








as well as in 4 of 6 general behavior
subscales (Table 2 and Supplemental
Table 4) and on all 3 BRIEF summary in-
dex scales aswell as 7 of 8 BRIEF subscales

(Table 2 and Supplemental Table 5). Par-
ticipants in the CT condition showed
significant improvements over time
compared with the control on only 1 of

the 5 Conners 3-P subscales (Table 2)
and on 2 of 8 BRIEF subscales (Sup-
plemental Table 5). Furthermore, par-
ticipants in the neurofeedback condition
showed significant improvements over
time compared with the CT condition
on 6 Conners 3-P subscales (Supple-
mental Table 4) and on 6 BRIEF sub-
scales (Supplemental Table 5). See
Fig 2 for observed participant mean
scores across the 3 study time points
by condition in core ADHD and execu-
tive functioning areas.

Classroom Observation

Results from the linear growth model
did not show sustained change; how-
ever, the linearmodel was not a good fit
for Off-task Motor/Verbal, therefore
a quadratic model was estimated and
significant improvementswere found in
the neurofeedback condition compared
with the control (P= .04). Therewere no
differences found between neurofeed-
back and CT conditions on classroom
observation measures (Table 3).

FIGURE 1
CONSORT (Consolidated Standards of Reporting Trials) diagram. a In a small number of cases, parent or teacher data were missing; therefore, sample sizes
may be somewhat smaller than is indicated here.

TABLE 1 Participant Characteristics

NF CT Control

n 34 34 36
Age, mean (SD), y 8.4 (1.1) 8.9 (1.0) 8.4 (1.1)
Male gender, n 23 22 25
Race, n
White 23 24 29
Black or African American 3 1 3
Asian 7 8 4

Fourth gradea, n 21 28 22
Family income # $74 999, n 13 12 12
Suburban school district, n 24 25 27
IQ, mean (SD)
IQ composite 106.6 (13.9) 108.4 (14.3) 108.9 (15.4)
Verbal IQ 101.3 (16.7) 103.9 (19.4) 105.1 (16.3)
Nonverbal IQ 109.6 (12.5) 110.2 (12.1) 109.7 (17.7)

ADHD medication, n 15 14 20
Medication MPH equivalentb, mean (SD) 28.9 (14.4) 24.2 (10.2) 25.1 (15.9)
Counseling (private), n 9 7 8
School services: IEP/504 Plan, n 27 22 21
Conners 3-P Global Index, mean (SD) 75.77 (13.46) 70.89 (10.83) 74.61 (12.08)
BRIEF Global Executive Composite, mean (SD) 66.30 (10.00) 61.75 (6.59) 64.65 (9.02)
BOSS Engaged, mean (SD) 72.16 (12.40) 73.37 (13.30) 78.20 (11.67)
BOSS Off-Task, mean (SD) 30.17 (17.10) 25.87 (15.05) 21.14 (13.87)

IEP, Individualized Education Plan; MPH, methylphenidate; NF, neurofeedback.
a Significant difference between conditions.
b Only includes participants who were taking a stimulant medication.
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Medication Analysis

Amongparticipantsreceivingstimulant
medication, themean dosage change in
the neurofeedback condition from pre-
intervention to 6-month follow-up was
a 0.70-mg methylphenidate-equivalent
increase (P = .44). In both CT and con-
trol conditions, parents reported sig-
nificant increases: 13.08 mg for CT (P =
.02) and 9.14 mg for the control (P ,
.001). No between-group dosage differ-
ence was found at 6-month follow-up,
controlling for preintervention (P = .08).

DISCUSSION

The outcomes of these analyses are
promising. Parents of children in the
neurofeedback condition reported sus-
tained improvements 6 months after
the intervention, comparedwith those in
the control condition. In the CT condition,

areas of executive functioning that did
not show statistically significant change
immediately after the intervention
showed a significant change by the 6-
month follow-upassessment compared
with the control condition. Even after
the intervention had stopped, parents
continued to notice improvements in
response to both interventions. Al-
though similar to the Arns et al12 meta-
analysis, improvements seen in the
hyperactivity/impulsivity-related scales in
the neurofeedback condition are sur-
prising, because hyperactivity was not
directly targeted in the intervention.
Nevertheless, these findings suggest that
when children’s focus increases, phys-
ical activity level is reduced.

Clinician’s management of medication
was conducted independently of the
study protocol. It is noteworthy that par-
ticipants in the neurofeedback condition

showed maintenance of stimulant med-
ication dosage while presumably ex-
periencing the same physical growth
and increased school demands as CT
and control condition peers, whose med-
ication dosage increased clinically and
statistically (9- to 13-mg methylphenidate-
equivalent units).

