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Importance of the Problem

Attention deficit hyperactivity disorder (ADHD) is one of the most
prevalent neurodevelopmental disorders characterized by
developmentally inappropriate levels of inattention, impulsivity, and
hyperactivity. The disorder makes serious difficulties for families, schools
and society. ADHD is overwhelming public health problem with impact
on economic and social life of many countries. Symptoms of the disorder
often persist into young adulthood, and long-term consequences include
lower educational and professional achievement and increased risk for
developing other psychiatric disorders.

According to some researchers’ view on ADHD, it is a disorder of
behavioral control in terms of inhibition. Barkley proposed the one of the
most widely cited theory of ADHD in which behavioral inhibition is
regarded as a mechanism that develops early in life and underpins a
number of other cognitive functions, among them executive functions,
attention, working memory. On the basis of several studies ADHD has
been associated with deficits of executive functioning. The different
executive functions, measured by different neuropsychological tasks,
showed that some of the executive processes are compromised in ADHD
but others are not. It was also found that ADHD subtypes can be
characterized by different profiles of deficits in executive functioning and
attention.

According to the DSM-IV-TR three subtypes of ADHD are defined:
ADHD combined subtype (ADHD-C), ADHD predominantly
hyperactive/impulsive subtype (ADHD-PHI) and ADHD predominantly
inattentive subtype (ADHD-PI). The validity of differentiating of these
subtypes is rather debatable. Some researchers view ADHD subtypes as
different disorders with different cognitive, behavioral profiles and
underlying neurobiological processes. According to Barkley’s model of
ADHD executive function deficit is associated with only ADHD-C and
ADHD-PHI subtypes but not with ADHD-PI. There are controversial
findings regarding distinction of the subtypes of ADHD. In some studies
distinction between ADHD-PHI and ADHD-I were found, but it was not
found in other studies. In several studies was found that not only ADHD-
C and ADHD-PHI subtypes are characterized by the deficit of executive
functioning, but also ADHD-I and that profile of the deficits of executive
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functions are different for different subtypes of ADHD. It is still needed
to answer the question if the subtypes of the ADHD are distinctive
diagnostic entities, or they don’t differ from each other on
neuropsychological measures. It is not clear cut which executive processes
are compromised in each of them. The proposed study made contribution
in understanding of the differences in cognitive characteristics of different
types of ADHD.

Working memory is a complex concept with several possible
definitions. The presented study relied on the working memory model
proposed by Baddeley (2006, 2012). This model of working memory has
not been widely applied to ADHD, so studies of ADHD might provide on
one hand some independent validation of it and on the other hand gained
our knowledge of cognitive dysfunction of ADHD and it subtypes.

The central executive is the less well studied component of working
memory. One of the important functions of it is the ability simultaneously
coordinate two tasks. As was shown in several studies the failure of this
coordination is a characteristic impairment of patients with mild
Alzheimer’s disease both in a laboratory setting and in everyday tasks.
Dual-task paradigm also proved to be the sensitive tool for detection of
cognitive decrement in early stages of vascular dementia patients.

Moreover, a mild decrement in performance using paper and pencil
version of the dual-task was shown in patients with Parkinson’s disease
and the test proved useful in differentiating patients with frontal lobe
damage from patients with hippocampal damage. The dual-task appeared
to be more sensitive than “frontal” tests to behavioral changes arising from
frontal lobe damage. It proved better in differentiating brain damaged
patients with lesions damaging the frontal lobes from those without a full-
blown dysexecutive syndrome then the classic “frontal” tests like verbal
fluency or the Wisconsin Card Sorting Test. The impairment on dual-task
performance also was found in adults with autism that shows the
importance of excluding participants with symptoms of autism from the
dual-task studies of ADHD. Therefore children and adolescents with
symptoms of autistic spectrum disorder were excluded from the study.

