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Abstrakt

Vyskumy ukazujt, ze deti s ADHD maju v priebehu svojho zivota rozne kognitivne
tazkosti, od hlavnych priznakov deficitu pozornosti, impulzivnosti a €asto hyperaktivity az
po komorbiditu s poruchami u€enia a psychickymi poruchami, ako je tzkost” alebo
depresia. Tieto deti sa raz stali dospelymi a problémy pretrvavaju.

Této diplomova préca sa zaobera rozhodovanim dospelych s ADHD, konkrétne ich
intuitivnymi verzus analytickymi rieSeniami pri problémoch v rozhodovani, spokojnost'ou
s vyberom a stabilitou vol'by. Ponukame teoretické a diagnostické pozadie ADHD,
neurologické koncepty ADHD a sucasny vyskum o rozhodovani u dospelych s ADHD.

V nasom vyskume boli u€astnici vyzvani, aby vyriesili tri pary komplexnych rozhodnuti a
vyriesili tri rozhodovacie problémy suvisiace s kognitivnymi odchyl’kami
(sebapotvrdzovanie, atribu¢né chyba a konjunkéné chyba). Potom hodnotili svoju
spokojnost’, ochotu menit’ svoj vyber a subjektivny $tyl rozhodovania. Porovnali sme dve
vzorky ucastnikov (N = 76) - vS§eobecnd populacia a dospeli s ADHD - vyvazené podla
pohlavia, veku, vzdelania a Studijneho programu a dosiahnutého vzdelania.

Predpokladali sme, Ze na strane dospelych s ADHD by boli rozdiely v nizsej spokojnosti a
stability vyberu a prevladajucemu intuitivnemu rozhodovaniu, a teda vac¢sej nachylnosti na
kognitivne odchylky.

Tieto dve vzorky sa nelisili v rozhodovacom procese - teda dospeli s ADHD neboli viac
nachylni na tri kognitivne odchyl’ky. Napriek tomu boli neustale menej spokojni so svojimi
volbami a boli ochotnejsi ich zmenit’. Avsak tieto vysledky boli vyznamné iba v dvoch zo
Siestich pripadov. To naznacuje, Ze rozdiely medzi v§eobecnou populaciou a 'ud'mi s
ADHD v spokojnosti s vyberom a stabilite mézu zavisiet’ od kontextu - napriklad o tom, o
¢o sa rozhoduju a kol’ko atribatov sa hodnoti.

Nase zistenia objasiiuji rozhodovanie dospelych 'udi o ADHD, nakol’ko doteraz chybali
empirické dokazy o tejto téme. Okrem zakladu pre d’alsi vyskum, nase vysledky mozu

prispiet’ na rozsirenie vedomosti neurokognitivnych profilov ADHD.

KTucové slova:
ADHD Dospelych. Rozhodovanie. Neuro-Vyvinova Porucha. Kognitivna Odychylka.
Spokojnost’ Vol'by. Stabilita Vol'by.



Abstract

Research shows that children with ADHD have various cognitive difficulties through their
life, from the major symptoms of attention deficits, impulsivity and often hyperactivity, to
comorbidity with learning disorders and mental disorders like anxiety or depression. These
children once become adults and the struggles continue.

This master thesis addresses decision-making of adults with ADHD, specifically their
intuitive versus analytical solutions to decision-making problems, satisfaction with choice
and choice stability. We revise the theoretical and diagnostic background of ADHD,
neurological concepts of ADHD, and current research on decision making in ADHD adults.
In our research, the participants were asked to make three pairs of complex choices and to
solve three cognitive biases-related decision-making problems (confirmation bias,
attribution error and conjunction fallacy). Afterwards, they rated their satisfaction,
willingness to change their choice, and subjective decision-making style. We compared two
samples of participants (N = 76) - general population and ADHD adults - balanced in gender,
age, education level and study discipline.

We hypothesized that there would be differences on the side of ADHD adults, in means of
lower choice satisfaction and stability, and more prevalent intuitive decision-making,
therefore greater susceptibility to cognitive biases.

The two samples did not differ in decision-making performance - thus, ADHD adults were
not more prone to the three cognitive biases. Yet, they were constantly less satisfied with
their choices and more willing to change them. However, these results were significant only
in two out of six cases. This indicates that the differences between general population and
people with ADHD in choice satisfaction and stability may depend on the context - for
instance, what are people deciding about and how many attributes do they evaluate.

Our findings shed light on ADHD adults' decision-making, while empirical evidence on
this topic has been missing so far. Besides a base for further research, it might be

beneficial for broadening the ADHD neurocognitive profiles.

Keywords:
Adult ADHD. Decision Making. Neurodevelopmental Disorder. Cognitive Bias. Choice
Satisfaction. Choice Stability.
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Introduction

ADHD has been studied extendedly for the past decades, but needless to say, the
studies focused on the effect ADHD had on diagnosed children and their behavior, and
considerably not as much of the ADHD affect in adults. It might have been due to the
symptoms that were recognized in children, however, are less prevalent and present
themselves differently in adults, where the symptoms might rather change(in comparison
with ADHD in children), but probably not disappear completely. We had to wait years for
adults and their different presentation of symptoms to be included in diagnostic manuals
and accommodated for practitioners to be able to recognize this disorder in older patients.

With the rise of neuroimaging techniques, it started to be apparent that the
symptoms are not just behavioral but they are grounded in the brain, its structures, and
pathways. More researchers from various fields got interested in this subject, as it seems
that ADHD is such a complex phenomenon.

As the understanding of ADHD got better, with help of better diagnoses, thus, more
people got the diagnosis of ADHD and made it possible to study it on a larger scale. It is a
slow process and we believe that there is more to be found and will in upcoming years.

The aim of this thesis is to look into the subject of ADHD and decision making. We
would like to introduce and gain more attention the issue of adult ADHD to more
researchers, as well to the broader public. With more knowledge gain and interest on both
sides, there is more will to study the subject.

In the first part, we would like to provide a theoretical background on ADHD in
general, adult ADHD and mention the newest and the most significant research on adult
ADHD, and ADHD and decision making. At the end of this part, we will explore the
biological and neurological origins and effects of ADHD to understand its deep
connections and complexity.

In the second part of this thesis, we will introduce the details of our research. The
main aim was to compare subjects with ADHD symptoms (ADHD+) and subject without
ADHD symptoms (ADHD-) in various decision-making tasks. Moreover, we measured

their satisfaction with their choices and their stability of the choices.



1 Theoretical & Methodological Background

1.1 Attention Deficit Hyperactivity Disorder

1.1.1 Definition

Attention Deficit Hyperactivity Disorder (ADHD) is categorized as a
neurodevelopmental mental disorder (Clauss-Ehlers, 2010 )with problems paying
attention, excessive activity, or trouble managing behavior (APA, 2013). Equally occurring
manifestations are distractibility, poor impulse control, and immense motor activity
(Kessler et al., 2006). Most of the cognitive and behavioral symptoms are usually united
under three domains - inattention, hyperactivity, and impulsivity (APA, 2013).

ADHD develops in childhood and continuously persevere through a lifetime. The
symptoms create a perpetual pattern of behaviors that are disrupting personal, social,
educational, occupational and often health-related functionalities of people with the
diagnosis (American Psychiatric Association, 2013; Faraone et al., 2015; Nigg, 2013).

The degree of the symptoms are problematic and therefore relevant when the extent
of their severance exceeds to extreme end or/and they are not meeting age-appropriate
level. The symptoms are particularly problematic as they interfere with multiple settings,
such as home, school, work and causing serious issues in people’s lives including

relationships, education, family or employment (Kolar, 2008).

1.1.2 Prevalence

Reportedly, ADHD is the most commonly diagnosed and studied developmental
disorder in children (Mattews, 2014). Currently, the percentage of children affected by the
disorder is 5-10% (Akinbami, 2011) and for the adult population, the estimate is around 1—
7% (Spencer, 2007).

Although, it was settled for decades that ADHD occurs exclusively in childhood,
more and more data support the notion that ADHD does not decline with age, but persists
throughout the whole developmental scope (Kolar, 2008). The diagnostic tools, awareness,
and availability of getting diagnosed are getting better and closer to people and that reflects

the increase of people diagnosed with ADHD.
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In the study of Akinbami et al.(2011) is demonstrated this significant increase. In
the years 1998—-2000 ADHD represented 6.9% of the population in the United States, with
an annual average increase for the period of 2007-2009 to 9.0% of children aged 5-17
years.

In addition, the gender variation in ADHD prevalence increased for boys from 9.9% to
12.3%, and for girls, from 3.6% to 5.5% over the same period (1998-2000 versus 2007—
2009).

This might be a reflection of different ADHD presentations in genders, where girls
and women tend to have an inattentive type(overly distracted and daydreaming) more often
than the other types accompanied by disruptive behaviors of hyperactivity which results in
reduced rates of diagnosis for the girls (Geddes et al., 2012). That leads to girls being
under-diagnosed or misdiagnosed, whereas some critics might argue that boys with their
hyperactive/impulsive symptoms may as well be overdiagnosed (Klostrinec and Kolin,
2012).

Although the prevalence of ADHD is similar, whether it was rated by parents,
teachers or self-reports (both in children and adults)(Wilcutt, 2012), yet there can be found
great differences caused by the method used(Spencer, 2007). In the United States, where
DSM(for the last versions 4 and 5) criteria are adopted are demonstrably higher rates of
ADHD in population (5-10% in children) (APA, 1994; APA, 2013), in contrast to
countries that use ICD-10(International Classification of Diseases, 10th Revision) criteria.
For example, Great Britain’s estimate with ICD-10 criteria is 1%( World Health
Organization, 1992). On the other hand, this disparity may originate in heterogeneity or
cultural assumptions of ADHD.

1.1.3 Symptomatology of ADHD

ADHD is a multidimensional developmental disorder, it mainly spread across three
symptomatic areas — inattention, hyperactivity, and impulsivity. This triad of various
symptoms is the most researched and well-known as well as the most important for the
diagnostic process. However, the symptoms can vary from individual to individual and the
symptomatology can develop beyond the obvious ones. In addition, differences between
two people can appear quantitatively as there are people who are low or high in ADHD

symptoms.
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Whether there are more or less of ADHD symptoms found in individuals, they can
cause disruptions and deviations in diverse functionings and behaviors (Nigg, 2001;
Thorell & Wahlstedt, 2006). Important matter to mention is that ADHD is a continuum
where the symptoms can vary from more common, although still disruptive, to severe
clinical variations of ADHD where the traits lie at the extreme end of the spectrum
(Marcus & Barry, 2011). Nevertheless, even though ADHD is quite prevalent, it
causes decreased quality of life and interferes with several areas of one’s life, such as
work, school or social contexts (Barkley, Murphy & Kwasnik, 1996). Albeit, those who
are not meeting all the diagnostic criteria for ADHD can still be functionally impaired

(Arcos-Burgos & Acosta, 2007; Karam, 2009).

Inattention

Attention deficits begin to be significant when an ADHD person is required to
concentrate on command, most of the times on something they consider boring and
repetitive, something that is not exciting for them and they become demotivated. This may
lead to daydreaming or disruptive behavior (depending on their subtype, whether they are
predominantly inattentive or predominantly hyperactive/impulsive), as they are about to
find more interesting stimulus. Hence, the issue here might not just be the ability to
concentrate but the endurance of attention (Paclt et al., 2007).

The endurance might be the problem during task performance without instant
positive feedback (Jucovidova, Zatkova, 2010), or when they need to postpone the
reward, for example, long-term planning, or when they should complete an incomplete
task, as well as the lack of confidence in this area (Goetz, Uhlikova, 2009). Moreover, the
fact that the attention fluctuates, the person fatigue rises, the will and motivation to
complete the task are decreasing and therefore the chance of completing the task is on the
decline too. Without completing the task there is a lesser probability of receiving positive
feedback that is very important for later motivation in their life (Jucoviové, Zackova,
2010).

The inability to hold sustained attention then interferes not only in school, to learn
subjects but has a negative impact on learning social and communication skills, motor
skills or practical skills (Munden, Arcelus, 2008). That altogether manifest in mental
issues, unhealthy coping mechanisms, and social maladaptations, or further psychiatric

disorders (Jucovicova, Z4&kova, 2010; Cahova, Pejcochova, Oslejskova, 2010).
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Impulsivity

Impulsivity is defined as an immediate reaction to a stimulus when the phase of
thought is absent. This means that person acts on the initial idea they have without
consideration of consequences or the procedure of their actions (Jucovidova, Zackova,
2010).