This study used multiple sources and
types of data including questionnaires
from parents, systematic classroom
observationsofbehavior,andmedication.
Because children had a different teacher
at pre- and postintervention compared
with the 6-month follow-up, teacher re-
ports were not included in these anal-
yses. The inclusion of the systematic
classroomobservationsprovidedavalid
double-blinded representation of the
children’s behavior in the classroom.

Randomization of subjects to treatment
conditions, as applied in this study, is the
gold standard for clinical trials. Even
though stratified by gender, school sys-
tem, and medication status and well
balanced regarding demographic char-
acteristics across all 3 randomized
conditions, the participants in the 3
conditions appeared to differ in the se-
verity of baseline ADHD symptoms. How-
ever, none of these differences reached
significance, and it is unclear how these
differences in baseline severity might
have affected the results. Furthermore,
we relied on growth models to isolate
change over time, not status at post-
treatment or follow-up; our time coding,
which centered time at posttreatment,
was selected to reduce the correlation of
initial status and change.

Parents were aware of the type of in-
tervention their child received, which
was unavoidable, because 1 of the sys-
tems uses a helmet and the other does
not. Parents were informed that the 2
interventions were both commercially
available and had achieved similarly
encouraging results inprevious studies
at the time of enrollment. At postin-
tervention, we found no differences in

FIGURE 2
Observed participant mean scores across 3 study time points. NF, neurofeedback.
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satisfaction with the intervention be-
tween parents with participants in the
neurofeedback condition and parents
with participants in the CT condition, sug-
gesting that parent bias most likely did
not affect their reporting of themeasures.

CONCLUSIONS

Neurofeedback participants showed
significant improvements that were
sustained 6 months after the interven-
tion compared with those in the control
and CT conditions, as reported by the
parents consistently on all of the core
ADHD subscales and executive func-
tioning scales. Participants in the CT
condition showed significant improve-
ment 6 months after the intervention
period on 2 executive functioning sub-
scales.Medication dosagewas sustained
among participants in the neurofeed-
back condition, whereas for CT and
control conditions itwas increased. The
finding that neurofeedback was supe-
rior to CT on multiple scales further
supports its efficacy as a treatment
of children with ADHD. Effects were

reported earlier in the neurofeedback
condition than in the CT condition and
were also stronger at the 6-month
follow-up period, showing the promise
of neurofeedback as a treatment with
sustained gains for children with ADHD.

This is the first large randomized con-
trolled trial to evaluate the long-term
efficacy of in-school CompAT. Despite
the paucity of scientific data, both
neurofeedback and CT training systems
are currently being used in school
systems across the United States,29,30

underlining the importance of sys-
tematic studies of their effectiveness.
The direct impact of attention deficits
on academic progress makes schools
an ideal setting for such an interven-
tion, because all children with ADHD in
all communities could potentially have
access to these services on an ongoing
basis. A next important step will be to
assess individual participant differ-
ences to evaluate which factors might
be associated with the most progress
on the respective interventions and to
study older developmental age cohorts.
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ADULT TASTES: Last week I was at the frozen food section of the supermarket
staring at rows of frozen desserts and practically rendered immobile by in-
decision. I was looking for a special frozen dessert for a friend of mine who likes
dessert and specifically chocolate ones. Of course, there were many varieties of
chocolate, chocolate chip, and chocolate fudge ice creams. However, I was drawn
to the gelatos, possibly because of my culinary experiences while traveling in
Italy, but also because of gelato’s remarkable flavors. I could choose from Ar-
gentine caramel, Belgium milk chocolate, and German Chocolate Cake. I even-
tually settled on a pint of Sea Salt Caramel gelato despite the fact that it cost more
than a half-gallon of ice cream. Evidently, I am not the only adult captivated by the
rich flavors found in gelato and willing to pay a bit more for the experience.
As reported in The Wall Street Journal (Life & Culture: November 12, 2013), sales
of gelato in the US jumped almost 90% in 2012 while sales of ice cream and ice
cream products remained flat. Gelato and premium ice creammakers have been
attempting to lure adults into buying more for themselves by introducing more
complex and exotic flavors. The interest in more obscure flavors may be due to
the spread of the food culture through TV shows and social media. Occasionally,
the flavors do not work out well. For example, tasters found a peach-champagne
sorbetto (a non-dairy gelato) with mint to be too intense and the line was
dropped. As for me, I am thrilled with all the new flavors. Still, I tend to gravitate to
the caramel gelatos which for at least one company have become the top selling
gelatos – selling even more than vanilla. As for my friend, she was very pleased
with my selection, as was I.
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