There are very few studies on dual-task performance in children
and adolescents with ADHD. In different dual-task studies on ADHD
different dual-task methods were used. In majority of them performance
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on both individual tasks were not adapted to the individual ability levels
of each participant. Only in some studies titration procedure was used
only for one task but not for both of them. This makes difficulties to find
existence of dual-task deficit in children and adolescents with ADHD and
its subtypes in comparison to healthy controls. Some of the individual
tasks used in the previous studies in the dual-task paradigm are complex
in respect of the load of other cognitive functions and the study results
reflect a difficulty in dealing with those cognitive functions rather than a
difficulty with dual-task performance. None of the previous studies
investigated differences in dual-task performance of children and
adolescents with ADHD in general and its subtypes using the dual-task
paradigm when each subject perform each task on their individual level
of ability that was the aim of the proposed study.

Also was essential to investigate whether possible differences in
dual-task performance in ADHD in general and in its subtypes are
determined by task difficulty rather than by an overall problem with dual
task coordination. The presented study investigated possible interaction
between task demand and the need to divide attention.

The dual-task performance developmental trajectory was not yet
studied in healthy children and adolescents that was investigated in the
proposed study and improved our knowledge in understanding of
functioning of the central executive in healthy controls.

In the most studies were used computerized version of dual task.
The performance of computerized dual-task requires a light pen that is not
astandard piece of equipment in most laboratories and computer programs
to run the tasks, which may not readily transferable from one computer
to another. Therefore a paper and pencil version of the dual-task paradigm
was devised. The paper and pencil version of the dual task was refined and
the “Tbilisi paper and pencil motor task” was made in a user-friendly form
for clinical settings on dementia patients. In the proposed study the newly
refined paper and pencil motor task was used for investigating the dual-
task performance and developmental trajectory in healthy children and
adolescents and in subjects with ADHD. Also was tested whether the
paper and pencil version of the dual-task is successfully applicable in the
educational settings. In the proposed study the further refinement of the
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paper and pencil dual-task method was performed according to children
and adolescents’ characteristics of cognitive functioning.

The inconsistence found in results of the cognitive functioning in
ADHD studies could be defined by different factors. One of them is the
methodological differences. In several studies of executive functions,
attention and working memory comorbid disorders are not controlled.
Comorbid disorders like conduct disorder or oppositional defiant disorder,
autism spectrum disorder, obsessive-compulsive disorders, Tourette
syndrome, learning disability, are in itself associated with executive
dysfunctions. One of the problems that prevents to uncover the deficits in
working memory functioning and in other cognitive functions in children
and adolescents with ADHD in general and in its subtypes is the complex
nature of the tasks that measure executive functions. Different researchers
operationalize the same executive functions differently that resulted in
using tasks which are heavily loaded not just on one executive function
but several. In addition, performance of tasks on executive functions taps
non-executive function cognitive processes that make difficult to uncover
basic deficits in executive functioning. It makes unclear any existing
differences in cognitive functioning in different subtypes of ADHD. The
other factor that prevents to find differences in cognitive functioning
between ADHD and controls and between ADHD subtypes is taking of
the large age ranges of children and adolescents with ADHD. In the
proposed study small age intervals were defined for subjects with ADHD
and controls and comparisons were done between these age subgroups.
Taking of the small samples can reduce statistical power for the statistical
analysis and prevents uncovering of existing differences between the
study groups. This obstacle was lessened in the proposed study by taking
relatively large samples of ADHD and control subjects. In the proposed
study participants were carefully matched on IQ and age that was also help
to reveal differences between the study groups.

The disorder of the development of motor functioning is found to
be associated with the ADHD. It was necessary to control for general
motor function deficits to study whether executive functioning deficit was
specifically impaired in ADHD in general and its subtypes in comparison
with the healthy controls. Thus in the proposed study was investigated
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whether differences in dual-task performance were determined by the
disorder in general motor functioning characterised to ADHD.

In the study also proposed to investigate whether the different
subtypes of ADHD could have different profiles of deficits in executive
functioning, particularly in dual-task coordination ability. The
understanding of dual-task ability specifics contributed our understanding
of cognitive and biological bases of ADHD and helped to develop new
differential teaching strategies and rehabilitation programs for children
with different subtypes of ADHD. In general, better understanding of the
nature of cognitive deficits of ADHD subtypes provide useful information
for developing new medical/pharmacological approaches for treatment
and remediation of deficits of different subtypes of ADHD. The adapted
versions of the cognitive test batteries were prepared and norms for
Georgian population were defined accordingly.