Impulsivity can be manifested by behavior as well as internalized as cognitive impulsive
style and that may lead to fuzzy judgements and hurried decisions. In a life of those who
are affected, it means that they cannot fully control their reactions to stimuli and signals
and might not be fully aware of what they are doing (Drtilkové, Sery et al., 2007).
Together with inattention, this might cause various errors (Paclt et al., 2007). In addition,
as they fail to think of the outcomes that may potentially vary from negative to life-
threatening, it can result in risky activities following higher chance of accidents (Paclt et
al., 2007; Matéjcek, 2011).

The difficulty with impulsivity might challenge individuals also on a
communicational level. People with ADHD have a tendency to talk very quickly, interrupt
the speech of the others, change the topics often, raise their voice without their knowledge
of it, and in general, having a problem to stop talking (Jucovi¢ova, Zackova, 2010).

Regarding the impulsive behavior, it is an indication of unequal CNS maturation,
especially in children, a result of the imbalance of the arousal processes. That contributes

to the lack of self-control, spontaneous and wild behaviors (Jucovicova, Zackova, 2010).

Hyperactivity

The third key indicator of ADHD is hyperactivity. Hyperactivity is described as an
excessive or developmentally disproportionate level of voice or motor activity, which is
irrelevant and purposeless to the situation (Medrticka et al., 2007, Svoboda et al., 2009). It
exhibits itself as a need for constant movement, pointless activities, fidgeting in a way of
lacking the self-control. As a result, a person with ADHD has trouble relaxing, staying
calm, in peace, and inactive (Drtilkova, Ser}'/ et al., 2007).

This behaviors contradict the school setting, distract other students and disturb the

teachers. For that reason, usually, ADHD first start to be apparent as an ADHD child
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enters the school system. They cannot sit in their places, they move around, they are
restless, they are distracted, they cannot maintain the discipline (Munden, Arcelus, 2008).

The permanent physical activity emerges from the whole body, the movements are
often rapid and uncoordinated and may lead to various injuries. Overall, we can say that
the person with hyperactive ADHD in a general tension, physically and mentally
(JucoviGova, Zatkova, 2010). Impressively, hyperactivity causes less fatigue than
expected, although when ADHD person becomes rapidly tired it may lead to irritability
and aggressive responses (Paclt, 2007; Drtilkova, Sery et al., 2007). On a verbal level, the
indicators are excessive and loud vocal expression, frequent comments or interruptions of
others (Paclt et al., 2007).

The degree of motor activity does not match the developmental level, especially in
children. In normal development, there is a progression from a tendency to respond to each
stimulus immediately to learning not to respond but to postpone. This is correlated with
brain maturation and thought and speech development. In children with ADHD, this
process is delayed and it stays in a form of hyperactivity. That means that there is an
inability to demean and differentiate responses to stimuli that constantly come to the CNS
which leads to persistent stimulation. The system is then overloaded as it cannot sense the
fatigue signals and be put to rest (Tresohlava, 1986; Jucovicova, Z4ckova, 2010).

However, later in adolescents and adults, the symptoms might change its nature to
nausea, inability to stay in sedentary activities and discomfort during inactivity or feelings

of nervousness (Drtilkova, 2007).

Hypoactivity

On a contrary, some individuals might have experience with something called
hypoactivity, which means lowered or restrained activity. It might appear in those who are
ADHD inattentive type(type without hyperactivity issues) and it can manifest as an apathy
and disinterest in activities, especially movement, sports or games. The hypoactive
children appear clumsy, sparsely mobile, with cumbersome thinking, which results in them

being classified as stupid or lazy (Michalova, 2007).
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Other symptoms

Other symptoms that can be found in individuals with ADHD might be associated
with the inadequate processing of verbal and nonverbal communication and language. This
with all the other symptoms can have negative consequences on social interactions.
Moreover, people with ADHD may be missing social cues and nod off during social
interactions and conversations. Furthermore, delayed progression in motor development
can result in poor handwriting, reoccurring together with speech and language delays
(APA, 2013).

The important thing about the symptoms, especially the main ones, are a reflection
of years of diagnosing children and often do not signify the symptoms of adults in full
extension. In adult population of ADHD individuals, the core problems can change and
manifest as various difficulties with executive function, for example, poor time
management, poor organization, or memory disruptions causing failing in occupational and
academic spheres (Wender et al., 2001).

On the positive side, more and more studies can be found on a connection between
ADHD and creativity (Cramond, 1994; Fugate et al., 2013). Even though the attention
problems and impairments are significant in ADHD, in some cases, ADHD people can

have a good attention span for tasks they found interesting (Walitza et al., 2012).

1.1.4 Comorbid disorders

The life of ADHD people does not complicate just the disorder by itself, but it is
determined by comorbidities, often more than one. To have ADHD as a single diagnosis,
that is rare. Comorbidity can be found in 75% of ADHD adults and 65% of children with
ADHD. Moreover, in 33% of those who are affected, there are two or more comorbidities
are present, and the average number is three (Reimherr, F. et al., 2005; Wood et al., 1985;
Reimherr, 1987).

The problems with having multiple disorder are possible difficulties with treatment,
overlapping symptoms and trouble getting proper diagnoses(and risk of misdiagnosis).
Although, the rates of comorbidity are relatively high, reasons why are not clear yet
(Drtilkova, 2007).

Most common second diagnoses and the most researched are depressive disorders

and anxiety. In depression, it represents 20-50% and for anxiety, it is 40-60%
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Unfortunately, people with ADHD are also more prone to have another diagnosis
compared to the population without ADHD, which is another reason why these numbers
are so high (Reimherr, F. et al., 2005; Wood et al., 1985; Reimherr, 1987).

In children with ADHD immense percentage appears to have various learning
disabilities, around 20-30% of them manifest developmental and educational problems,
including language, speech and other disorders that prevent these children to gain required
skills and in some cases, they are unable to gain an education, even though their
intelligence is not in question. Paradoxically, despite all the incapabilities affiliated with
ADHD, ADHD is not considered learning disability. (Willcutt et al., 2010).

Frequently, ADHD people are at higher risk substance abuse, gambling or additions
in general, as well as an early onset of these(usually adolescence) (Kooij et al., 2010).

The reasoning behind this might be coded in ADHD brain, specifically the altered reward
pathways and dopamine imbalance (Emmerik-van Oortmerssen et al., 2017). Gender might
play a little effect on comorbidity. One study (Wilens et al., 2009) revealed higher rates of
depression(specifically dysthymia) in men and anxiety in women from clinical patients
with ADHD. More comorbidities commonly associated with ADHD diagnosis are autism
disorders (10-20%), bipolar disorder (10%) and sleeping problems (80%) (Reimbherr, F. et
al., 2005; Wood et al., 1985; Reimherr, 1987).

1.1.5 ADHD in children

Generally, children have through their development many challenges and
expectations, more difficult when they occur to have ADHD. They usually have a lot of
energy, are not as organized and attentive as adults, but they develop and get used to what
the society expects from them. At the same time, no child is perfect and even healthy
children may have some delays, however, eventually they catch up and carry on. The other
case is when they have ADHD.

The characteristics become symptoms when the degree of exhibited behavior
exceeds age-appropriate level then it all sums up and creates a syndrome or disorder.
Issues significantly increase as soon as the child starts to go to school. Requirements are
strongly put on attention and obedience. The brain of an ADHD child is not mature enough
to meet such demands (Paclt et al., 2007). Moreover, they do not have the competent
social skill which may often lead to problems with teachers and classmates. ADHD

children seem to be careless, loud, disobedient, moody, unsuccessful with school tasks and
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tests, sometimes even aggressive. With the lack of self-control and pressure from their
surrounding, they start to have low self-esteem and often develop depression or anxiety.
Although, the symptoms tend to decline to some extent, it takes years and the time when
the ADHD children are at school are pivotal for their development and consequentially for
their later life and adulthood.

Usually, when they are early diagnosed and put to therapy or medication, the impaired
areas improve. However, they can never be “cured” from ADHD, they can learn to identify
their weaknesses and learn how to cope with them (Geddes et al., 2012).

On the other hand, untreated ADHD can worsen the situation for ADHD child in
the period of school attendance, but has a large impact on adulthood and later life
expectations and needs. They might develop comorbid disorders (like depressive and
anxiety disorder), get bullied or otherwise traumatized. Any person with ADHD has a
chance of adequately “normal” life when treated, everything depends on degree and

severity of symptoms — about it in later chapters.

1.1.6 ADHD in adults

Formerly, ADHD as a developmental disorder, seen by many as its hyperactive
presentation,was believed to be to be present in children and that its symptoms diminish
with age. It was not until the late 1960s that the researchers realized that significant
proportion carried the symptoms from adolescence to adulthood (Barkley 2009, Lara et al,
2009). There have been longitudinal studies that documented the persistence of
impairments and related difficulties in most of the cases, reportedly 60-70% of children
continue to have ADHD as adults (Biederman et al., 1995; Faraone et al., 2006). That
makes it now approximately 1— 7% of the adult population (Spencer, 2007).

Acknowledging the disbalance in research on symptoms and implications of
ADHD between the children and the adults, we may conclude that in children ADHD is
very well known in comparison to adults where the presentations of those symptoms, the
main ones — inattention, hyperactivity, and impulsivity, as well as related ones are not that
well researched yet. While children may present the symptoms as various difficulties in
relation to school setting or other developmental expectations for their age, in adults the
symptoms manifest rather internally or more subtle expression. The adults are in a
different life situation and have more responsibilities for themselves and for the others.

However, the demands and stakes are higher for adults, especially for those with ADHD.
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In general, they still manifest excessive talking, inability to focus the attention the
proper way at the time that it is required, internal restlessness, forgetfulness, recurrently
shifting from one activity to another, daydreaming or they are incapable to relax (Kooij et
al., 2010). In contrast, hyperactive and impulsive symptoms decline in adulthood,
inattentive symptoms persevere (Pliszka, 1998).

For many, they can have problems to achieve higher education. For once, they may
encounter difficulties in school as children, due to symptoms or comorbidity with learning
disabilities, and higher demands could not meet their abilities. Secondly, although they
may enter into the higher education system, there their impairments might collide with
high expectations they are put in. They suffer from higher rates of school transfers and
academic failure (Sprich-Buckminster et al., 1993). This may be caused by their lowered
capacity to finish academic tasks on their own, affected by inattention mostly, as well as to
be organized and on time. That is where it can result in underachievement at school and
later in the workplace. The unfortunate thing is, that such data speak about ADHD people
with equal cognitive ability as their peers, oftentimes this is a problem of ADHD people
with higher IQ, as this imbalance is sometimes causing more problems than it helps
(Wilens et al., 2011).

After college or without the college, ADHD adults try to enter the workplace.
However, they often try numbers of jobs until they find one they keep or succeed. The
symptoms of ADHD influence their everyday lives and impact the job performance,
resulting in being frequently late or absent, being unable to complete work tasks and
making excessive errors. [41] ADHD adults have statistically higher rates of
unemployment which can lead to financial problems and lower socioeconomic status
(Barkley et al., 2002; Simon et al., 2013).

Boredom in the workplace and interpersonal difficulties with people at work is one of the
reasons why they often choose to be self-employed or can succeed in certain kinds of jobs.

All the symptoms and related problems are connected and can further result in
other areas of life. One such area is relationships, as they show to have fewer social
connections, short-lived partner relationships, marital problems and higher divorce rates.
This leads to the feeling of isolation, loneliness, and shame due to failures. In addition,
many of ADHD people have gambling problems and problems with addiction (alcohol and
substance abuse) from trying to cope with symptoms, related difficulties, or their tendency

for sensation seeking behavior prone them to the higher rates of driving
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accidents(impulsivity and distraction) and other accidents (Kooij et al., 2010; Sprich-
Buckminster et al., 1993).

Overall, the symptoms have a large impact on their lives, one way or another, from
problems in various areas to unhealthy lifestyle and poor mental health. To deal with
functional impairments is not easy, however even to get the diagnosis is not the easiest as
well. There is no fast or guaranteed test to do it, not yet even neurofunctional correlates to
connect them to ADHD. Howbeit, we have DSM-5 criteria that were designed to help
address the adults who might be affected. Unfortunately, at the moment, most of the
ADHD adult population is still untreated, not to mention those who are under-diagnosed or

even misdiagnosed.

