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ABSTRACT

This study aims to compare the effects of two methods of motivational manipulation and
neurofeedback on reward sensitivity, delay discounting, and impulsivity in children with Attention Defi-
cit/Hyperactivity Disorder (ADHD).

[VETTYE This is an experimental study with a pre-test/post-test/follow-up design using a control group.
Participants were 90 children aged 7-12 years with ADHD in Tehran, Iran who were selected using a
convenience sampling method. Neurofeedback and motivational manipulation were performed in the
two intervention groups at 12 sessions each session for 45 minutes. Balloon Analogue Risk task and
Chocolate Delay Discounting task were used to collect data. The collected data were analyzed using
MANCOVA in SPSS v.23 software.

[(ESTE After controlling the effects of pre-test scores on post-test scores, the difference between the
groups in the post-test phase was statistically significant in terms of impulsivity and delay discounting
(P<0.01) and reward sensitivity (P<0.05). The neurofeedback method (Mean=4.66) had a greater effect
on reward sensitivity than motivational manipulation method (Mean=2.31) compared to the control
group, which was significant (P<0.01). The effect of motivational manipulation (Mean=2.31) was not
significant in comparison with the control group.

[@TEIERT Voluntary activation of dopaminergic regions of the brain by neurofeedback and motivational
manipulation leads to endogenous dopamine control in these regions, resulting in successful regulation
or inhibitory control and reduced cravings, which reduces impulsivity and reward sensitivity.

Extended Abstract

1. Introduction

here are various models in the pathology
of Attention Deficit/Hyperactivity Disor-
der (ADHD). The current models suggest
abnormal reward sensitivity as a causal
factor. In overall, the predictions of these
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models in children with ADHD include the following: (a)
Relatively strong preferences for smaller sooner rewards
compared to larger later rewards, (b) Decreased release
of dopamine from corpus striatum while to reward cues.
Studies have shown activity of Reticular Activating Sys-
tem (RAS) in brain stem is lower in these patients. Locus
coeruleus is the source of norepinephrine in RAS. It keep
cortex active but when the activity of RAS is reduced con-
sequently by deficiency in excretion of norepinephrine,
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the cortex activity (especially the activity of frontal lobe)
is reduced which leads to reduced attention and increased
impulsivity. Voluntary activation of dopaminergic regions
of the brain by neurofeedback and motivational manipu-
lation leads to endogenous dopamine control in these
structures, resulting in successful regulation or inhibi-
tory control and reduced impulsivity. This study aims to
compare the effects of two methods of motivational ma-
nipulation and neurofeedback on reward sensitivity, delay
discounting, and impulsivity in children with ADHD.

2. Materials and Methods

This is an experimental study with a pre-test/post-test/
follow-up design using a control group. The study pop-
ulation consisted of all children aged 7-12 years with
ADHD in Tehran, Iran. A convenience sampling method
was used for sampling. Sample size was determined 90
based on the study purpose and method (in experimental
studies, the sample size should be at least 30 people in
each group).

Neurofeedback and motivational manipulation were
performed in the two intervention groups at 12 sessions
each for 45 minutes. Balloon Analogue Risk Task and
Chocolate Delay Discounting task were used to collect
data in pre-test, post-test and follow-up phases. The col-
lected data were analyzed using MANCOVA in SPSS
v.23 software.

3. Results

After controlling the effects of pre-test scores on post-test
scores, the difference between the groups in the post-test
phase was $tatistically significant in terms of impulsivity
and delay discounting (P<0.01) and reward sensitivity (P
<0.05). The neurofeedback method (Mean=4.66) had a
greater effect on reward sensitivity than motivational ma-

Table 1. ANOVA results using the least significant difference test
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nipulation method (Mean=2.31) compared to the control
group, which was significant (P<0.01). The effect of mo-
tivational manipulation (Mean=2.31) was not significant
in comparison with the control group (Table 1).

4. Discussion

Voluntary activation of dopaminergic regions of the
brain by neurofeedback and motivational manipulation
leads to endogenous dopamine control in these regions,
resulting in successful regulation or inhibitory control and
reduced cravings, which reduces impulsivity and reward
sensitivity. Substantia Nigra/Ventral Tegmental area is
activated by using pleasurable stimulus. Therefore, pre-
senting pleasurable stimulus during neurofeedback and
motivational manipulation can be a strategy for endog-
enous dopamine regulation. Neurofeedback is a reward
system that teach the brain how to function more optimal-
ly. Hence, the brain is able to create new neural pathways
(neuroplasticity), and neurofeedback therapy attempts to
reconstruct these pathways.
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7. Projections

8. Striatum and frontal

9. Inhibitory control

10. Neuroplasticity

11. Ventral tegmental area (VTA)
12. Substantia nigra (SN)
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21. Ventral tegmental area (VTA)
22. Substantia nigra (SN)

23. High incentive salience

24. Cortical/Subcortical

25. Craving
26. Neuroplasticity
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