Main goals and objectives of the research:
The main goal of the proposed study was to investigate dual task
performance characteristics in typically developed children and
adolescents as well as in ADHD individuals and its subtypes ((ADHD-C,
ADHD-PHI and ADHD-PI). To accomplish the abovementioned goal the
study objectives were established on:

4. Investigating dual task paradigm in ADHD children and

adolescents:

4.1.Defining the dual-task performance characteristics in
healthy children and adolescents on the computerized and
the paper and pencil dual-task methods;

4.2. determining developmental changes of the dual-task
coordination in children and adolescents with ADHD in
general and in its subtypes (ADHD-C, ADHD-PHI and
ADHD-I) in comparison to age, years of education and
intelligence level matched healthy controls;

4.3. investigating whether any increase of the task difficulty in
dual-task paradigm would disproportionately affect children
and adolescents with ADHD in general and in its subtypes
(ADHD-C, ADHD-PHI and ADHD-I) in comparison to age,
years of education and intelligence level matched healthy
controls;
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4.4. Testing if the paper and pencil version of the dual-task
method is giving the same results in ADHD, its subtypes
(ADHD-C, ADHD-H and ADHD-I) and healthy children and
adolescents as computerized version of the dual task;

4.5. Investigating whether the deficit in dual-task functioning in
children and adolescents with ADHD in general and in its
subtypes (ADHD-C, ADHD-H and ADHD-I) is defined by
the deficits in the general motor functioning;

5. Investigating whether the comorbidity factors (conduct disorder
or oppositional defiant disorder) play a role in determining
deficits of the dual-task performance in ADHD in general and in
its subtypes (ADHD-C, ADHD-H and ADHD-I) in comparison to
age, years of education and intelligence level matched healthy
controls;

6. Preparation of adapted version of the cognitive test batteries and
define norms for Georgian population.

Research novelty and practical importance of the work.

The study results contributed in understanding of the cognitive
functioning and neurobiological basis of the ADHD and its subtypes and
provided important empirical confirmation for the working memory
model. The study results contributed in development of new differential
teaching strategies and rehabilitation programs for children with different
subtypes of ADHD. The received findings will contribute in refinement of
the diagnostic criteria of ADHD in general and its subtypes and help in
identifying of neuropsychological tests sensitive to detect differences in
cognitive performance in ADHD subtypes. The better understanding of
the nature of cognitive deficits of ADHD subtypes will provide useful
information for developing new medical/pharmacological approaches for
treatment and remediation of deficits of different subtypes of ADHD.
Within the PhD work prepared adapted version of the cognitive test
batteries and defined norms for Georgian population (Bzhalava V.,
Inasaridze K., 2017).

Publications. Materials of the PhD thesis are published in 4
scientific articles (see p. 40) and are presented on four international
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conferences. Results of the proposed work also were presented on two
colloquiums determined by curriculum.

Structure and volume of the PhD work

The structure of the thesis is in consistent with the research goals and
objectives, and consists of:

¢ Content of work

¢ Annotation which is done on Georgian and English languages;
e List of abbreviations

e Introduction which includes the general description of the work,
obtained results and their scientific relevance and practical
importance;

e  The main part of the PhD work which includes 10 chapters;
e Discussion section where results of experiments are discussed;

e Resume section where summarized and resumed results of
experiments used in the PhD work.

¢ Bibliography.

The total volume of PhD work is 152 pages and includes 4 pictures, 7
tables, 10 figures and 281 references.

Contents of PhD Thesis

Foreword

Attention deficit hyperactivity disorder (ADHD) is one of the most
common neurodevelopmental disorder which is characterized by
developmentally inappropriate levels of innattention, locomotor
hyperactivity and impulsivity. ADHD symptoms manifests at pre-school
age, often persist into adulthood, and subsequently influence on social,
educational and professional achievement, increase risk for active use of
psychoactive substances and developing other neuropsychiatric disorders.
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It is a serious challenge to diagnose, understand and provide treatment for
this developmental disorder.

