Kolmogorov-Smirnova Shapiro-Wilk 
Statistic df Sig. Statistic df Sig. 

First 
switch 

ADHD 0,274 2058 0,000 0,786 2058 0,000 
Control 0,245 2058 0,000 0,808 2058 0,000 

 

The data we tested was not normally distributed, so the Mann-Whitney test was performed. 
The data is displayed in table 3, with a rank display, and table 4, which shows the statistical 
data of the tests. 

Table 3: Ranks 
 

Group N Mean Rank Sum of 
Ranks 

First 
switch 

ADHD 2058 2035,30 4188647,50 
Control 2058 2081,70 4284138,50 
Total 4116 
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Table 4: Test Statistics 
 
 

 
 

 
 
 
 
The results of the Mann-Whitney test showed a p-value of 0.192 (p < 0.192), meaning that the 
difference in judgment change between the ADHD participant group and the control group is 
not statistically significant. 
 
The hypothesis we set before the beginning of the study is refuted based on the statistical 
analysis. 
 

 Hypothesis 2 
 
Participants with an ADHD syndrome diagnosis will, in an individual trial, change their 
judgment more or less often compared to a control group. 

Between the groups, we compared the number of judgment changes in an image segment, 
calculated the mean of both groups and compared the results between them.  

Table 5: Number of changes 
 

 
 
 
 
 
 

 
Table 5 shows the difference between the ADHD group and the control group. From the table 
it is evident that the children with ADHD, compared to the control group, on average, changed 
their judgment on the task less often, when compared to the control group in an individual 
unit of the task.  
 
 
  

 
First switch 

Mann-
Whitney U 

2069936,500 

Wilcoxon W 4188647,500 
Z -1,305 
Asymp. Sig. 
(2-tailed) 

0,192 

Group Mean N Std. 
Deviation 

Minimum Maximum 

ADHD 0,88 2058 1,145 0,00 6,00 
Control 1,04 2058 1,199 0,00 6,00 

Total 0,96 4116 1,175 0,00 6,00 
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Table 6: Normal distribution test 
 
 
  
  
 

 

The data for the second hypothesis was not normally dispersed, so we used the Mann-Whitney 
test, table 7 shows the ranks and table 8 shows the statistical test.                                                                                                      

Table 7: Ranks  
 

                  Group N Mean 
Rank 

Sum of 
Ranks 

Numbers of 
switch 

ADHD 2058 1977,36 4069401,00 
Control 2058 2139,64 4403385,00 
Total 4116 

  

 
Table 8: Statistical tests 
  

Numbers of 
switch 

Mann-Whitney U 1950690,000 
Wilcoxon W 4069401,000 
Z -4,702 
Asymp. Sig. (2-
tailed) 

0,000 

 

The results of the Mann-Whitney test showed that the p-value is ~0.00 (p < 0.05), which tells 
us that the difference in the number of judgment changes in a picture between the groups is 
statistically significant between the ADHD syndrome participant group and the control group.  

 
  

                      
Group 

Kolmogorov-Smirnova Shapiro-Wilk 
Statistic df Sig. Statistic df Sig. 

Numbers 
of switch 

ADHD 0,301 2058 0,000 0,684 2058 0,000 
Control 0,278 2058 0,000 0,774 2058 0,000 
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Graph 2: The number of judgment changes in an image segment between the groups 
 

 
 

Graph 2: Graph 2 shows the difference between the ADHD group and the control group. From 
the graph it is evident that the participants with ADHD compared to the control group, on 
average, changed their judgment during the task less often when compared to the control group 
in an individual unit of the task.  
 
The hypothesis we set may be confirmed based on the statistical data. 
 

 Hypothesis 3 
 
Participants with an ADHD syndrome diagnosis will show a greater or lesser influence of 
a previous trial on their decision compared to the control group. 
 
In hypothesis 3, we have 2 biases. 
 

o Response bias 
 

Response bias – a bias, where the initial bias is influenced by the bias of the previous response 
(whole picture, 4 different parts). 
We compared how many times the initial bias n is influenced by a previous decision n-1. 
 

o  Stimulus bias 

Stimulus bias – a bias, where the initial assessment of a new trial depends on the category of 
the previous trial, i.e. whether it was fragmented or whole. Here we count how many times the 
subjects’ initial bias (the response to the first frame in trial n) conforms to the category (whole 
or fragmented) of the previous trial (trial n-1). 