1.1.7 Diagnosis of ADHD

The diagnostic process has its outcome after a chain of assessments to determine
whether the person’s disruptions are severe enough(and distinctive enough) to gain the
diagnosis. First, they must have issues to extend that it disturbs their lives in several
environments(home, school, work, etc.) and their ability to cope lowered enough that it is
causing incompetence to deal with everyday life. For developmental disorders, like
ADHD, the onset age have to be set, in such case, in childhood, and for it to be present the
problems must have encountered for a longer period.The diagnosis can be assembled by
various specialists, depending on where the problems started, or the approach of people
concerned(themselves or in child’s case, the parents or the teachers) and also the country
and their health system evaluation the person residents in. This can vary from psychiatrists,
psychologists to broader collective specialists like clinicians, pediatricians or teachers, the
later stand for those in the United States, mostly (APA, 2013).

ADHD is a very heteronomous disorder that is rather a spectrum, in its own
variations, not counting when occurring with comorbidities. Although, there are not two
cases that would be the same, for the diagnostic purposes the characteristics of the disorder
are generally the same, and are equivalent to the children, adolescents, and adults, with
some variations for settings that come with age(school versus work), respectively.

However, the expressions of the symptoms might change with age (APA, 2013).
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The Diagnostic and Statistical Manual of Mental Disorders(APA, 2013), known as
DSM, in its most current fifth version, is a classificational manual created by American
Psychiatric Association (APA) that categorize psychiatric diagnoses, alongside with
treatment proposals has a great practical importance. Their latest version was released in
2013 and has some changes to ADHD diagnostics as well. The ADHD classifiers have
changed over the time, ADHD appeared in the manual in DSM-III (APA, 1980), although
a certain variation of the disorder existed already in DSM-II (APA, 1968) under term
Hyperkinetic Reaction of Childhood. Additionally, in the fourth version, it gained criteria
for the adult population for the first time (APA, 1994).

It is set that Attention Deficit Hyperactivity Disorder (ADHD) is classified under
developmental conditions usually with onset age around 12. The symptoms have to be
present for at least six months and should impact two or more settings(family and home,
work, school, social, leisure time, etc.). The criteria are divided into main groups of
symptoms — inattentive and hyperactive/impulsive. The minimum number of symptoms
from one or both criteria groups is six for the children, but for older adolescents and adults
it is five. There are 18 symptoms for ADHD altogether including examples of behavior,
which sometimes different for children and adults(the examples, not the symptoms), as the

settings change with age, as well as the developmental expectations (APA, 2013).

The symptoms of inattention

- Very easily distracted

- Trouble maintaining attention on a task, often avoid tasks
- Keep missing details, making reckless mistakes

- Sluggish organizing and time management skills

- Problem with following instructions

- Often losing things, forgetting things

- Frequently incapable to finish tasks and assignments

- Appear not listening when others are speaking

- Problems with accuracy, processing slowly, easily confused
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The symptoms of hyperactivity/impulsivity

- Frequent fidgeting with feet or hands, moving in seats
- Constant talking

- Interrupting others when they speak or in their activity
- Feeling restless or in constant motion

- Impatient, having trouble waiting

- Unable to relax or engage in quiet activities

- Problems sitting and staying seated for a longer period
- Improper commenting, showing off emotions

- Blurting out answers before questions are finished

According to the prevalence of symptoms in these groups, there are three ADHD
presentations a person can fall into:

- Predominantly Inattentive presentation — prevailing symptoms of inattention, less
hyperactive and impulsive symptoms — poor concentration, forgetfulness, distraction,
daydreaming, disorganization

- Predominantly Hyperactive-impulsive presentation — the majority of symptoms of
hyperactivity/impulsivity, less inattentive symptoms — restlessness, agitation, difficulty
staying still

- Combined presentation — prevailing symptoms in both criteria groups, inattentive and

hyperactive/impulsive

DSM-IV vs DSM-5

The DSM-IV was the first version, which included adult ADHD and first having
types of presentation of the disorder. Although there were controversies surrounding
these(and other) novelties, it was released in 1994, and even though the main part of 18
symptoms in unchanged, there has been enough research since then, that this version is a
bit outdated for some changes in DSM-5 that even that they seem small, have recorded
impact ((Barkley et al., 2005; Meijer, 2009).

The DSM-5 had two decades of research to built changes they wanted to implement
upon its release in 2013. The first adjustment was lowering the number of symptoms
required for late adolescence and adults from six to five (for children six symptoms

persisted). Secondly, they elevated the onset age from seven to twelve as a requirement for
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the first occurrence of symptoms. Then they changed “subtypes” of ADHD to
“presentations” of ADHD to enable set the difference that “type” referred to something
stable, but “presentation” reflects fluidness that can happen over the lifespan, with age and
developmental stages, for example when combined presentation in children can transition
into the predominantly inattentive presentation (Epstein & Loren, 2013).

Other changes were addition of examples of behaviors for symptoms for adults,
pervasiveness is now “evidence of symptoms” instead of “evidence of impairment”, for
impairment the requirement is “reduction of quality in functioning(occupational, academic
or social)” and not “clinically significant” and Autism Spectrum Disorder is no longer
condition for diagnostical exclusion. The last transition made was an addition of modifiers
for the severity of ADHD can be quantified (from mild to moderate or severe) and the
possibility to code ADHD as “in partial remission” when the full criteria are not met at the
time of the diagnostic process (Epstein & Loren, 2013).

Most notably it has the biggest impact on diagnosing ADHD in the adult population

and to help specialist with the identification of disorder and choosing the treatment.

ICD-10

Besides American DSM-5 there is another diagnostic tool that can be used for
diagnosing people with ADHD symptoms. The criteria for International Classification of
Diseases, or ICD-10 for short(tenth revision from the year 1992), were developed by
World’s Health Organization (WHO) and in their version, the disorder does not carry the
name ADHD but it is called Hyperkinetic Disorder (HKD). The categorization and criteria
for this disorder partially different to some extent. At the moment, it more similarities with
DSM-IV than DSM-5. The onset age for HKD is the age of seven and symptoms must be
present for six months or more, with interference with two or more settings. ICD-10 also
includes subtypes, which are namely the same as in DSM-IV, and requires 6 and more
symptoms for each type (World Health Organization, 1992).

The WHO manual ICD-10 is widely used, but mostly outside of North America,

especially in many European countries.
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1ICD vs DSM

Many points in ICD-10 and DSM-5 are rather the same, there are some differences
that in the end might be the reasons why there is a significant disparity in prevalence of
their disorders.

The criteria and categorization for ICD-10 are narrower, therefore the stricter rules
result in lesser cases of diagnoses than in comparison to DSM-5. However, all the cases of
HKD would still be identified in ADHD as it is from DSM-5, unfortunately not the other
way around. Another issue is strictness regarding exclusion of comorbidities, as in ICD-10
HKD has to be a single diagnosis, thus having depression or autism would be a reason for
exclusion (Taylor et al., 2004).

Both manuals have their beneficial purposes as well as weaknesses, although many
European countries might use ICD-10, more and more practitioners choose to use DSM-5
for ADHD criteria with its wider interpretation, as for psychiatric disorders DSM-5 is
currently most used classification (Kooij et al., 2010).

On the other hand, there is planned a release of ICD-11 this year (2018), which
from initial draft seem to take classification form from DSM-5 in a case of ADHD and

probably will be close to identical.

Differential diagnostics

As mentioned before, commonly ADHD is more than not associated with more
disorders or related diagnosis. In that manner, it can be really difficult to separate the
two(or more), where the symptoms lie, whether they overlap or one excludes the other, and
the impact that they make altogether. Moreover, the severity of these multiple diagnoses
might differ slightly or remarkably, which makes it even more complicated.The risks here
vary from misdiagnosis or getting undiagnosed, wrong or insufficient treatments and
medications, to higher stress and actually getting worse instead of getting better.

Therefore, the very important thing in the diagnostic process is the differential
diagnostic. Various disorders can be found with symptoms that look like symptomatology
of ADHD. Aforementioned can represent symptoms of learning disorders, mood disorders,
depressive disorders, anxiety disorders and more. Even increased stress or some somatic
disorders can mimic ADHD symptomatology to some extent. Precaution is very important,

so in the evaluation process, appropriate diagnostic tools and approaches should be used to
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minimize the risks. To consult family and friends for the diagnostics might be one of the
approaches. After differential diagnostic and diagnostic process is through, finding

appropriate treatment is essential (Kooij et al., 2010).

Other diagnostics — scales and measures

The diagnostic manuals mentioned before are not the only ones used in order to
obtain a diagnosis. The manuals are materials that are used to develop various diagnostic
tools and scales for a number of different purposes, there can be self-reporting scales, long
or short versions, screening versions, interviews(structured or semi-structured) or else.
These tools may also appropriate diagnostic for cultural contexts and expectations.

The approach and choice of diagnostic tool can also vary, depending on who is
assessing the diagnosis, for the purpose (getting a diagnosis for treatment or research
purposes), accessibility of the tools and measures and many other reasons. For example,
the interviews are used for assessing diagnosis for both children and adults, whereas for
children are critical evaluations from family and teachers, for adults process begins with
self-report scale and may continue with an interview later (Kooij et al., 2010).

As we mentioned before, manuals are turned into tools, most common for such a
purpose was DSM-IV. It lasted almost two decades, so it is not surprising that it influenced
so many of them. We categorized the diagnostic tools according to DSM versions for

clarity and present them below:

Diagnostic tools used for DSM IV:

DSM-IV (1994)
=  Adult Rating Scale (Weyandt, 1995)
=  Adult ADHD Rating Scale (Brown, 1996)
= Current ADHD Symptoms Rating Scale (Barkley & Murphy, 1998)
= Utah Criteria for adult ADHD (Wender, 1998)
= Conners' Adult ADHD Rating Scale (Conners et al., 1999)
= Conners’ Adult ADHD Diagnostic Interview (Epstein et al., 1999)
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DSM-IV-TR (2000)
= The Adult ADHD Self-Report Scale (ASRS) (Kessler et al., 2005)
=  Adult ADHD Clinical Diagnostic Scale (ACDS) (Adler, 2014)
= The Diagnostic Interview for ADHD in Adults (DIVA) (Kooij, 2013)

The most used of them are ASRS, CAARS, and DIVA. The ASRS was created by
the World Health Organization (WHO), and the Workgroup on Adult ADHD [60]. It can
have eighteen symptoms checklist from the DSM-IV criteria or shorter screening version
consisting of six most predictive questions, for its purpose to better represent the
manifestation of ADHD in adults. The variations of CAARS scale determine occurrence
and severity of ADHD. Its first version was developed in 1999 to address the ADHD
symptoms in the adult population, whether ADHD impact person’s life causing
impairments. The DIVA questionnaire was created by Dutch researchers J.J.S. Kooij and
M.H. Francken in 2007 and is the latest of these three. It contains checklist, various full
examples for various settings for children and for adults, although it investigates only the
presence of ADHD, not other disorders(Kooij, 2013; Harpin, 2005).

These scales were proficient in detecting ADHD adults and are periodically
updated to newest versions of classification manuals, hence years of research was done in
versions which correspond with older DSM-IV, sometimes the DSM-IV versions were still
used after DSM-5 was released, which is a little bit unfortunate for the cases of ADHD that
it might miss.

Interestingly, very latest of all is The WHO Adult ADHD Self-Report Screening
Scale for DSM 5 (Ustun, 2017) which was created according to up-to-date DSM-5
requirements wich modern technology, to be precise - the Risk-Calibrated Supersparse
Linear Integer Model, a machine-learning algorithm that was developed to help create
screening scales. It was chosen because it was able to work out the optimal integer weights
and limited numbers of screening questions. The resulting screening scale is short, enables
for easier scoring, detects higher numbers of adult ADHD cases in the general population
and it does so with deeper analytical insight, sensitivity to the data and specificity in the
results. It’s capable of differentiating well among patients presenting for special treatment
and evaluation.

Conclusively, the study (Ustun, 2017) pointed that even updated DSM-IV scales

underperforms compared to the DSM 5 version but is capable of detecting most of the
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DSM 5 cases and do so at a threshold with a relatively low false-positive rate, though at

the expense of a highly upwardly biased prevalence estimate.

Neurological diagnostic

Alongside increasing neuroimaging studies, the question arises whether it is
sufficient to use neuroimaging techniques as adequate screening or diagnostic
measurement. Currently, the state of these tests does not have proficient accuracy and
sensitivity to determine ADHD diagnoses.

One of them is quantitative electroencephalography (QEEG) and it may or not
discover about neurological and quantitative dysfunctions of ADHD if successful.
Correspondingly, neuropsychological tests can be used, to mention some, for example,
Stop Signal Reaction Time or CANTAB(battery) tests, and other computerized tests for
evaluations of reaction time response or various executive functions, which can help us
better understand the extent of limitations within the disorder (Taylor et al., 2004).
Although, they seem promising and in the near future they can uncover other interesting

implications about this disorder.