The results of multiple studies on cognitive domains indicate that
ADHD is associated with impaired functions of executive processes. Also
it was found that subtypes (predominantly inattentive (ADHD-PI),
predominantly hyperactive-impulsive (ADHD-HI) and combined
(ADHD-C)) of ADHD defined in accordance to the Diagnostic and
Statistical Manual of Mental Disorders (DSM-VI) are characterized by
different profiles of attention and executive functioning. The validity of
differentiating of these subtypes is rather debatable.

The presented study relies on the working memory model proposed
by Baddeley (2000, 2012). This model of working memory has not been
widely applied to ADHD, so study of ADHD may provide on one hand
some independent validation of it and on the other hand will gain our
knowledge of cognitive dysfunction of ADHD and it subtypes.

The central executive is the less well studied component of working
memory. One of the important functions of it is the ability simultaneously
coordinate two tasks. As was shown in several studies the failure of this
coordination is a characteristic impairment in many mneurological
disorders and proved to be the sensitive tool for detection of cognitive
decrement in early stages of them.

There are very few studies on dual-task performance in children
and adolescents with ADHD. In different dual-task studies on ADHD are
used different dual-task methods and findings are controversial. In this
study were used both computerized and paper and pencil versions of the
dual-task paradigm. In majority of dual-task paradigms performance on
both individual tasks was not adapted to the individual ability level of each
participant. Therefore the result may reflect performance deficit of this
cognitive function instead of deficit in dual task coordination. Also still
has not studied developmental trajectory of the dual-task coordination in
healthy children and adolescents and subjects with ADHD in general and
in its subtypes (ADHD-C, ADHD-H and ADHD-I) that was planned and
realised in the current study.

In the most of studies a computerized version of dual-task was used.
The performance of computerized dual-task requires a light pen that is
not a standard piece of equipment in most laboratories and computer
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programs to run the tasks, which may not readily transferable from one
computer to the other. Therefore a paper and pencil version of the dual-
task paradigm was devised and used in the current study.

In several studies of executive functions, attention and working memory
comorbid disorders are not controlled. Comorbid disorders are in itself
associated with executive dysfunctions.

The other factor that prevents to find differences in cognitive
functioning between ADHD and controls and between ADHD subtypes is
taking of the large age ranges of children and adolescents with ADHD. In
the study small age intervals were used for subjects with ADHD and
controls and comparisons were done between these age subgroups

The disorder of the development of motor functioning is found to
be associated with the ADHD. Therefore it was necessary to control for
general motor function deficits to study whether executive functioning
deficit is specifically impaired in ADHD in general and its subtypes in
comparison with the healthy controls. Thus in the proposed study was
investigated whether differences in dual-task performance are determined
by the disorder in general motor functioning characterised to ADHD.
Review section

This section of the thesis includes 7 chapters, which consists

information about general characteristic of attention deficit hyperactivity
disorder (ADHD). In the chapter 1 is given information about the concept
of ADHD, its worldwide prevalence. Also in the chapter has described
possible etiological - genetic and environmental factors of ADHD, its
diagnostic criteria and principles of differentiation on subtypes. Also
included information about pathological (neuroanatomical and
neurochemical) mechanisms of the disorder.
Chapter 2 incudes information about different researches on
neuropsychological accounts of attention deficit hyperactivity disorder. In
the thesis is given information about the attention cognitive control
(inhibition, flexibility, switching, planning etc.) of the disorder.
Information about different theoretical constructs such as Delay Aversion
model, Integrated Affective and Cognitive model, Cognitive-Energetic
model and Developmental model proposed by different researchers is
described in the chapter 3.
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Chapter 4 includes information about working memory definitions, its
functions and neuroanatomical accounts. A number of different models
have been proposed to conceptualize the working memory and the model
chosen for this thesis. In the section described components (central
executive, phonological loop, visuo-spatial sketchpad and episodic buffer),
related neuroanatomical structures and functions of Baddeley’s
multicomponent working memory model and given information about
one of its important function the ability simultaneously coordinate two
tasks in healthy controls and children and adolescents with ADHD and its
subtypes (ADHD-C, ADHD-PHI, ADHD-PI).