The comparison was done within an individual group. 
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ADHD Syndrome Participant Group: 
 

o Response bias 
 

Table 9: Influence of the last decision of the previous picture on the initial bias of a new picture:  
 
  

Frequency Valid 
Percent 

Without 
influence 

876 43,0 

Influence 1161 57,0 
Total 2037 100,0 

 
The table shows the influence on the first decision (n) in the first phase, on a given picture, 
based on the last response to the previous picture (n-1). In 57 % of cases the first decision in 
the first phase of the given picture was influenced by the last decision in the previously given 
picture that the participant solved and in 43 % this influence during solving could not be 
detected. 
 

o Stimulus bias 
 
Table 10: Influence of previous picture stimulus on the initial bias of the first picture 
  

Frequency Valid 
Percent 

Without 
influence 

925 45,4 

Influence 1112 54,6 
Total 2037 100,0 

 
The table shows the influence on the first decision (n) in the first phase on the given picture, 
based on the stimulus of the previous picture. As evident, the previous picture stimulus played 
a part in the first response to the task in 54.6 % of cases, and in 45.4 % the influence of the 
previous stimulus was not present.  
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Control Group 
 

o Response bias 
 

Table 11: Influence of the last decision of the previous picture on the initial bias of a new 
picture: 

  
Frequency Valid 

Percent 
Without 
influence 

844 41,4 

Influence 1193 58,6 
Total 2037 100,0 

 
The table shows the influence on the first decision (n) in the first phase on the given picture, 
based on the last response to the previous picture (n-1). In 58.6 % of cases the first decision in 
the first phase of the given picture was influenced by the last decision in the previously given 
picture solved by the participant, and in 41.4 % of cases this influence during solving could not 
be detected. 
 

o Stimulus bias 
 

 Table 12: Influence of the previous stimulus on the initial bias of a new picture: 
  

Frequency Valid 
Percent 

Without 
influence 

878 43,1 

Influence 1159 56,9 
Total 2037 100,0 

 
The table shows the influence on the first decision (n) in the first phase on the given picture, 
based on the stimulus of the previous picture. As evident, the stimulus of the previous picture 
played a part in the first response to the task in 56.9 % of the cases, while in 43,1 % of cases 
the influence of the previous stimulus on the initial bias was not present. 
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Graph 3: Influence of previous response on the current response between groups 

 
 
The graph shows the results in percentage regarding the influence of the previous response on 
the initial decision between the control group and the ADHD syndrome group. It is evident 
from the graph that the influence of the previous response on the current response is 2 % greater 
compared to the ADHD control group. 
 
Table 13: Normal distribution test 
 

 Kolmogorov-Smirnova Shapiro-Wilk 
Statist

ic 
df Sig. Statist

ic 
df Sig. 

Control 0,126 1569 0,000 0,958 1569 0,000 
ADHD 0,484 1569 0,000 0,467 1569 0,000 

 
The data for the third hypothesis was not normally dispersed, so we used the Wilcoxon W test. 
Table 14 shows the statistical test. 
 
Table 14: Statistical test: Influence of previous response: parameter same 
 

Wilcoxon W  
Z -31,589 
 
Asymp. Sig. 
(2-tailed) 

 
0,000 

 
The results of the Wilcoxon W test showed that the p-value is ~0.000 (p < 0.05), meaning that 
there is a statistically significant difference between the individual groups. The test show that 
the ADHD group shows a smaller influence of the previous response on the current response 
compared to the control group. 
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Graph 4: Influence of the previous stimulus on the initial stimulus, comparison between  
groups 
 

 
 
The graph shows the results in percentage with regard to the influence of the previous stimulus 
on the initial decision between the control group and the ADHD syndrome group. From the 
graph, it is evident that the initial response with respect to the influence of the previous response 
is 2.6 % greater in the control group compared to the ADHD group. 
 
 
Table 15: Normal distribution test 
 

 Kolmogorov-Smirnova Shapiro-Wilk 
Statistic df Sig. Statistic df Sig. 