1.2 Neuroscience of ADHD

After years of ADHD being treated as a behavioral disorder, instead of
developmental, specifically neurodevelopmental disorder it is, and technology advanced
we can finally investigate the differences in ADHD brains, the amount, locations, scope of
impairment in brain structures and neural pathways and its meanings, implications, and
presentations on the outside. It is not an easy task, ADHD is a very heterogeneous
disorder, that varies in presentation, severity, comorbidity, and is different within lifespan
(children versus adults).

There has been a big boom in research including neuroimaging techniques, and in
research on ADHD as well, especially the research on adult ADHD is still on a rise. Since
then, there is more and more data that confirms what was previously more speculated than
acknowledged — that ADHD brains are different. Interestingly, in the brain, even small
change can have huge implications, and probably that is the case of an ADHD brain — a lot
of smaller changes on different places make this disorder what it is and add up to its

heterogeneity. The heterogeneity is at the same time one of the limitations to assess exact
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difference or dysfunction for all the ADHD presentations in their diversity. Nonetheless,
these findings from neuroimaging studies represent valuable insight into ADHD, for the
research progress as well as a possible future of diagnosing and treatment of ADHD.

(Willcutt et al. 2005; Swanson et al. 2011).

1.2.1 Brain structures in ADHD

The abnormal ADHD brain functions in brain structures are the cause of problems
in ADHD in present as well as in development. The different morphology can be detected
early, though not progressive. These abnormalities carry on into the adulthood, however in
such case are larger for those who di not use the stimulant as a treatment (Taylor et al.,
2004; Geddes et al., 2012).

The structural and functional neuroimaging studies using transcranial magnetic
stimulation and electrophysiology on ADHD population showed diversity in the frontal,
temporal and parietal cortical part of the brain (Taylor et al., 2004).

Differences in the prefrontal cortex and related subcortical structures might relate
to concentration issues and restlessness as they are connected to behavior management and
response delay (Geddes et al., 2012).Such prefrontal hypotheses for ADHD elaborate on
the dorsolateral prefrontal cortex, that is affecting attention, planning, organization, and
working memory, along with the orbital lesions which correlate to impulse control
dysfunctions and social disinhibition (Seidman et al, 2005).

To investigate the structures of ADHD brains neuroimaging studies use the
magnetic resonance or computerized tomography. Frequently, they were able to find
smaller capacity in the frontal cortex, cerebellum, striatum (basal ganglia) and callosal
areas (Seidman et al, 2005; Taylor et al., 2004).

Generally speaking, there are volume reductions in certain brain structures,
especially proportion decrease in the left-sided anterior cortex, that can be found in
children with ADHD. Moreover, the posterior parietal cortex is thinner in ADHD groups
when compared to controls. The difference in brain structures of ADHD individuals are
also exhibited within the prefrontal-striatal-thalamic and prefrontal-striatal-cerebellar
circuits (Albrecht et al., 2015).

Further evidence stands for connection between ADHD and potential variations in

structure, functions and neurotransmitter activity in a number of brain regions of ADHD
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children and adults. Especially neuroimaging studies associate ADHD with structural

deviations in the brain, like the following (Nakao et al., 2011; Proal et al., 2011):

= Dissimilar cortical structures
= Alterations in white matter
= Decreased grey matter density

= Lower cortical thickness (adults)
= Delayed cortical development and maturation (children)

=  Compressed brain structures and total brain volume (Castellanos et al., 2002)
Various brain regions are correlated to brain network and those to diverse cognitive
functions, for example, frontal regions and its effect on attention and executive functions

which may imply its dysfunctions in ADHD (Makris et al., 2006).

Difference in brain activity in ADHD

Some EEG studies found elevated slow wave activity and a greater theta/beta ratio
while in rest in ADHD children in comparison to control group of children (Barry et al.,
2003). Regarding the ADHD adults the results are not that persistent (Koehler et al., 2009).
A study from 2010 done by Buyck compared ADHD adults with a control group and found
no difference in theta/beta ratio, although adults with ADHD did not show an
anteriorisation of theta activity during task performance, but instead exhibited less reduced
alpha 1 activity.

Their findings showed an irregularity in slow wave activity in ADHD adults while
performing the task, therefore they suggest that EEG activity might become useful to

discriminate between adults with and without the disorder.
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Brain laterality in ADHD

One of the theories is that cognitive dysfunction in ADHD may be due to irregular
brain laterality (Hale et al., 2009). Studies of behavioral research documented this atypical
laterality of ADHD brain on behalf of tasks which focused on laterality including the
dichotic listening task, the lexical decision task, the line bisection test and Posner’s cueing
task (Hale et al., 2006; Song & Hakoda, 2012; Carter et al., 1995; Hale et al., 2005).

In the context of ADHD impairments, there is a possibility that laterality
abnormality can interfere with post-error processing in ADHD, or it can be caused by the
combination of different laterality and impediment in the motor activation regulation
(Saleh, 2016). Consequently, it can be concluded that it relates to left brain hemisphere as
it is dedicated to regulating motor activation state with dopaminergic neurons (Tucker &
Williamson, 1984; Declerck et al., 2004). This means that left hemisphere increases its
activation particularly when it needs to keep the optimal task performance while the slower
stimulus is presented. Such a function of left brain hemisphere might affect ADHD as a
regulation issue of motor activation state during slower rates which thereafter causes
substandard task performances like error processing. However, it is not just left
hemisphere that can hold answers to cognitive impairment in ADHD, on the other side,
some researchers incline to dysfunctions in right hemisphere (Hale et al., 2009b; Mohamed
et al., 2015; Sandson et al., 2000).

The structural evidence in favor of ADHD brain distinctiveness is one of the first

that may be successful in the determination of causes and implications of this disorder.

1.2.2 Neurotransmitter pathways and neurochemistry of ADHD

The most frequent explanation for dysfunctions in ADHD and probably one of the
first ones is the imbalance of dopaminergic and noradrenergic systems which is implied to
be connected to the core symptoms of ADHD (Pliszka, 1998).

Their agents are responsible for inhibitions of frontal cortical activity on subcortical
structures when they are increased. The dopamine and norepinephrine pathways
start in the ventral tegmental space and locus coeruleus, and from there they are lead to a
number of different brain regions where they manage diverse cognitive processes.

Particularly, the pathways of dopamine and norepinephrine transmit to the

prefrontal cortex and corpus striatum and are important for adjusting the executive
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functions like cognitive control of behavior, as well as motor functions, reward perception
and motivation (Albrecht et al., 2015). The model is supported by the fact that treatments
for ADHD, the stimulants, in particular, are addressing this lack of dopamine in ADHD
brains (Spencer et al., 2007).

Sometime before, the researchers hypothesized the ADHD pathophysiology stands
in the raised range of dopamine transporters in ADHD brain, but later it was discovered
that it is due to adaptation to stimulants. Nevertheless, psychostimulants as a treatment for
ADHD are reportedly effective as they increase the activity of the neurotransmitters in
aforementioned systems. Albeit, the current models address the locus coeruleus-
noradrenergic system and the mesocorticolimbic dopamine pathway in their research
(Albrecht et al., 2015).

Another theory comes from studies with cross-sectional and longitudinal
evaluation,
and describes the effects of abnormal in fronto- subcortical pathways in ADHD. There,
caudate, putamen and globus pallidus (subcortical structures) are components of neural,
frontal striatal-pallidal-thalamic circuits that deal with the modulation of reward pathways,
besides inhibition of behavior, executive functions, and motor control, plus they handle
feedback to the cortex for the regulation of behavior (Bush et al., 2005).

Mentioned pathways employ catecholamines that carry out the stimulants from
ADHD medication which are used as a treatment for this disorder, and some were able to
find genetic connections to ADHD (Geddes et al., 2012). The cerebellum and corpus
callosum are also connected to the pathophysiology of the disorder. The corpus callosum is
connecting homotypic regions of the hemispheres and in the case of size and volume
differences in the callosum and its neurons may be the reason of decreased hemispherical
communication which then causes behavioral and cognitive problems in ADHD. The
cerebellum’s role is through cerebellar-cortical pathways (with the pons and thalamus)
which reflects cognitive functions (Berquin et al., 1998; Castellanos et al., 2002).

More pathways that can be related to ADHD, or dysfunctions of these pathways,

are cholinergic, glutamatergic and serotoninergic pathways (Albrecht et al., 2015).
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1.2.3 Working memory in ADHD

One collective system that is impaired in ADHD is working memory. It derives
from ADHD symptoms of inattention, forgetfulness, missing details, accuracy problems,
slow processing (APA,1013). Working memory is one of the key components of cognitive
processing and its dysfunctions have problematic implications for people with ADHD.
However, working memory does have identified brain structures, some of which are
affected by ADHD.

In the study done by Ko(2013) participants with and without ADHD were put
under functional magnetic resonance scanning and performed phonological and visual-
spatial 2-back and 3-back tasks. The aim was to examine deficits of brain activation for
low-level or increased-load of working memory of ADHD adults.

The results showed that in ADHD group demonstrated the greater intensity of
activation of the fronto-parietal network for working memory when compared to the
controls.

When the task load increase occurred (from 2-back to 3-back tasks), ADHD participants
appeared to have more difficulties.For phonological working memory, ADHD subjects
exhibited greater brain activation over the left inferior frontal lobe, supplementary motor
area (SMA), hippocampus and bilateral anterior cingulate.

Furthermore, they found a larger decline in brain activation over the left fronto-
parietal network, in particular, dorsolateral prefrontal cortex, insula/inferior frontal lobe,
supplementary motor area and precuneus in ADHD group in comparison to the control
group.

In conclusion, the findings imply that ADHD adults produce more effort for low-
demanding phonological working memory. However, the left fronto- parietal network
brain activation is compromised when expectations for working memory surpass the

capacity of ADHD adults.

1.2.4 Etiology of ADHD

Although currently ADHD is considered a disorder, from the evolution point of
view, it might just be an advantage in times. High heterogeneity could play a role in
reproductive fitness as complementing the gene pool diversity or being valuable for society

when faster responses dangerous and unknown environments and advanced hunting skills.
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However, compared to nowadays we can assume that such characteristics may be
advancement or incompetency of ADHD individual depending on time and society they

live in (Anney et al., 2008).

Genetics of ADHD

On the whole, it is concluded that ADHD has a high genetic disposition.

The recent degree of inheritability is 0.8 and approximately 80% of the phenotypic
variability is possibly grounded in genetics. Numerous research studies on twins showed
mean heritability of ADHD was 75%- 90% (Geddes et al., 2012; Kessler et al., 2005;
Kessler et al., 2006).Naturally, in monozygotic twins is the effect higher than in dizygotic
twins, suggesting the influence of genetic factors.In the families of ADHD individuals, the
parents and sibling have 2-8 times higher chance to carry ADHD as well. The
predisposition to ADHD may be due to a number of various genes of small effect, which
makes ADHD multifactorial condition with solid genetic foundation and probably one of
the most heritable disorders (Weiss et al., 2002; Higgins & Edmund, 2013) Genetics can
possibly influence whether and how much ADHD continue into adulthood.

Multiple genes are considered the role in ADHD, most of them are in some relation
to dopamine, to name a few — dopamine transporters and receptor and the monoamine
system (Geddes et al., 2012). For instance, genes identified in ADHD that code dopamine
receptors and transporters or serotonin transport are DAT, DRD4, DRDS5, DAT, DBH,
TAARI, MAOA, COMT, 5-HTT, and 5-HTR1B. More variety of genes associated with
ADHD can include BDNF, SERT, SNAP25, ADRA2A, GRIN2A, and TPH2. Ordinarily,
more of ADHD-related genes have to be present to affect the individual on a level that it
would cause ADHD, so they are probably just a contributing factor to this complex multi-

etiological disorder (Taylor et al., 2004).

1.3 Cognitive differences and decision making in ADHD

It is established that ADHD is defined by its two main domains - inattention and
hyperactivity/impulsivity (APA, 2013) that have distinctive neural and cognitive attributes
(Fair et al., 2013; Carr et al., 2010; Solanto et al., 2009), however, the definitive cognitive

and behavioral characteristics are not well understood.
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Subsequent to coping with continuous mental efforts in relation to obstacles caused
by core symptoms, cognitive task performance was proposed as an aspirational measure
for ADHD research (Willcutt et al., 2005; Kessler et al., 2006; Wilens et al., 2009). For
such a performance the motivation and basic cognitive abilities are probably needed
(Chhabildas et al., 2001; Willcutt et al., 2005; Wang et al. 2011). Unfortunately, currently,
around 10-30% of unaffected subjects cannot be set apart from those affected by ADHD
solely dependent on cognitive tests (Kessler et al. 2006).