In chapter 5 reviewed dual task coordination methodology and
related to the method researches. According to the studies dual-task
paradigm proved to be the sensitive tool for detecting of many
neurological disorders in early stage. Also in this chapter are described
both computerised and paper and pencil versions of the dual task paradigm
and described information about meaning and importance of mu score. In
the chapter reviewed results and specificity of dual task coordination
studies in children/adolescents and adults with ADHD. The
neuroanatomical basis of the dual task coordination ability was also
reviewed in the chapter five.

Working memory plays an essential role in children/adolescents’
cognitive development and existence of deficits in this structure seriously
influence on children’s academic and lifelong success. Therefore correct
and timely intervention considerably improves cognitive and academic
achievement of children. It was essential to study dual task coordination
abilities in healthy controls and children and adolescents with ADHD for
better understanding of normal and pathological working memory
functioning. According to the issues hypothesis of research was developed
and outlined in the chapter six. In this chapter also highlighted foreseeable
circumstances which are not considered in previous studies and were
elaborated in this research.

In the chapter seven provided information about main aims of the
research.

The presented PhD work’s experimental section consists 3 chapters.

Chapter eight outlines methods (test batteries and tasks) used in

this study including both computerized and revised by K. Inasaridze and
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colleagues paper and pencil versions of dual task, Wechsler’s intelligence
assessment battery WISC-III, children’s motor activity assessment battery
(MABC-2)). Also in this chapter given stages and procedures of recruiting
participants which includes total neurological and neuropsychological
diagnostic of participants, collection of information via the questionnaires
(DBD, SNAP-1V, SCQ, CBCL/6-18 and TRF/6-18) filled out by teachers and
parents/caregivers of participants and given detailed description of planned
experiments.

The results of the conducted experiments were analyzed by
different descriptive and inferential statistical methods using SPSS 20.0
and also described in the chapter 9 of the PhD thesis. The 2 groups x 3
conditions repeated measures ANOVA was used to determine the effect
of dual task on performance of List Memory Task and motor tracking. Post
hoc comparisons were determined by the Bonferroni test. The correlation
analysis was made by the Pearson correlations. The independent-sample t
test was used to make the between group comparisons. The regression
models was tested by the stepwise backward conditional multiple
regression method. The nonparametric Mann Whitney U test was used to
make between group comparisons for independent samples.

In the chapter 10 experimental data are reviewed, analysed and discussed
according to the existing in this field contemporary information.

In particular, the study found that dual-task coordination is
available in children and adolescents with ADHD regardless of subjects’
belonging to the particular subtype of ADHD (Inasaridze K & Bzhalava V.,
2010. Inasaridze K., Bzhalava V., 2011),. This executive control ability was
shown by children and adolescents with ADHD in the paradigm when
both component tasks were titrated to the individual ability levels of the
study participants as was done in computerized version (Bzhalava V.,
Inasaridze K., 2015) of the dual task and in the paradigm when only one
task was titrated as was done with paper and pencil version of the dual
task. This result was more apparent for the paper and pencil version of the
dual task. The study determined that task difficulty in dual-task paradigm
doesn’t affect disproportionately children and adolescents with ADHD in
comparison to age and years of education matched healthy controls. The
ADHD subjects have no specific deficit in dual task performance
regardless of their limitations in attentional processing. Thus we can
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suggest that controversial results found in previous studies for dual-task
coordination deficit in ADHD on the one hand is determined more by the
lack of purity of other dual-task paradigms in terms of share and presence
of other cognitive and executive functions in their performance that are
themselves deficient in ADHD, and on the other hand by the single tasks’
difficulty that differentially tax the restricted cognitive resources of
children and adolescents with ADHD in comparison to the healthy
controls.

The improvement of motor performance under dual-task condition
found for the computerised motor tracking task for children and
adolescents with ADHD and healthy controls resembles the similarly
detected improvement of walking performance in middle school children
with ADHD in some studies and could be explained by a higher
attentional level (vigilance) created by presenting them with a cognitive
challenge or by the suggestion that the additional cognitive load required
under dual task conditions creates an “automatic pilot” control of hand
movements while tracking the moving target. This is consistent with the
constrained-action hypothesis, when an external focus of attention allows
the motor system to be more naturally self-organized and promotes the
use of more automatic control processes. Previous studies have shown that
adaptation of an external focus may improve the performance of motor
tasks such as basketball free throws, biceps curls and postural control.
According to some researchers “an external focus of attention enhances
movement economy, and presumably reduces “noise” in the motor system
that hampers fine movement control and makes the outcome of the
movement less reliable”. The improvement of motor performance under
dual-task condition on computerised motor tracking task for children and
adolescents with ADHD could be explained by this theory.