Control 0,129 1369 0,000 0,958 1369 0,000 
ADHD 0,486 1369 0,000 0,467 1369 0,000 

 
The data for the third hypothesis was not normally dispersed, so we used the Wilcoxon W test. 
Table 16 shows the statistical test. 
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Table 16: Test statistic, Influence of previous stimulus: parameter is the same 
 

Wilcoxon W  
Z -1,585 
 
Asymp. Sig. 
(2-tailed) 

 
0,113 

 
The Wilcoxon W statistical test did not show statistically significant differences (p > 0.05), 
meaning that the difference between the ADHD participant group and the control group 
regarding the influence of the previous stimulus on the current stimulus is not statistically 
significant. 

The hypothesis is thus partially confirmed, the statistical analysis showed a statistically 
significant characteristic between groups, the influence of a previous response n-1 on the 
current response n. Participants with the ADHD syndrome showed a lesser influence of a 
previous response to the presented task compared to the control group. 
 
The statistical test showed no statistically significant characteristic in the influence of a 
previous stimulus n-1 on the current response.  
 

 Hypothesis 4 
 
Participants with an ADHD syndrome diagnosis will solve the test task faster than the 
control group. 

Between results of individual groups, we compared the mean task solving time, more precisely 
the mean time for an individual phase in solving the picture. 

Table 17: Time 

Group Mean N Std. 
Deviation 

Minimum Maximum 

ADHD 1,14 14406 1,541 0,02 30,26 
Control 1,25 14406 1,723 0,01 27,87 
Total 1,20 28812 1,636 0,01 30,26 

 

In the table, it is evident that the control group had a higher mean time of solving an individual 
phase than the group represented by participants with the ADHD syndrome. The mean time for 
an individual phase amounted to 1.25 s in the control group and 1.14 s in the target group. 
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Graph 5: Mean time in seconds for an individual phase, for ADHD group and control 
group 

 

The graph shows that the ADHD group uses less time on average for an individual phase during 
the task. 

Table 18: Normal distribution test 

Group Kolmogorov-Smirnova 
Statistic df Sig. 

Times ADHD 0,253 14406 0,000 
Control 0,249 14406 0,000 

 

The normal distribution test showed that the data was not normally distributed, so we used the 
non-parametric Mann-Whitney test, as presented in table 20. 

Table 19: Ranks 

 

Group N Mean 
Rank 

Sum of 
Ranks 

 
Times 

ADHD 14406 14012,91 201869969,00 
Control 14406 14800,09 213210109,00 
Total 28812     
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Table 20: Statistical test 
 

Times 
Mann-Whitney U 98096348,000 
Wilcoxon W 201869969,000 
Z -8,032 
Asymp. Sig. (2-tailed) 0,000 

 

The results of the Mann-Whitney test showed that the p-value is ~0.000 (p < 0.05), meaning 
that there is a statistically significant difference between the individual groups. 

The hypothesis is thus confirmed based on the statistical test. 

 Hypothesis 5 
 
Participants with the ADHD syndrome diagnosis may show a different initial bias 
compared to the control group. 

We compared the data and checked whether the initial bias of the test task differs between the 
groups. 

We marked the initial bias with yes, if it was compatible with the given picture, and with no if, 
the initial bias was different from the given picture. 

Table 21: Control group, initial bias: 
 

Frequency Valid 
Percent 

No 991 48,2 
Yes 1067 51,8 
Total 2058 100,0 

 

From the table we can see that in 51.8 % of cases the control group had an initial bias 
compatible with the given picture and in 48.2 % of cases, the initial bias was different from the 
given picture. 
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Table 22: Target group, initial bias: 
 

Frequency Valid 
Percent 

Different 1019 49,5 
Same  1039 50,5 
Total 2058 100,0 

 

From the table we can see that the target group had an initial bias compatible with the given 
picture in 50.5 % of cases and in 49.5 % of cases, the initial bias was different from the given 
picture. 

Graph 6: Initial bias within groups in the given task 

 
 

The graph shows the initial bias in relation to the compatibility with the given picture in the 
first phase between both groups in percentage. 

Table 23: Statistical test 
 

Initial bias 
Mann-Whitney U 554306,500 
Wilcoxon W 1124084,500 
Z 0,000 
Asymp. Sig. (2-tailed) 1,000 

 

Between groups, we compared answers that were compatible with the given picture; the 
statistical test did not show statistically significant differences (p > 0.05). 