From some theories and observation, people with ADHD suffer many problems
like losing things (organization), forgetfulness or attention (working memory) or
impulsivity (response inhibition) that are correspondent to various executive functions.
(Willcutt et al. 2005; Kessler et al. 2006). A number of researchers even suggest that is, in
fact, might be a subject of a subgroup of ADHD (Nigg et al., 2005).

This impairment of cognitive processes applies to children as well as for adults
(Berlin et al., 2004; Biederman et al., 2004; Lambek et al., 2011; Seidman, 2006; Adler,
2010; Nigg, 2005; Balint et al., 2009). One of the core impairments might be inhibitory
control deficit (Barkley, 1997; Nigg, 2001) that negatively influences further cognitive
mechanisms and affects work, social or academic environments (Barkley, Murphy, &

Kwasnik, 1996).

1.3.1 Executive functions

The insufficiency of executive functions, such as inhibition control, attention
management or working memory can cause some symptoms of ADHD. The prevalence of
ADHD people impaired with executive function in at least one task performance can be up
to 80%, in comparison to those without the disorder. The issue with ADHD executive
dysfunctions occurrence is that they may start to be more evident with age, maybe in
adolescence or in early adulthood, which is probably caused by both increased demand for
executive control and maturation of the brain. (Albrecht et al., 2015).

Executive functions are those kinds of processes that regulate the choice and
monitoring of behavior that lead to the achievement of appointed goals. Therefore, the
impairments in ADHD produce problems with keeping the time, maintaining
concentration, ignoring distractions, remembering details, staying organized or excessive

procrastination, which are eventually self-management skills that are based in the brain, for
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instance, metacognition, working memory, planning, organization, self-control or
flexibility (Fone & Nutt, 2005).

For the adults with ADHD, it means that the working life is impaired mainly by
executive dysfunctions. However, the problems may occur in various other settings, such
as personal life or leisure time activities (Sonuga-Barke et al., 2010).

Moreover, it seems that also non-executive systems are impaired in ADHD (Balint et al.,
2009; Boonstra et al., 2005; Hervey, 2004; Schoechlin & Engel, 2005), as well as that the
executive dysfunctions are not only characteristic to ADHD (Oosterlaan et al., 1998;
Sergeant et al., 2002).

Both non-executive and executive parts of cognitive processes are distinctive, but
both related to ADHD symptomatology, which can be identified especially in the
motivation/emotion domain (Solanto et al., 2001; Sonuga-Barke et al., 2003; Thorell,
2007), measures on these functions can further differentiate neuropsychological
subgroups(as no impairment, combination of executive and non-executive deficits, non-
executive deficit only, and executive deficit only combined) (Nigg et al., 2005).

ADHD can also be connected with functional and structural brain diversity in
regions correlated with executive functions (Spencer- Smith and Anderson 2009), such as
anterior cingulate, basal ganglia, prefrontal cortex and motor regions (Bradshaw and

Sheppard 2000).

1.3.2 Decision making

In order to understand human behavior, in general, or those affected by the
disorder, we should start at the beginning, i.e. with cognitive processes and decision
making.

With developmental disorder as ADHD, the impairments in attention, impulsivity and the
other cognitive malfunctions linked with this disorder (Barkley, 1997) may lead to
different decision-making processes and results.

With this in mind, the very beginning are the neural pathways as mentioned in the
previous chapter, whether they are dopamine and norepinephrine pathways or other that
relate to ADHD. There are multiple pathways as a way to understand ADHD and these
pathways are often associated with executive functions, motivation, reward systems or
motor functions and are key to ADHD pathology (Albrecht et al., 2015). Inspired by these
pathways, models of ADHD were created.
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Models of ADHD

In the past, ADHD causal models revolved more around ADHD phenotype
explanation corresponding to single core symptoms and deficits (Barkley, 1997; Quay,
1997). Up to the present time, the course shifted toward multiple-pathway approach, for
instance, some models feature motivational/emotional pathways (Nigg & Casey, 2005;
Sagvolden et al., 2005; Sergeant, 2000; Sonuga-Barke, 2002).

One of the reasons for this advancement was research trying to explain ADHD
entirely by executive dysfunctions (Barkley, 1997; Quay, 1997), however, it cannot, it
explains rather the inattention than hyperactivity or impulsivity (Nigg et al., 2005; Thorell,
2007), therefore those impaired with the inattentive presentation of ADHD may be
affected.

Model of ADHD: dual-pathway model

First to mention is currently very instrumental model - dual-pathway model. It is proposing
a point of view where it defines variability of two pathways that lead to ADHD phenotype
(Sonuga-Barke, 2002; Sonuga-Barke, 2003).

Cognitive pathway — the first of the two, affects the executive circuit. The when the
executive circuit which resolves in frontal cortex (primarily in the dorsolateral prefrontal
cortex) is altered the results are various executive dysfunctions.

In ADHD it can represent cognitive and behavioral dysregulation, for example, emotion
dysregulation, poor behavior management or problems with planning and organizing
(Sonuga-Barke, 2003).

The second — reward circuit, serves as a motivational pathway and includes the
amygdala, anterior cingulate, orbitofrontal cortex and nucleus accumbens. A variation to
this pathway produces a deficit in delay performance of contexts that are rich and
potentially rewarding. For example, shorter delay reward gradient, in particular, a higher
level of delayed reward discounting which leads the individual to try to avoid delay. Such
a person then act on instantaneous decision making and prompt, often impulsive behavior
to minimize an outcome of delayed results (Sonuga-Barke, 2003).

In conclusion, corresponding behaviors align with the symptoms of ADHD like the

impulsivity in fast decision making, instant action to meet the stimulation manifest

35



hyperactivity and prioritizing irrelevant stimuli creates inattention, and can be found in
children as well as in adults with ADHD (Bitsakou et al., 2009; Sonuga-Barke et al., 1992;
Marx et al., 2010). This model proposes that reward proximity and valence can be
influencing task performance in a way ADHD symptoms are represented (Marx et al.,

2011).

Model od ADHD 2: cognitive-energetic model

The next model, the cognitive-energetic model (Sergeant, 2000), proposes that the
task performance is influenced by state factors, arousal (phasic response to processing a
stimulus) and activation (tonic physiological preparation to react). For this model effective
cognitive function is important and that is achieved in the optimal energetic state which is
described as a state of optimally adjusted arousal and activation to demands of a task.
Under conditions of suboptimal adjustment(under- or overactivation) the deficits of the
performance are expected. Aforementioned adjustment to the demands of the task is
increasing or decreasing of activation and arousal, which are delivered by an effort pool.

The problem with ADHD is that inefficient functioning of the effort pool is
happening which lead to compromised task performance as a result of energetic
maladjustment.

As an effort responds to motivation, the reward should be implemented as a base for
contextual factors to support the potential for task performance improvements to optimize
the energetic states (Sergeant, 2005).

When applied to research (Andreou et al., 2007; Kuntsi et al., 2009) on event rate
effects variability of reaction times in ADHD subjects decrease, compared to before when
they showed slow and inaccurate responses when the event rate was low, similarly
inaccurate when the event rate was high, just the speed of subject responses were faster
(Sergeant, 2005).

In summary, based on these results, it was suggested that best performance lies at medium

event rates.

Model of ADHD: dynamic developmental theory

The last, dynamic developmental theory (Sagvolden et al., 2005) resolves around

different reinforcement mechanisms in people with ADHD. The model suggests that the
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cause of ADHD symptoms is hypofunction of the dopaminergic system followed by
deviant reinforcement of novel behavior and slower elimination of unwanted behavior. As
a result of this hypofunction, individuals with ADHD cannot establish adaptive behavior in
connection with assimilated behavior systems, but in contrast, they behave impulsively and
in a disorganized way which all connects to the ADHD phenotype. Moreover, ADHD
children demonstrate shorter time for an affiliating behavior to its consequences in
comparison to children without ADHD, therefore reinforcement outside of this short time
period is not effective. According to the dynamic developmental theory model, the reward
should be delivered frequently and immediately so the reinforcement is effective.

For two of the models, the dual pathway model (Sonuga-Barke, 2003) and the
dynamic developmental theory (Sagvolden et al., 2005), the proposition stands that the
ADHD subjects’ best performance is achieved when the reinforcement is applied
frequently and immediately (Aase & Sagvolgen, 2006; Johnson et al., 2009; Luman et al.,
2009), preferably with stronger emphasis on frequency than magnitude (Sonuga-Barke et
al., 2010).

On the other side, the cognitive-energetic model suggests that inverted U-shaped
function is more important than the linear, meaning that for the optimal energetic state the
medium strength of contextual factors (task-associated delay, reward frequency and
magnitude) is the best (Sonuga-Barke et al., 2010; Sergeant, 2000).

Despite the variation in the models, what all of the models have in common is the
motivational pathway, concluding that people with ADHD can really benefit from

rewarding conditions.

Risk taking in decision making

To fit the understanding of heterogeneous nature of ADHD (Sonuga-Barke &
Fairchild, 2012), decision making might help us to better comprehend the consequences
between motivational states and cognitive control (Castellanos et al., 2006; Steinbeis et al.,
2012). In the context of decision making and ADHD coexisting together, they can result in
increased risky behavior manifested from poor decision-making skills, social dysfunctions,
sustaining injuries or unsafe driving (Ramos-Quiroga et al., 2013; Nijmeijer et al., 2008;
Dalsgaard et al., 2015). People with ADHD also exhibit higher preferences for smaller

immediate rewards in comparison to controls (Groen et al., 2013).
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For such results studies research factors participating in decision making as reward
(Luman et al., 2005) and modifications in cognitive control (Barkley, 1997; Pennington &
Ozonoff, 1996). Most of the related research then studied the significance of motivational
stimuli, described as reward-related decision-making, usually involving monetary gain.
This kind of research most often focuses on temporal discounting tasks (between small
immediate and large delayed rewards) and risk tasks (gambling) (Loewenstein, 2000;
Zelazo & Miiller, 2002).

For the decision-making tasks, the most used is a decision theory perspective
(Schonberg et al., 2011). There, in the expected utility framework the anticipated value is
weighted whether the risky alternative is worth by subjective counts of probability. The
best and rational strategy would be constant stake on the highest sum. That way their risk
adjustment is poor, although it is rational. In the expected utility perspective, the measures
signify the sensitivity to risk and the rationality of the decision. The understanding and
trusting the probability is reflected in the quality of the gamble. Afterwards, the subject
should opt for a bet with the higher chance of winning. The magnitude of the risk that is
taken by the subject demonstrating the risk taking. In the laboratory conditions, the
gambling tasks where the choice lays between risky and safe options, are very popular.
One of the ways to ensure risk taking is by using pricing tasks, in which the subjects are
asked to invest an amount for possible participation in a gamble.

The Cambridge Gambling Test (CGT, Rogers et al., 1999) is one of those tasks
where the information of exact probability is given (for example, 80% chance of token
being in a red box, 20% in a blue box). This task was used in several studies to investigate
aforementioned measures in ADHD population.

In a study done by (Coghill et al., 2014), ADHD group showed impairment in risk
adjustment scores and quality of gamble, which was is their case compiled in one factor.
Another study (Sorensen et al., 2017) found that both children, with and without ADHD
bet similarly, however less steep risk adjustment was demonstrated by the ADHD subjects.
ADHD children also exhibited similar risk adjustment, poorer quality of gamble and lower
risk taking in a study conducted by (Kroyzer et al., 2014).

Pollak and Shoham (2015) replicated the studies with similar results, although they
removed feedback after each trial and that normalized the performance of ADHD children.
Whereas other studies (Drechsler et al., 2008; Ernst et al., 2003) found ADHD subjects to

increase their risk taking when they retake the gambling task.
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So what can be the possible explanation for such conservative and suboptimal decision
making in ADHD? The authors suggest that it can be a reflection of slower learning of
risks, an adoption of different response style or having problems to shift from non-strategic
to strategic play.

Another dimension to think about is that the laboratory environments and real-life
settings are two different conditions (Schonberg et al., 2011). To reflect on this, (Pollak et
al., 2016) compared children with and without ADHD and observed them in decision-
making tasks and risk-taking behaviors, in real-life conditions and in a lab. There, only in
the real-life environment the differences present, not in laboratory settings, and they found

no correlation between these two measures.

1.3.3 Current research on decision making in the context of adult ADHD

With the amount of research on adult ADHD, the studies investigating adult ADHD
and decision making started to appear rather recently.