According to the studies on neuroanatomical structures underlying
the dual-task functioning in healthy adults was suggested that anterior
cingulated area appears to be associated with dual task demands in the
healthy brain, over and above what is required for each task individually.
In the fMRI study of brain activation areas during dual-task performance
in children with and without ADHD, the ADHD group demonstrated
significantly greater activation of the left ventrolateral prefrontal cortex
during interference control as well as greater activation of the left anterior
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cingulated cortex, right ventrolateral prefrontal cortex, and left basal
ganglia during the dual task of interference control and response
competition. The simple cognitive deficit model of ADHD links executive
dysfunction with simplified frontostriatal circuitry that links prefrontal
cortex to the dorsal neostriatum and simple motivational model of ADHD
links motivation-based dysfunction with simplified frontostriatal
circuitry. These circuits incorporate prefrontal cortex, and anterior
cingulated areas among other structures. Thus in this study was supposed
to find dual-task coordination deficit since it shares neuroanatomy
substrate with the neuroanatomical mechanisms deficient in ADHD. It
can be proposed that despite neuroanatomical structures known to be
compromised in ADHD and related to the dual-task performance, the
dual-task coordination in children with ADHD is related to
neuroanatomical mechanisms different from those compromised in
ADHD. It is worth to note that dysfunction of other areas of the brain was
also found in ADHD and dysfunction of different areas can be attributed
to different subtypes of ADHD. The future study of neuroanatomical
correlates of dual-task demands vs. other disrupted in ADHD executive
functions in healthy children in comparison to children and adolescents
with ADHD could find separation of neural processes underlying the dual-
task performance and executive dysfunction associated with ADHD and
will gain our understanding of biological bases of ADHD.

The study supported the concept of a separate cognitive function
associated specifically with dual-task performance and provided evidence
for the independence of the dual-task coordination function from the
other executive functions that are compromised in ADHD.

The paper and pencil version of the dual task using the “Tbilisi
paper and pencil motor task” proved to be successfully applicable in the
educational settings. The paper and pencil version of the dual-task method
gave the same results in ADHD and healthy controls as computerised
version of the dual task. It can be used in school settings with children to
test working memory functioning and uncover its relationships with other
cognitive developmental disorders.

According to study findings the teaching strategies and
rehabilitation programs for children with different subtypes of ADHD
could include divided attentional demands if the individual tasks would
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correspond to the ability levels of children with ADHD. Performance of
the additional concurrent task may improve motor performance of
children with ADHD.

The subtypes of ADHD don’t differ on dual-task coordination
ability. The presented dual-task paradigm cannot be used as a criteria or
tool for differential diagnostics of subtypes of ADHD. The frequently
concomitant to ADHD comorbid disorders revealed differences in single
and dual motor task performance on computerized version of the task in
hyperactive/impulsive and inattentive subtypes of ADHD, but didn’t
affect the overall dual-task coordination as was found previously for other
executive functions.

The sex differences were found on computerized and paper and
pencil motor tracking task performance in children and adolescents with
ADHD. The girls performed computerized motor task better than boys but
boys perform paper and pencil motor task better than girls in children and
adolescents with ADHD. In General sex difference was found on overall
dual task performance for healthy control group, but it wasn’t detected for
ADHD group.