The hypothesis is refuted based on the statistical test. 
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Average solving time of a single person with respect to the initial bias and last response: 

Graph 7:  Average response to a picture with an initial bias as different (4 unconnected  
parts) and the last response as whole 
 

 

Graph 7 shows the average response of a single person while solving the test paradigm and the 
standard deviation of solving data for pictures where the participant in the first phase had an 
initial bias as different (y = 2) and the last response as whole (y = 0). The bias is continuous 
until  the last frame. Error bars represent standard deviation. 

  



71 
 

Graph 8:  Average response of a single person to a picture with an initial bias to the 
picture as whole and the last as different (4 unconnected parts).   

 

 

Graph 8 shows the average response of a single person while solving the test paradigm and the 
standard deviation for solving data for pictures where the participant in the first phase had an 
initial bias as whole (y = 0) and the last response as different (y = 2).  

As evident from the graphs, the participants in the task with pictures, when their initial bias is 
different (y = 2) and they join into a whole in the seventh phase, perceive joining of the same 
fragments in earlier phases of task solving compared to pictures, where their initial bias shows 
as whole (y = 0) and remain 4 unconnected parts in the seventh phase (y = 2). In these pictures, 
the participant, as shown in the seventh graph, persists longer with the given initial bias (y = 0) 
and the changes the judgment as different only in 5th and the 6th phase on average. 

The manner of task solving did not differ between a child with ADHD and a child without the 
ADHD syndrome. 
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 Hypothesis 6 
 
Participants with the ADHD syndrome will experience the "Aha!" moment sooner or 
later compared to the control group. 

We checked the difference in occurrence of the “Aha!” moment phase between groups. 

Table 24: Basic statistics 

Group Mean N Std. 
Deviation 

Minimum Maximum 

ADHD 4,95 522 1,302 1 6 
Control 4,98 506 1,197 2 6 
Total 4,96 1028 1,251 1 6 

 

From the table it is evident that the average phase of the "Aha!" moment of both groups, where 
on average it came to the joining of all fragments, is presented by the 5th phase. 

Graph 9: The "Aha!" moment, emergence of visual consciousness 

 

The graph shows the phase of occurrence of the “Aha!” moment of both groups.  
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Table 25: Normal distribution test 

                              Group Kolmogorov-Smirnova Shapiro-Wilk 
Statistic df Sig. Statistic Df Sig. 

Aha moment ADHD 0,259 522 0,000 0,774 522 0,000 
Control 0,262 506 0,000 0,798 506 0,000 

 

The results were not normally distributed, so we used a non-parametric Mann-Whitney test. 

Table 26: Ranks 

Group N Mean 
Rank 

Sum of 
Ranks 

Aha 
moment 

ADHD 522 516,72 269727,50 
Control 506 512,21 259178,50 
Total 1028     

 
 
Table 27: Statistical test 

 
Aha moment 

Mann-Whitney U 130907,500 
Wilcoxon W 259178,500 
Z -0,259 
Asymp. Sig. (2-
tailed) 

0,795 

 

The results of the Mann-Whitney test showed a p-value of 0.795 (p > 0.05), meaning that there 
were no statistically significant differences between the groups. 

The given hypothesis is refuted based on the statistical evidence. 

 Credibility of the Performed Empirical Study 
 
All of the data that we attained with the study is reliable and obtained using the same procedure 
and in the same manner. Carrying out the study, we wanted to achieve ecological validity and 
offer the same given conditions of solving the empirical task with the control group as well as 
the target group. 

The empirical study was carried out with the same task, the same technology, the same program 
with the same picture set. Participants of the control group where we tested more females were 
tested in class during school hours. The participant children with the ADHD syndrome where 
we tested more males took part in the study as part of the Rainbow warrior summer camp 
during school holidays. This may influence the gathered data. 
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 Discussion 
 
In the master's thesis, we set two main goals, 
 

1. To find empirical evidence for the given hypotheses. 

2. To check whether the paradigm introduced by prof. Dr. Zoltán Nádasdy that we use in 
the study is sensitive and suitable for individual testing and testing of participants with 
the ADHD syndrome in comparison to healthy subjects. 