Ibanez et al. (2012) concentrated on affective decision-making task, using the lowa
gambling task (IGT) for it, and a rapid-decision gambling task (RDGT) in addition to a
task of rational decision-making under risk (RDMUR). They were comparing adult ADHD
and bi-polar disorder with controls, nevertheless, the main focus point was on impaired
decision-making related to their symptomatology, where decision making may show
deficits that may be associated with specific ADHD and bi-polar neurocognitive profile.
As opposed to the control group, the ADHD participants showed a pattern of impaired
learning by feedback (fERN) and insensitivity to reward magnitude (P3) (this ERP pattern
(fERN + P3)). These patterns are associated with hyperactivity, impulsivity, working
memory and executive function. This means there is a reduction of information about
which decisions are the most important, consequently the decisions are impulsive and the
decision strategy is not learned.

In 2012, Mintyla et al. (2012) took adult ADHD and control group for two kinds of
decision making. First, the analytic decision making was measured by the Adult Decision-
Making Competence (A-DMC) battery, and the second, affective decision making,
measured by the Balloon Analog Risk Task and the lowa Gambling Task. The findings
imply that the only predictor of ADHD was the applying-decision-rules task (A-DMC
battery) and even medicated ADHD participants showed impairments in both types of the

tasks. The researchers suggest that this means that the cognitive control of decision making
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may be impaired in ADHD adults, indicating malfunction of prefrontal mediated executive
functions.

Some distinction is confirmed between medicated and unmedicated individuals. In
2011 study, Stoy et al. (2011) ran “monetary incentive delay”’(MID) task and found
differences between treated and drug-naive subjects with ADHD. Specifically, in the
insula, more pronounced abnormal activation in reward-associated brain regions found in
untreated subjects with ADHD.

Another domain examines risky decisions and reward processing. Matthies et al.’s
(2012) results claim that disadvantageous choices and risky decision making are ones of
the most prevalent characteristics of ADHD patients. Therefore, the authors investigated
risky decision making before and after inducing boredom in both adults without and with
ADHD. Negative psychosocial and health-related outcomes are both consequential to these
actions and behaviors. However, the aspect of emotional states and their interrelation to the
risky decision making in ADHD population, are not very well understood.

In Mowinckel et al. (2015) is said that deficient reward processing seems to be an
important aspect of ADHD, though little is known about reward-based decision-making in
adults with ADHD. Their article summarizes research on decision making in adult ADHD
and contextualizes decision making deficits by comparing them to attention deficits. The
results support the existence of deficits for adults with ADHD in areas of decision making,
which are of similar magnitude as attention deficits. Those findings advice further
exploration of decision making in adults with ADHD to improve the understanding of
underlying neurocognitive mechanisms.

To address reward responsivity, Ernst et al. (2003) did a study where they
hypothesized that decision making can be influenced by one of the characteristics of
ADHD, specifically they mention the abnormalities in the area of reward responsivity and
that this could interfere with the process of decision making. When they compared the
ADHD with the controls, the ADHD showed a limited use of hippocampal and insular
regions. However, they engage the caudal part of the right anterior cingulate more than the
healthy participants.

The time dimension and related attention was the matter of Tucha et al.’s (2017)
neuropsychological research on adults with ADHD. It showed deficits in various aspects of
attention. Based on a complaint that the larger part of the studies did not explore the
adjustment of performance over time (time-on-task effects) and therefore little is

understood about continuous attention performance of ADHD adults. They tested a
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hypothesis of continued attention deficits of ADHD adults with sustained attention tests,
measuring selective attention, divided attention, alertness and flexibility. The performance
over time deterioration (time-on-task effects) was compared between healthy individuals
and patients with ADHD to conclude on sustained attention performance. Compared to
healthy individuals, ADHD patients presented compelling deficits, of medium size, in
divided attention and selective attention. Moreover, medium sustained attention deficits
were detected in alertness measures, divided attention and selective attention. This study
supports the sentiment of deficits in the sustained attention of ADHD adults.

Time is an important dimension when individuals make decisions. Although article
by Wittman and Paulus (2008) do not test ADHD individuals, they take impulsive
individuals(impulsivity is contemplated one of the main ADHD characteristics). Those
experience time differently, that means, with a higher cost. Results show that impulsive
participants, therefore, over-estimate the duration of time intervals and consequentially
minimize the value of delayed rewards more firmly than do the individuals with
better/higher self-control.

It seems that there are really some deficits in decision making, according to the
studies in adult ADHD population. The deficits are related to the main problems that
ADHD people display, as attention problems and impulsivity. The limits of the approaches
in these studies are the gambling tasks and the lack of comprehensive a model of decision
making in ADHD adults, that would help these studies to choose better tasks and

hypothesis.

1.4 Complex choice and cognitive biases

1.4.1 Complex choice

Majority of the research done in cognitive sciences consist of a certain type of
choices, otherwise, it is just analyzing some physiological reactions to something perceive.
In decision making research, though, we have complex thought processes that we want to
understand.

The complex choice represents such thought process and can be a valuable asset for
understanding the decision making.

The complex choice means not only having more than two choices to choose from

but ultimately more attributions within each choice. Those are the choices we do in our
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everyday life and affects us or the others around us greatly. It is connected to choice
architecture which is a process that provides a way for well-made choices through the
course of minimizing negative aspects of choice and maximizing the positive outcomes
(Iyengar, 2010).

There is no direct research between the complex choice and ADHD but we
assumed that attention deficit and impulsivity may play a role in the task with too many

attributions.

1.4.1 Choice satisfaction and choice stability

The aftermath of a complex choice task can be evaluated in choice satisfaction and
choice stability, to serve as a measure of the complex choice. For the complex choice,
numerous options are presented(with various attributes) which can result in satisfaction
decrease (Iyengar & Lepper, 2000) and may produce negative affective reactions
(Mandler, 1982). These byproducts might cause changes in the choice satisfaction and
further as it decreases the confidence of the choice, also the willingness to change the
previous choice (Holak & Lehmann, 1990).

It has been even suggested that choice dissatisfaction may come even in the case of
objectively perfect options (Iyengar et al., 2006; Yates & Patalano, 1999).Moreover, a
finding of Mather and Knight (2005) showed that positive effects of the choice might
disappear when secondary task or disruption occurs. This can mean cognitive control and
satisfaction probably operate distinctively, but not automatically or without the effort.

Combined with the complex choice aspect, we suggested the impulsivity might be

an indicator in later regret of the choice in ADHD.

1.4.2 Cognitive biases

When the theories on cognitive biases were created they were heavily frowned
upon. Theorists were trying to preserve the image of people being the rational animal and
this contradicted their point of view. However, it is something that was once possibly
evolutionary advantage or coping mechanism, therefore we still have it today.And
certainly, being biased is not the thing we do consciously, thus we have no control of it and

it can carry us into unwise decision, but most of the times it is just that our decision-
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making process is not that thorough, it is not perfect and that some conditions around us
can skew the decision somehow.

We did our research not with aim of understanding the heuristics of these
processes, but to connect the underlying processes that may be followed by heuristics and

decisions.

Confirmation bias

Confirmation bias is basically self-validation of one's personal opinion, a tendency
to seek and agree with information that does not challenge individual's point of view
(Baron, 2000). Take this example: students receive an assignment to write a seminal paper
on the topic of paid education. The appropriate process is to find arguments for and against
the topic - such a process is rational and an analytical thinking person would do it this way.
However, a person inclined to utilize intuition more would be more susceptible to follow
their already established ideas, for example, if they are already positioned against paid
education, they will only search for information strengthening the side of the argument
they believe to be correct and ignore opposing ideas and information.

In reflection to ADHD and confirmation bias is that both seem to have genetic
predispositions, moreover, they both are associated with dopaminergic genes. In ADHD is
causes the inattention and motivational issues and with confirmation bias, it may be
affiliated with reinforcement learning (Doll et al., 2011), which as we mentioned

previously in impaired in ADHD (Sagvolden et al., 2005).

Attribution error

The meaning of attribution error starts with what is one's explanation of actions of
the others. Are the reasons situational or was it a personal choice, perhaps a personal
characteristic of those who acted? With prevalent correlating actions with situational
reasons, we want to believe in fair world and control over our lives. In such cases, we are
committing the attributional error (Burger, 1981). It is then a social bias and it revolves
around social interactions.

For example, it can happen, when a friend is going for an interview and they do not
land the job, we have the tendency to jump to conclusion through our intuition that he or

she probably did not prepare well enough, or did not make good enough impression, but
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more rational based person would take into consideration also the possibility that the
person did prepare well, and potentially left a good impression but that there were other
candidates who had objectively more experience for example.

From symptomatic and executive functioning point of view where ADHD people,
especially adults fail in social situations and estimation, more than the general public.
Therefore they might be prone to commit the attributional error, in the way that it is

defined Heider (1958).

Conjunction fallacy

The conjunction fallacy represents decision-making error when the assumption is
that condition with more attribution is more probable than a condition with a single
attribution (Tversky & Kahneman, 1983).For example, seeing a person dressed in a
squared shirt with glasses, we might have the tendency to assume that this person is a
science student rather than that this person is just a person because they fit our
stereotypical image of a science student. The probability of single condition being met
(that person being a student) is always higher than the probability of two simultaneous
conditions being met (person is a student and is a science student).

As there not enough data to connect the conjunction fallacy to symptoms we

assumed that the attention deficit and intuitiveness may play a role in the task.

1.4.3 Research questions and hypotheses

The aim of this thesis was to compare groups of adults with and without ADHD in
choice stability, choice satisfaction and susceptibility to cognitive biases (i.e. the degree of

intuitive versus deliberative decision making).

Accordingly, to the theoretical and methodological basis provided in this thesis, we

are presenting these research questions and hypotheses:

Hypothesis 1: Adults with ADHD will apply rather intuitive decision-making processes

(over deliberate ones) to a greater extent than non-ADHD subjects.
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Hypothesis 2: Adults with ADHD will be less satisfied with their choice within complex
decision making than adults without ADHD.

Hypothesis 3: Adults with ADHD will have higher tendency to change their choice than
adults without ADHD.

2 METHODS

2.1 Participants

We aimed to include at least 64 participants in our experiment since we powered it
to detect at least a medium-size effect (matched samples, o =.05, 1 — 3 =.95, two-sided non-
parametric tests, additional 10%). Based on such power calculation, 150 Slovak adults
participated in the study. Yet, 18 of them were excluded due to missing answers or failing
to pass control items.

Next, we applied a less strict criterion for adult ADHD assessment (see chapter
Materials & Measures for more details) and identified 38 people with a higher prevalence of
ADHD symptoms (ADHD+) and 94 people with lower or no prevalence of ADHD
symptoms (ADHD-). Subsequently, we used a simple matching technique to ensure that the
two groups: ADHD+ vs ADHD- do not differ in size, and especially in important
characteristics that might affect their decision-making performance. Thus, matching was
done on four variables: age, gender, education, and field of study, and resulted in 38 pairs.

Our final sample consisted of 76 people: 38 ADHD+ and 38 ADHD- participants, 11
men and 27 women. Age of the participants ranged between 19 and 51 years in ADHD-
group (M =27.2, SD = 7.4) and between 19 and 53 in ADHD+ group (M =27.1, SD = 7.7).
One third of the ADHD- group (n = 13) finished high school, while the rest (n = 25) had
some university degree. Almost two fifths of the ADHD+ group (n = 15) finished high
school, while the rest (n = 23) had some university degree. Representation of the three study
fields was identical in both groups: 32% (n = 12) social sciences & humanities, 55% (n =

21) natural & technical sciences and 13% (n = 5) other.
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2.2 Design & Procedure

The questionnaire was in electronic version, distributed through the internet. It was
shared on Facebook walls, groups (for students, artists, and Slovak adult ADHD people)
and spread through personal messages.

At the very beginning, they were greeted and granted a general instruction about
tasks they were about to answer/make/fill. Then they needed to do first the three the
complex choice tasks(and mark down their answers), second, the cognitive biases tasks.
Afterwards, they had to successfully answer what choice they made in first part(the car, the
candidate, and the apartment), and decide whether they were satisfied with the choices (on
the Likert scale) and whether they would choose to change their answers if given the
opportunity(Likert scale). After, their self-reflection on their decision-making style —
Likert scale from intuitive to analytical. Next, the 6-item DSM-5 Adult ADHD
questionnaire and the last one were socio-demographic data. The order of these tasks and
questions were always the same, only in the case of Speed-dating task, the options to
choose from were randomized.

At the very end, we thank them for filling the questionnaire and their time, we
explained that this was research on adult ADHD and we provided a mail address for their

further interest on the research or questions.
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TASK EXPLANATION

GENERAL INSTRUCTIONS FOR 3 TASKS
mm INSTRUCTIONS I. wl—l CHOICE I

GREETING
INTRODUCTION I I

PART I. L CAR
COMPLEX B CHOICE
CHOICE — CANDIDATE

CONTROL QUESTION

— APARTMENT

ma |NSTRUCTIONS II.