This study was not designed to test directly a specific model of
ADHD but relation of its results to the current models of ADHD deserves
consideration. Barkley didn’t use Baddeley’s working memory model and
he refers to “working memory” tasks as complex tasks that involve central
executive, buffer and rehearsal components of the Baddeley’s model.
Despite the inhibitory deficit in ADHD he also predicts the deficit of
working memory in ADHD that include central executive component of
the Baddeley’s model. Taking this into consideration results of the current
study would not support prediction made in the Barkley’s model of
ADHD. It was found that executive inhibition deficit was found in only
approximately 50% of studied ADHD children and proportion of other
executive-type deficits was quite low. The results of the present study also
didn’t reveal dual-task executive control problem in children and
adolescents with ADHD and supports the view that executive dysfunction
seems is neither a necessary nor a sufficient for the expression of ADHD.
But deficit of executive functions of children with ADHD can predict
future academic achievement and social functioning thus it is important
to define and assess which executive control process is compromised in
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children with ADHD. In Sonuga-Barke’s model of ADHD of multiple
developmental pathways, ADHD symptoms arise from two independent
pathways - the deficient executive control and motivational dysfunction
of delayed reward (delay aversion). The study results didn’t support the
executive control deficit and dual task had no delay component thus
motivational dysfunction cannot be detected. The present study found
that children/adolescents with ADHD can appropriately allocate cognitive
resources and distribution them between two tasks if these resources are
within the limits of their abilities, but if the task difficulty increases, the
division of resources becomes problematic that was detected in the current
study. The same tendency was found for the healthy controls but average
performance of children/adolescents with ADHD for easy and hard
conditions in general was lower than of healthy controls that show
limitation of cognitive resources in children/adolescents with ADHD but
not disruption of possibility to divide attention. This supports our
interpretation that dual task coordination deficit found in other studies
are mainly determined by the individual task difficulty levels that
differentially tax the restricted cognitive resources of children/adolescents
with ADHD in comparison to the healthy controls and/or by the cognitive
complexity of individual tasks that incorporate other cognitive and
executive functions, performance of which are themselves deficient in
ADHD. Considering the study results in the frame of Sergeant’s cognitive-
energetic model of ADHD that proposes deficit of information processing
in ADHD is determined by the interplay of three levels: computational
mechanisms of attention, state factors and management/executive
functions, can be concluded that state factors - energetic pools of effort
and activation that have considerable effect on motor output are disrupted
in ADHD since we found generally low performance level of single and
dual tasks when both tasks are titrated to the individual ability levels of
study subjects and under different difficulty levels of single and dual-task
performances for children and adolescents with ADHD in comparison to
healthy control. The study results didn’t show disruption of the
management/executive functions level that bears a strong similarity with
the Baddeley’s model.

The future study of dual-task coordination ability in healthy
control children and children and adolescents with ADHD could
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concentrate on dual-task coordination strategies in ADHD to find the
cognitive recourses using by this group of children to perform dual task at
a normal level. It is necessary to investigate if dual task coordination in
available during performance of everyday tasks and classroom behavior
for children/adolescents with ADHD taking into account comorbidity
disorders. Determination of dual-task strategies for better control of
classroom behavior and remediation of learning and academic
achievement needs further development and research. The definition and
comparison of dual-task coordination and response inhibition
contributions in performance of other complex executive functions as are
set switching or set shifting will enrich knowledge on neurocognitive
functioning of ADHD and its subtypes. It would be worthwhile to conduct
dual-task functional neural imaging study and find responsible
neuroanatomical mechanisms of dual-task performance in healthy
children and ADHD group and compare it with the performance of
deficient in ADHD cognitive functions that will deepen our knowledge
about the neural basis of ADHD.

Resume

1. The dual-task coordination is available in children and adolescents
with ADHD in general and in its subtypes (ADHD-C, ADHD-PHI and
ADHD-PI) and not significantly different from performance of age
and years of education matched healthy controls;

2. Increase of the task difficulty in dual-task paradigm don’t affect
disproportionately children and adolescents with ADHD and its
subtypes (ADHD-C, ADHD-PHI and ADHD-PI) in comparison to
age and years of education matched healthy controls;

3. The paper and pencil version of the dual-task method is giving the
same results as computerised version in ADHD and its subtypes in
comparison to age and years of education matched healthy controls.

4. The dual-task functioning in ADHD in general and in its subtypes
(ADHD-C, ADHD-PHI and ADHD-PI) is not defined by the general
motor functioning and comorbidity factors. In healthy controls dual
task coordination ability in determined by motor functioning.

5. Comorbidity factors such as conduct disorder and oppositional defiant
disorder do not affect dual task coordination ability in children and
adolescents with ADHD and its subtypes (ADHD-C, ADHD-PHI and
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ADHD-PI) in comparison to age and years of education matched
healthy controls.
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