 
The analysis showed statistically significant differences for two hypotheses, so that hypothesis 
2 was confirmed in the statistical analysis. The analysis showed statistically significant 
differences between the control and target groups, namely that children with the ADHD 
syndrome changed their judgment less often while solving the task compared to the control 
group. 

The statistical analysis also showed a group effect regarding the third hypothesis, response bias. 
Participants with the ADHD syndrome showed a smaller influence of the previous response on 
the current stimulus as compared to the control group. However, there were no statistically 
significant differences regarding hypotheses  between the groups in the effect of the previous 
stimulus on the current response. 

The analysis also confirmed hypothesis 4, the statistical analysis showed statistically 
significant differences in the average solving time for a common phase between groups, the 
group with the ADHD syndrome used less time on average for solving an individual unit 
compared to the control group. 

The difference between the ADHD and normal groups was the average number of switches 
during the trial until the subject settled with his/her final decision. This difference showed an 
advantage of the ADHD group as they were switching less than the normal group. Children 
with ADHD also show smaller influence of the previous response on the new response and 
they use less time on average for an individual phase during the task, which we prove in 
hypothesis 4.  

These results show that the coping mechanism of ADHD forces them to concentrate better in 
tasks like this. The trial is short enough to be captured by their reduced attention span.  

In the emergence of visual consciousness, in the "Aha!" moment, there were no statistically 
significant differences between the groups; on average, the children in the control group as 
well as the children in the target group joined the 4 fragments of the given picture into a whole 
in the 5th phase of the given task. 

There were also no statistically significant differences in the first judgment change between 
the control and target groups regarding the given picture. The analysis of the manner of task 
solving considering the initial bias and last response provides the knowledge that the brain as 
a rule joins fragments in earlier phases on average when they merge into a whole in the last 
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phase, compared to those that stay 4 unconnected parts. 

Children with the ADHD syndrome were being tested at the summer camp, they showed better 
results than the control group in the experimental task.  

The newly introduced test paradigm of Dr. Zoltán Nádasdy in certain steps confirms the 
differences in the adoption of visual consciousness between the control and target groups. 

The new visually paradigm test also confirms with statistical data that children with the ADHD 
syndrome were better at solving the presented task when compared to the control group. 

The paradigm is designed with the goal of researching the temporal ventral visual pathway, 
which has an important evolutionary aspect and enables us to identify a visual stimulus 
precisely. As well as the goal of researching top-down processing of visual stimuli, described 
by the interactive theory of visual perception and individual feedback loops in the visual system. 

The empirical study performed in the scope of the master's thesis presents a basic step towards 
further study using the EEG and fMRI methodologies. Using these methods in the future, we 
should come to a more precise answer in what way a brain diagnosed with the ADHD syndrome 
integrates a visual stimulus in Dr. Zoltán Nádasdy's visual paradigm and how the type of 
adoption differentiates in comparison with participants without the ADHD syndrome. It points 
towards a hope of a more precise understanding of internal processes of feedback loops and 
top-down coding of visual data in the visual system. 

The second goal set in the master thesis was to check whether the paradigm introduced by Dr. 
Zoltán Nádasdy, which we use in the study, is sensitive and appropriate for individual testing 
and testing of participants with the ADHD syndrome compared to healthy subjects. The study 
we performed showed that the introduced paradigm is sensitive and appropriate for individual 
testing and testing of differences between a control group and a group with the ADHD 
syndrome, differences between groups appear in certain segments and are measurable. 

Confirming whether the newly introduced scientific paradigm is appropriate for measuring or 
discovering specific neuro-psychological afflictions, such as specifically the ADHD syndrome, 
cannot be done after one study, even though the study performed using the new test paradigm 
does confirm individual differences in some steps. 
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In the interview we performed with every participant after finishing the task, we were mainly 
interested in his or her feelings and response to the task. We were also interested in their 
judgment about pictures that presented a more difficult task for them. Participants responded 
to the task positively, in cases of more difficult tasks they mostly blamed themselves and not 
the program, with which they were presented. 