PART II. mm SPEED-DATING

COGNITIVE B

BIASES COLLEGUE

BEHAVIOR

= LINDA PROBLEM

ABOUT CAR

PART III. WHICH CHOICE WAS MADE

RETURN TO NN\ UT CANDIDATE SATISFACTION WITH THAT CHOICE

THE COMPLEX
CHOICE

WILL TO CHANGE THE CHOICE

a ABOUT APARTMENT

SELF-REFLECTION INTUITIVE VS. ANALYTICAL
DECISION MAKING
(DECISION-MAKING STYLE)

ADHD QUESTIONNAIRE I 6-ITAM SELF-REPORTING SCALE I

I AGE,GENDER, I

I EXPLAINED GOAL OF THE RESEARCH I

SOCIODEMOGRAPHICS

DEBRIEFING MAIL ADDRESS FOR MORE INFORMATION

Figure 1. Flowchart of the online questionnaire

2.3 Materials & Measures
2.3.1 Complex choice

Participants were given three tasks where all the four options in each task counted
as equal, to choose one best in their opinion. Later they were supposed to revisit their

previous choices, grade the satisfaction on the 7-point Likert scale and decide whether they
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would change their choice(also 7-point Likert scale). They regarded about/of choosing the

best car and apartment for themselves, and best candidate in job application process. This

choice was important for later measures, of satisfaction and stability.

CarA CarB CarC CarD
Price Very Good (4) Worst (2) Best (5) Worst (1)
Performance Average (3) Average (3) Under-average (2) Average (3)
Safety Under-average (2) Average (3) Average (3) Above average (4)
Technical Average (3) Very Good (4) Under-average (2) Very Good (4)
condition
Figure 2. Car complex choice
Candidate A | Candidate B Candidate C Candidate D

Communication and ++ ++ - +++

presentation

Motivation and ambition +++ ++ - ++

References from previous ++ ++4+ ++ +++

employers

Experience in the field +4+ + ++ ++

Social skills ++ +4+4+ ++ ++

Success in simulated + +4+4+ ++ 4+

situations

Education & Certifications +++ ++ - ++

Appearance ++ ++ +4+ -

Figure 3. Candidate complex choice
Apartment A Apartment B Apartment C Apartment D
Price + - - -
Layout — +

Availability

+

Other spaces

Other aspects

Location

Monthly fees

Parking

Area

Condition

+

Lightness

+

Greenery

+

+

Figure 4. Apartment complex choice
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2.3.2 Confirmation bias

First of the cognitive biases covered a speed-dating problem, where participant
should decide for four questions to ask a person of interest, whereas the questions
corresponded with extraversion, introversion or were neutral. Participants scores for this
task were measured as [...] Ideal score (meaning no bias) is zero, where introversion nor
extraversion doesn’t exceed. If it does, it renders positive(introversion) or negative

scores(extraversion), therefore leaning towards the bias.

2.3.3 Attribution error

Second cognitive bias task described the disturbing behavior of a potential
colleague and participants were asked to write down their thoughts on reasons for such a
behavior. In this case, the reasons might have been describing personal traits of the
colleague or situational. These were subtracted one from another, given the absolute value

in number as a score, where the ideal, again, should be zero.

2.3.4 Conjunction fallacy

The last one from cognitive biases, is a conjunction fallacy, the Linda problem in
particular. We used the original, longer version, where after the description of Linda, they
were given 8 statement about Linda and were asked to rate them according to the
probability of Linda’s professional occupation(1 for lowest probability and 8 for highest
probability). Here we measured if they chose the events occurring together as more
probable than a single one — Linda as a “feminist bank teller” versus “feminist” or a “bank
teller”. We focused on two things — whether they fail this bias and how much(subtract

single event from long one).

2.3.5 Choice satisfaction and choice stability

After 6 tasks the participants needed to answer correctly on what was their choice
in each of three complex choice problems (the car, the candidate, the apartment),

otherwise, they would be eliminated from our research for the incorrect answers.
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Both choice satisfaction and choice stability evaluated on a 7-point Likert scale, where the
higher the number the higher the satisfaction and stability. On satisfaction the options
varied from “I am not at all satisfied”(1 point) to “I am absolutely satisfied”(7 points). For
the choice stability, we asked if they would change their choice(1 point) or stay with the

original choice (7 points).

2.3.6 Self-reflection on decision-making style

At this point, the participants were asked to put a value where on a scale from
“intuitive”(1 point on the Likert scale) to “analytical” (7 points on the Likert scale) they

rate their decision-making style.

2.3.7 ADHD questionnaire

We used the newest version of DSM-5 self-evaluation for adult ADHD - World
Health Organization Adult Attention-Deficit/Hyperactivity Disorder Self-Report Scale
(Ustun, 2017). This scale was created for updated diagnostics of DSM-5, requirements that
differ from the previous Adult ADHD Self-Report Scale (ASRS) (reference) that is
compatible with DSM-IV criteria (reference). For example, DSM-IV required six
symptoms of either inattention or hyperactivity/impulsivity, whereas DSM 5 requires only
five. New screening scale is conveniently short and according to its creators, it reflects
well on ADHD symptoms.

The developers used a method, the Risk-Calibrated Supersparse Linear Integer
Model, a machine-learning algorithm, that was able to work out the optimal integer
weights and limited numbers of screening questions. It was designed specifically to help
create screening scales.

Although this scale seemed like a success compared to previous DSM-IV scales
and screenings, we were not sure, how fit it would be in our environment and population.
We were willing to test it, but in the conclusion, we had to simplify and lower the criteria

for ADHD symptoms.
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2.3.8 Sociodemogaphics

The last information we asked for were socio-demographic data. We needed them
to be able to pair ADHD+ and ADHD- participants into the groups and for the statistical
reasons. The items we cared about were age, gender(female, male, other),
finished/completed education(basic, high school, university) and field of education/study
discipline (Social sciences and Humanities, Natural sciences, Technical sciences and
“other”).

At the end of this questionnaire, we thank the participants, explained our research

goal and provided an email address for information if they were interested.

3 RESULTS

3.1 Results I. Complex choices

L.I Cars problem

The choice frequency of each alternative is depicted in Table 1. Car B was the most

preferable one in both the groups, followed by Car D.

Table 1. Complex choice 1 - Cars problem

Car A Car B Car C CarD
ADHD- 2 28 1 7
ADHD+ 1 24 0 13

As for the choice satisfaction and choice stability, the comparisons are depicted in
Figure 1 and Figure 2. We excluded 2 extreme outliers from the analysis of choice
satisfaction, who were more than 1.5 times the interquartile range above the third quartile or
below the first quartile. Similarly, we excluded 2 extreme cases from the analysis of choice

stability.
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Overall, participants were highly satisfied with their decisions (Min = 3, Max =7,
45% expressed the highest possible satisfaction). ADHD- were slightly more satisfied (Mdn
=7, IOR = 1) with their choice than ADHD+ (Mdn = 6, IQR = 1). The difference was
statistically insignificant yet of small effect size, Z = -0.61, p = .544, r,» = .10. Car choice
satisfaction of participants with ADHD symptoms was slightly lower than among their

counterparts.
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Figure 1. Choice satisfaction - Cars problem

Choice stability, in general, was also very high (Min = 3, Max = 7, 61% were sure
that they do not want to change their choice). Moreover, choice stability was higher among
ADHD- (Mdn =17, IQR = 0.5) than among ADHD+ (Mdn = 6, IQOR = 1). The difference was
statistically significant and of medium effect size, Z = -2.54, p = .011, r,, = .42. Participants
with ADHD symptoms were substantially more willing to change their car choice compared

to their counterparts.
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Figure 2. Choice stability - Cars problem

L.II Candidates

The choice frequency of each alternative is depicted in Table 2. Candidate C was the
most preferable one in both the groups, followed by Candidate D in ADHD- group and
Candidate B in ADHD+ group.

Table 2. Complex choice 2 - Candidates problem

Candidate A Candidate B Candidate C Candidate D
ADHD- 5 9 14 10
ADHD+ 3 9 20 6

As for the choice satisfaction and choice stability, the comparisons are depicted in
Figure 3 and Figure 4. We excluded no extreme cases from the analysis of choice satisfaction
but 2 extreme outliers from the analysis of choice stability, who were more than 1.5 times

the interquartile range above the third quartile or below the first quartile.
Overall, participants were highly satisfied with their decisions (Min = 4, Max =7,

49% expressed the highest possible satisfaction). ADHD- were more satisfied (Mdn =7, IOR
= 1) with their choice than ADHD+ (Mdn = 6, IOR = 2). The difference was statistically
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significant and of medium effect size, Z = -2.16, p = .031, r,, = .35. Candidate choice
satisfaction of participants with ADHD symptoms was substantially lower than among their

counterparts.

[ I
ADHD- ADHD+

Figure 3. Choice satisfaction - Candidates problem

Choice stability, in general, was also quite high (Min = 2, Max = 7, 49% were sure
that they do not want to change their choice). Moreover, choice stability was slightly higher
among ADHD- (Mdn =7, IQR = 1) than among ADHD+ (Mdn = 6, IOR = 2). The difference
was statistically insignificant yet of small effect size, Z = -1.56, p = .119, r, = .25.
Participants with ADHD symptoms were slightly more willing to change their candidate

choice compared to their counterparts.
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Figure 4. Choice stability - Candidates problem

L.III Apartments
The choice frequency of each alternative is depicted in Table 3. Candidate C was the
most preferable one in ADHD- group, followed by Candidates A and D. Candidate A was

the most preferable one in ADHD+ group, followed by Candidate C.

Table 3. Complex choice 3 - Apartments problem

Apartment A Apartment B Apartment C Apartment D
ADHD- 11 4 12 11
ADHD+ 15 5 14 4

As for the choice satisfaction and choice stability, the comparisons are depicted in Figure 5

and Figure 6. There were no extreme outliers.

Overall, participants were quite satisfied with their decisions (Min =2, Max="7, 37%
expressed the highest possible satisfaction). ADHD- (Mdn = 6, IQR = 2) and ADHD+ (Mdn
= 6, IOR = 2) were similarly satisfied with their choice. The difference was statistically

insignificant yet of small effect size, Z = -1.19, p = .236, r» = .19. Apartment choice
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satisfaction of participants with ADHD symptoms was slightly lower than among their

counterparts (based on Mean Ranks).
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Figure 5. Choice satisfaction - Apartments problem

Choice stability, in general, was also rather high (Min =1, Max = 7, 41% were sure
that they do not want to change their choice). Moreover, choice stability was slightly higher
among ADHD- (Mdn =7, IQR = 2) than among ADHD+ (Mdn = 6, IOR = 2). The difference
was statistically insignificant yet of small effect size, Z = -1.20, p = .229, r, = .20.
Participants with ADHD symptoms were slightly more willing to change their apartment

choice compared to their counterparts.
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Figure 6. Choice stability - Apartments problem
LIV Overall scores

In this final step, we calculated average scores for all the three choices. The results
are depicted in Figure 7 and Figure 8. There was one extreme outlier with regard to choice

stability in ADHD- group.

Overall satisfaction was slightly higher in ADHD- group (Min = 3.3, Max =7, Mdn
= 6.7, IOR = 1.3) than in ADHD+ group (Min = 4.3, Max =7, Mdn = 5.8, IOR = 1.3). The
difference was statistically insignificant yet of small effect size, Z=-1.71, p =.088, rn = .28.
Overall choice satisfaction of participants with ADHD symptoms was slightly lower than

among their counterparts.
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Figure 7. Choice satisfaction - Overall
Overall stability was higher in ADHD- group (Min = 4.3, Max =7, Mdn = 6.7, IOR
= 1.5) than in ADHD+ group (Min = 3.3, Max =", Mdn = 6, IOR = 1.3). The difference was
marginally significant and of medium effect size, Z =-1.92, p = .055, r» = .31. Participants
with ADHD symptoms were more willing to change their choices compared to their

counterparts.
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Figure 8. Choice stability - Overall
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3.2 Results Intuitive vs deliberative decision-making

II.I Confirmation bias

People were choosing 4 questions out of 2 neutral items, 4 items that were in line
with previous belief (“Introvert” questions) and 4 items that were against previous belief
(“Extrovert” questions). Higher preference of Introvert over Extrovert questions means
greater confirmation bias and more intuitive decision-making. Descriptive statistics are

shown in Table 4.