In the study itself, it would be interesting to carry out a microanalysis of solving a certain 
picture, an abstract compared to an everyday neutral motive. How participants react to an 
individual task throughout the task, for which given sample they use more time; in which given 
picture samples they solve the task correctly from the first to the last step, for which picture 
samples the emergence of visual consciousness takes place earlier than the 5th phase, and 
where it cannot be detected because the picture is solved continuously. The microanalysis of 
individual data has not yet been done in this step.  In a future study, it would be more 
appropriate to use a color set for an individual decision instead of a set of letters and adjust the 
task to be even more suitable for children 

7. CONCLUSION  
 
What does nature try to tell us with children, who are in their own way so special, diverse and 
sensuous, both in the sense of their impulsivity, restlessness, which presents externally as 
hyperactivity, as well as inattention in moments when we expect it the least? Are we perhaps 
in the transitional phase of an evolutionary leap of humanity as such and it may be more 
important in our evolutionary future to feel another person, to be trained in empathy, know how 
it is to be another person? Become a sensuous person (homo luminous). Swift calculation, 
quick rational thinking, fast acquisition of manifold data may be taken care of by global 
progress in artificial intelligence and the modern internet network. We may not yet be able to 
claim this today, but knowledge of history and the evolution of humankind, knowing about 
findings of different studies done in the past and today, still presents us with possibilities of 
inferring the future. 

The ADHD syndrome is in growth around the world as well as in Slovenia. The studies 
mentioned in the theoretical part of this master thesis thus point not only to a different 
behavioral manifestation, but also to a different structure of the brain itself in the ADHD 
syndrome child, as well as a different functioning of individual diffuse systems, mainly the 
neurotransmitters norepinephrine and dopamine, compared to children who are not diagnosed 
with the ADHD syndrome. 

With the master thesis, we thus wished to build a broader theoretical framework, connecting 
philosophical insight into consciousness, history of neuroscience, psychology and 
neuroscience in general. The theoretical part gives us a larger insight into the understanding of 
the ADHD syndrome, visual consciousness and theoretical understanding of the empirical task, 
where we used the newly invented visual test paradigm of the main supervisor prof. Dr. Zoltán 
Nádasdy, using which we tested the emergence of visual consciousness in children with the 
ADHD syndrome as well as differences in adoption of visual integration. Even though many 
studies have been done in both the area of visual consciousness as well as the ADHD syndrome, 
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there are not many connecting these two areas. 

In the empirical study, we connected the ADHD syndrome with visual consciousness and 
searched for differences in adopting visual consciousness between the control group, 
represented by the children of the Kidričevo primary school, and children diagnosed with the 
ADHD syndrome who are members of the Rainbow Warrior Slovenia association. In the study, 
we confirmed two of six introduced hypotheses. In the study we used for the master thesis, we 
used a program created in the Python programming language and a personal computer. The 
study is a basic predisposition for a continued study using a combination of the EEG and fMRI 
technologies, which may in the future enable an actual insight into adoption of visual 
consciousness and the function of the ADHD syndrome brain. 

The new empirical test paradigm of Dr. Zoltán Nádasdy points to certain differences in 
adoption of visual consciousness in children with the ADHD syndrome and children without 
the syndrome. Consequently, it points to a different functioning of the temporal, ventral visual 
pathway, which is important for identification of objects and played an important role from an 
evolutionary perspective. Children with the ADHD syndrome also solved the empirical task 
better compared to children without the syndrome. 

More precise answers of in what way this difference shows in the functioning of the brain of a 
child with the ADHD syndrome and a child without the syndrome should be obtained in the 
future study, integrating Dr. Zoltán Nádasdy's new test paradigm and the EEG and fMRI 
methodologies. 
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Appendix 2:  

Informed consent for parents  

Your child was selected to participate in an experiment conducted in collaboration between the 
Eötvös Loránd University (ELTE) and University of Ljubljana Faculty of Education under the 
leadership of Dr. Zoltán Nádasdy. The aim of the study is to learn about the development of 
visual consciousness in 3 to 14-year old children. We know very little about the development 
of visual consciousness and we would like to gain an insight in an exciting way by showing 
images on a PC.  

First your child will meet a student who will conduct the experiment. Next we familiarize your 
child with the experiment and the PC. Your child will sit in front of a computer and will be 
presented by a set of images. He/she will have the opportunity to ask any questions. When no 
unanswered questions remain, your child may start the experiment with a button press. Your 
child will be presented with 100 successive images, each consisting of eight phases and he/she 
will be asked to indicate his/her responses by pressing a button on the computer keyboard. The 
experiment is self-paced and the complete session will take approximately 16 to 20 minutes to 
complete.  

We would like to know how children of different ages integrate visual consciousness. We will 
record the responses and the time it takes to respond for each image fragments. No time limit 
is imposed. Neither we provide a quantitative feedback to your child about his/her performance 
nor we provide information to you about your child’s performance or relative to other children 
because we handle the data with confidence.  

The student conducting the experiment will watch your child. There is no risk of any injury of 
physical harm during the experiment. In addition, we minimize the chance of anxiety. If your 
child feels anxious or frustrated we will not start the experiment or we stop it immediately if it 
has already been started. If your child does not want to participate in the experiment for any 
reasons we will not pressure him/her. Instead we may come back another occasion.  

We will make a video recording of each experiment because we may need to review the video 
for better interpreting our experimental results. We will delete these videos after the individual 
data is processed and analyzed, except if we are going to use them for illustration purposes at 
scientific conferences or publications. In the latter case we are asking your permission 
separately. All data collected will be handled with confidentiality. Only study personnel will 
have an access to the data. Each participant will receive a code number, which makes the 
identification of your child based on the data almost impossible, without knowing the code 
table. Nobody will know the  

association between the code number and your child except the student conducting the 
experiment in location.  

If the results will be published in a form of scientific articles, conference presentations or 
textbooks, none of these will present any data that can identify your child. We are happy to 
share the result of the study with you if you wish. All data will be kept in the office of Katja 
Zupanič, or Zoltán Nádasdy conducting the study. Only those can access the data who are 
associated with the study. Data will be analyzed by students in Dr. Nadasdy’s team, because 
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that it is part of their degree program at the university. These students are studying at the 
University of Ljubljana and ELTE and they are familiar with the ethical responsibilities 
concerning the privacy and confidentiality of data. For any further information please do not 
hesitate to contact Zoltan Nádasdy the principal investigator (zoltan@utexas.edu), or Katja 
Zupanič Ma student (katja.zupanich@gmail.com).  

Please sign the document after carefully reading it. Make sure you are absolutely clear about 
and you approve the participation of your child in this study. Even after signing it you feel free 
to withdraw your child from the study any time without any consequences. For further 
information please contact the above listed personnel.  

Parent (or legal guardian’s) signature: ................................. Name of the 
child:........................................... 
Contact Email address: ............................................ Date:.....................  

The participant child’s age: ........ year-old Bilingual? (circle one) Yes / No 
Does your child have siblings? Yes / No If yes, how many? Their ages:  

I consent that my child participates in the experiment (circle one). Yes / No  

I approve that the video of my child will be used for an illustration purpose in scientific 
publications, and/or presentations at scientific conferences, and/or as an education material 
(circle one). Yes/No  

Ljubljana, 2017. .......................Month ................Day  

 

Institutional Approval for Control group  

I,________________________________, as a director of the 
_______________________________ primary school approve that ___________________, a 
student of University of Ljubljana under the supervision of Dr. Zoltán Nádasdy (ELTE), 
conduct a study in the above institution. The study involves data collection from individual 
children in a playful setting. The children’s participation is voluntary and approved by their 
parents by signing an informed consent. The goal of the study is to better understand the 
development of visual consciousness in children. ,  

201_ year __________ month ___ day. _____________________________________ 
The signature of the director of institution _______________________________________ 
The signature of the principal investigator of the study  

Institutional Approval for Target group  

I, _______________________________, as a director of the Society of the Rainbow Warriors 
approve that ___________________, a student of University of Ljubljana under the 
supervision of Dr. Zoltán Nádasdy (ELTE), conduct a study in the above institution. The study 
involves data collection from individual children with ADHD in a playful setting. The 
children’s participation is voluntary and approved by their parents by signing an informed 
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consent. The goal of the study is to better understand the development of visual consciousness 
in children.  

Ljubljana, 201_ year __________ month ___ day. 
_______________________________________ 
The signature of the director of institution _______________________________________ 
The signature of the principal investigator of the study  

 