Table 4. Question choices and confirmation bias score in the two groups

EQ - EQ-M 1Q - Range 1Q-M CB - CB-M

Range (SD) (SD) Range (SD)
ADHD- 0-3 1.6 (1.1) 1-4 2.0 (1.0) -2-4 0.4 (2.0)
ADHD+ 0-3 1.5 (0.7) 0-4 2.1(0.9) -2-4 0.7 (1.5)

Note. EQ = extrovert questions, IQ = introvert questions, CB = confirmation bias score = 1Q

_EQ

Numbers of introvert questions, extrovert questions as well as confirmation bias
scores were similar in ADHD- and ADHD+ groups. As can be seen in Table 5, there were
no significant differences between the two groups either in question choices or confirmation
bias score. In the case of confirmation bias problem, decisions of participants were on
average rather deliberative, and neither group showed substantial tendency toward
confirmation bias. Decisions of participants with ADHD symptoms were intuitive to a

similar extent as decisions of their counterparts.

Table 5. Comparison of question choices and confirmation bias score

t df » d
EQ 0.70 37 491 0.16
1Q -0.63 37 536 0.14
CB 0.71 37 485 0.16

Note. EQ = extrovert questions, IQ = introvert questions, CB = confirmation bias score =

IQ - EQ
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IL.IT Attribution error

People listed 4 or more reasons of hypothetical colleague’s behavior. We coded them
for personality-related reasons (PR), situation-related reasons (SR) and other. Higher
preference for reasons of any of the two main categories means greater attribution error and

more intuitive decision-making. Descriptive statistics are shown in Table 6.

Table 6. Listed reasons and attribution error score in the two groups

PR-Range PR-M SR-Range SR-M AE - AE -M

(SD) (SD) Range (SD)
ADHD- 0-5 1.7 (1.3) 0-5 29(1.4) 0-5 2.3(1.4)
ADHD+ 0-4 1.5 (1.3) 0-5 3.0(L.3) 0-5 2.5(1.4)

Note. PR = personality-related reasons, SR = situation-related reasons, AE = attribution error

= PR - SR|

Numbers of personality-related reasons, situation-related reasons, as well as
attribution error scores, were similar in ADHD- and ADHD+ groups. As can be seen in
Table 7, there were no significant differences between the two groups either in numbers of
reasons or attribution error score. In the case of attribution error problem, decisions of
participants were on average rather intuitive, and both groups showed a substantial tendency
toward attribution error: they preferred situational explanation over the other one. Decisions
of participants with ADHD symptoms were intuitive to a similar extent as decisions of their

counterparts.

Table 7. Comparison of numbers of reasons and attribution error score

t df » d
PR 0.56 37 581 0.13
SR 0.16 37 872 0.04
AE 0.71 37 483 0.16

Note. PR = personality-related reasons, SR = situation-related reasons, AE = attribution error

= PR - SR|
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IL.III Conjunction fallacy

The more people believe that “Linda is a bank teller and is active in the feminist
movement” is more probable than “Linda is a bank teller”, the more they fall prey to
conjunction fallacy. Hence, possible scores range from -7 to +7.

The scores ranged from -5 to 4 in ADHD- group and from -2 to 4 in ADHD+ group.
As can be seen in Figure 9, the groups exhibited similar level of conjunction fallacy, Z = -
0.37, p=.715, rn = .05. In the case of conjunction fallacy problem, decisions of participants
were on average slightly intuitive (Mdnapup- = 0.5 & Mdnapup+ = 1), and both groups
showed a small tendency toward the bias. Decisions of participants with ADHD symptoms

were intuitive to a similar extent as decisions of their counterparts.

I I
ADHD- ADHD+

Figure 9. Conjunction fallacy
IL.IV Overall performance
Next, using binary coding (0/1 = in/correct response) we calculated a decision-
making score for each participant. As shown in Figure 10, ADHD- group (Mdn = 1, IOR =

0) performed in decision-making problems very similarly to ADHD+ group (Mdn =1, IQR
=0),2<0.01, p=.999, r,n < .01.
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Figure 10. Decision-making performance
I1.V Self-rated decision-making style

People evaluated their subjective perception of decision-making style on a 7-point
Likert scale (1: intuitive, 7: deliberative). As depicted in Figure 11, members of ADHD-
group (Mdn = 6, IOR = 2) perceived their decision to be more deliberative than members of
ADHD+ group (Mdn =5, IQOR = 2). The difference was statistically insignificant yet of a
small effect size, Z=-1.41, p = .158, r,n = .23.
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Figure 11. Decision-making style
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In ADHD- group, self-rated decision-making style did not correlate with any
decision-making measure (the three cognitive biases and overall decision-making
performance). In ADHD+ group, self-rated decision-making style correlated positively with
attribution error score, rs= .35, p =.033. The more people with ADHD symptoms believed
that their decision-making style is deliberative (and not intuitive), the worse they performed

in the attribution error problem.

3.3 Summary of findings

We expected that members of the ADHD+ group would be less satisfied with their
choice, more willing to change their choices, and more susceptible to cognitive biases. Our
results supported the first two hypotheses, but the findings are rather inconclusive. Both
choice satisfaction and choice stability were always lower in ADHD+ group, yet the choice
satisfaction levels differed significantly only once (the Candidates problem), and so did the
choice stability levels (the Cars problem). These patterns imply that the size of the difference
between general population and people with ADHD in choice satisfaction and choice
stability might depend on the context, e.g. what are people deciding about and how many
alternatives and attributes are available. On the other hand, we fail to find any differences
between people with ADHD and the other group in intuitive versus deliberative decision-
making. Our findings suggest that there might be no substantial differences between ADHD
adults and the general population in committing confirmation bias, attribution error, and

conjunction fallacy.
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4 Discussion

For such a prevalent condition, as ADHD is, there is still significant lack of
evidence on symptoms, deficits and general functioning in ADHD adults. Even though for
the past decades of research, admissible amount of research on ADHD in children for
various domains can be found, the issue is that it is proved that ADHD symptoms change
with age in presentation and severity (Nutt, 2007). Therefore, it was our aim to focus our
research on the adult population to investigate what effect does it take on ADHD
individuals as they grow older.

Variety of ADHD symptoms cause various deficits, some of those affect the
executive functions, which are crucial for decision-making processes, to some degree at
least.

With the rise of the cognitive sciences and their research, frequently they choose to study
decision making. Sometimes they even choose ADHD as a variable, although, mostly
children, adults not so much. The problem with these studies is that even when they decide
to take ADHD and decision making as subjects for their study, it resolves around risky
behaviors and gambling tasks. Albeit, the gambling tasks being not only popular but
established indicator for some kinds of decision making, it still is a quite narrow point to
study it in ADHD. That is why we tried to find a different approach and avoid gambling
tasks or task that involves calculations (see the comorbid links of ADHD and learning
disabilities in previous chapters).

For this reason, the aim of the thesis focused on decision making, particularly on
choice satisfaction, choice stability and inclination to fall into cognitive biases in adults
with ADHD.

First, they had complex choices to complete. This task was designed in a way that
all of the choices were equal, but the participants needed to choose one of the options
believing that one is better than the others. Consequentially, not right away, they needed to
revisit this choice and reflect on it — were they satisfied or not and would they choose to
change it if given the opportunity once again? There were three such tasks to give a choice.
Another task was concerning three cognitive biases — confirmation bias, attribution error
and conjunction fallacy(in regard to intuitiveness or deliberativeness of decision making).
In the matter of participants, we tried to match them in gender, age, and education, as those
might be impacts on decision making, and we wanted them to be the least different from

each other as possible for the scope of this thesis.
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In relation to hypotheses, there is no easy answer to that. In the first hypothesis, we
suspected that ADHD+ subject will apply more intuitive decisions. In tasks focused on
this, our results showed no difference. The significance was found only in ADHD+ group
in regard to self-rated decision-making style correlated with attribution error score. The
more they believed in their deliberativeness, the worse was their performance on the task.
Were ADHD adults less satisfied with their choice — was the question related to the second
hypothesis. In general, they were not, for the majority of the tasks presented, although, a
significant difference was found in one of the problems — the Candidate problem. Similar
results were found on choice stability — ADHD+ participant differed in the Car problem.

There were few limitations of our study. We can start with the mention of the
questionnaire that was in an online form, which might have contributed to the results. This
way, the conditions were not controlled, therefore for future research for similar variables
we recommend supervised conditions of the controlled environment to regulate such a
constraint.

Another concern was the size of the sample. For a different kind of research starting with
150 subjects can be enough, but in our case, where we took the sample from general
population where the prevalence of desired ADHD people is less than 10% (Polanczyk et
al., 2007), it is not enough. The best solution here would be to have a sample of ADHD
people to start with and then to search for matched samples. Moreover, the subjects in both
groups were not very heterogeneous or representative as they were of younger aged and
generally better educated, which could be resolved in different results in decision making.

Another limit could have been on the side of the self-reporting ADHD scale. It
might have been too short for the sample or culturally validated. There is a possibility that
with a questionnaire consisting of more items and combined with aforementioned bigger
sample size, the ADHD subject could have a stronger proportion of ADHD symptoms and
the differences could have been more significant.

The other problem may be the tasks. For example, there was no difference in tasks
on cognitive biases of our choosing, however, choice of some other ones might show some
significant difference. In addition, one of the tasks revealed no bias at all (confirmation
bias), but that was hard to predict. Although, both groups revealed to fall into attribution
error extensively.

Surprisingly, both groups demonstrated high satisfaction in general, which we can
credit to the hypotheticality of the choices, so it did not have the desired effect. Also, the

overall score in ADHD+ was just slightly lower than the score of the control group, but in
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this case, we contemplate that it may be a larger difference in a case of the bigger size of
the sample. Nonetheless, the choices for the satisfaction rate should be chosen to be closer
to the real-life choices than the hypothetical ones we presented.

In conclusion, we suspect that the stability and satisfaction of decision making in
ADHD adults might rather be context-dependent.

There are not studies significant for us to compare the results as the parameters do
not match — for age or for the methods. What we tried was to bring novelty with a hope
that more studies could be inspired to choose the methods inspired to people’s everyday
life processes and conditions and closer to deficits specific to their condition, rather than to
apply pure model-related factors to subjects with various deficits.

We believe that with the rise of neuroimaging studies and interdisciplinary research
of cognitive sciences there will be more relevant and revealing findings to this matter. We
also hope that our findings could be valuable to some of such studies or at least act as a
proposition to those who would like to follow up in research on ADHD in regard of
decision making or something else. Such a progression in research might support the
development of new models of ADHD or decision making. Some future study could
compare decision making of ADHD adults with ADHD children in a similar way to our
research and find something new to the topic.

If the trends of ADHD will carry on, there are more to be expected to be found. The
research on the issue of ADHD adults is now still in its beginning, therefore it is hard to
make conclusions. However, the will and the technologies are already helping in a way to

understand this subject and we hope it will continue.
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Conclusion

Every few years there is a recognizable rise in the prevalence of ADHD in
population, whether in children or in adults. This resolves from better diagnostics and
general and public knowledge on this issue. However, there is still a lot we do not
understand about ADHD - the causes or the extent of implications for people diagnosed
with ADHD.

In this thesis, we focused on ADHD in the adult population, on aspects of decision
making, in particular. We matched subjects with ADHD (ADHD+) and subjects without
ADHD (ADHD-) in age, gender and education(degree/discipline) and compare them in
intuitiveness versus deliberativeness, choice stability, and choice satisfaction.

The aim was to examine differences between these groups. Our hypotheses derived
from the question whether the symptoms of ADHD can have an effect on decision-making
processes and results, mainly inattention and impulsivity, which might result in more
intuitive decision making, choice regret and choice instability. Although our findings
support the hypotheses partially, the differences between the two groups were not so broad
as the symptoms of disorder might indicate.

ADHD is from the research point a multidisciplinary issue. Therefore, cognitive
sciences are perfect to pursue a research on this issue, more precisely to gain more
comprehensive viewpoint on knowledge on ADHD. ADHD is not just something that can
help us understand certain behaviors, but we believe that with ongoing and upcoming
research on ADHD we can better understand the brain and neurodevelopment in general.
And from that point of view, the biological and psychological implications of it too, even
some other further.

As for the decision making, in the time that we live in, we need to understand not
just the decision making of ourselves(for example, for personal well-being) but now more
than ever the process behind decisions of the others as well. These have an impact not only
on our everyday lives but on general society and its interests and future too.

This is a first time this kind of study was conducted in Slovakia, as there is not
much of a research on adult ADHD in general. We hope this will change and local
researchers will join the research already on-going on these topics abroad, moreover also

to understand the state of this matter in Slovakia.
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