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Abstract

Primary evidence-based treatment approaches for ADHD involve pharmacological and behavioral treatments. However, there
continue to be investigations of cognitive-behavioral, cognitive, and neural-based intervention approaches that are not considered
evidence-based practice. These particular treatments are summarized, as they all involve training in cognitive skills or cognitive
strategies. We identified 26 studies (six cognitive-behavioral, six cognitive, and 14 neural-based), and calculated effect sizes where
appropriate. Overall, our analysis suggests that further research is needed to determine the efficacy of these approaches on both
cognitive and behavioral outcome measures, but that some of these methods show promise for treating ADHD. We discuss some
important conceptual and methodological issues that need to be taken into account for future research in order to evaluate the
clinical efficacy of these approaches.
© 2007 Elsevier Ltd. All rights reserved.
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Attention-Deficit/Hyperactivity Disorder (ADHD) is typically first diagnosed in childhood, with symptoms persisting
into adolescence and adulthood (DSM-IV-TR, American Psychiatric Association, 2000). Primary evidence-based
treatments of ADHD have focused on pharmacology and behavioral treatments (Chronis, Jones, & Raggi, 2006; MTA
Cooperative Group, 1999), but there continue to be investigations of cognitive, cognitive-behavioral, and neural-based
interventions as treatment options for ADHD. Most theories of ADHD attribute an important role to affected executive and
cognitive processes (Barkley, 2006; Sonuga-Barke, 2002, 2003), yet the field has not been able to develop an evidence-
based intervention based on cognitive-behavioral principles (Hinshaw, 2006). Indeed, part of the challenge has been the
changing conceptualization of the etiology and behavioral profile of ADHD. This review will examine the different
cognitive, cognitive-behavioral, and neural-based interventions that have been used to treat ADHD, review the empirical
support for these approaches, and provide a critical analysis and future directions to advance the field with respect to
interventions for ameliorating cognitive processes.

1. Characterizing cognitive, cognitive-behavioral, and neural-based interventions

The strategy of this review was to broadly include those interventions that use cognitive-based strategies. Namely,
included were those approaches that have the goal of remediating deficiencies in thinking or cognitive processes in
individuals with ADHD. Specifically, studies classified as cognitive-behavioral included strategy and metacognitive
training. Cognitive studies included direct skills training of cognitive skills, such as working memory or attention. Neural-
based interventions included neurofeedback, which included cognitive-behavioral and cognitive techniques. Specifically,
neurofeedback training sessions involve coaching by clinicians to assist clients with maintaining effort and focus through
the use of metacognitive strategies (Butnik, 2005). All of these approaches are separable from strictly behavioral and
pharmacological treatment approaches, but notably, some of the studies do augment the cognitive approaches with
behavioral strategies or medication. The goal of including the breadth of these studies is to provide a summary and
integration of these studies in order to provoke further research to evaluate the range of cognitive-based strategies in
ADHD. The utility of cognitive-based approaches remains a critical question (Hinshaw, 2006) — despite changing
conceptualizations of ADHD, deficits in cognitive, executive processes remain an important component of the disorder
(Barkley, 2006).

2. Changing conceptualizations of ADHD

An important aspect of any useful treatment or intervention is the theory that supports the intervention. The theoretical
conceptualizations of ADHD have also undergone a considerable amount of change in recent years. It was only in the DSM-
IV (APA, 1995) that the three subtypes of ADHD were formally recognized, including the Inattentive subtype, Hyperactive/
Impulsive subtype, and the Combined subtype. Research in recent years has highlighted the importance of differentiating
the impact of these different subtypes, for example, the Inattentive subtype has been associated with lower performance on
executive, cognitive-based measures compared to those of the Hyperactive/Impulsive subtype (Chhabildas, Pennington, &
Willcutt, 2001). Much of the emphasis over the last 20 years of research has been on impairment of executive functions,
including lower performance on measures, such as inhibitory control, working memory, and set shifting (Barkley, 2006).
More recent models have elaborated this view, for example, the dual pathway model suggests that both executive and
motivational deficits related to delay aversion may importantly predict ADHD symptoms (Sonuga-Barke, 2002, 2003).
Similarly, others have argued that there are multiple causes (Nigg, 2006) or different endophenotypes (Castellanos &
Tannock, 2002) that may be responsible for the heterogeneity in the clinical expression of ADHD.

The changing conceptualization of ADHD forces the field to constantly evaluate the adequacy of our treatment
approaches, and our working theory of ADHD has an important impact on treatment approaches. A case in point is the
example of sensory integration therapy, which was proposed for use with children with ADHD. This therapy involves
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compensatory strategies, such as altering or avoiding certain stimulus characteristics of the physical environment (e.g.,
decreasing aversive touch). The rationale for this therapy was based on the assumption that ADHD is an “input”
problem, that sensory and motor input is processed and interpreted in faulty ways, resulting in inappropriate responses
to sensory stimuli (Waschbusch & Hill, 2003). Similarly, efforts to use problem-solving strategies and verbal mediation
may have been misguided if in fact one views the core deficits of ADHD as occurring pre-verbally (Hinshaw, 2006).

In evaluating the utility of any treatment approach, consideration must be given to the theoretical rationale for the
expected utility of the treatment. We need to ask: what is it that we are attempting to ameliorate? In the cases of other
child psychopathologies, such as anxiety and depression, strategies to modify cognitive distortions have been
demonstrated to be effective (Kazdin & Weisz, 2003). In the case of ADHD, instead we may be dealing with cognitive
deficiencies, as opposed to distortions, which are likely much harder to remediate (Hinshaw, 2006). Next, a brief
review of currently accepted evidence-based approaches for ADHD sets the stage for contextualizing the potential
efficacy of cognitive, cognitive-behavioral, and neural-based approaches.

3. Evidence-based practice for treatment of ADHD

The largest and most influential study on the treatment of ADHD is likely the Multimodal Treatment Study of
children with ADHD study (MTA Cooperative Group, 1999), which included a sample of 579 children diagnosed with
ADHD Combined subtype, between 7 to 9.9 years of age, who were followed for 14 months. The overall interpretation
of the results indicated that medication management significantly decreased ADHD symptoms compared to the
behavior program alone, and that the combined medication and behavior treatment were not significantly better than
the medication management or behavioral treatments alone. This demonstration of the significant effect of medication
on ADHD symptoms has been very influential, leading many in the field to conclude that medication is the only viable
option for treating children with ADHD, and that behavioral intervention strategies are not important for treating the
core symptoms of ADHD (Hinshaw, 2006). Others, however, have argued that not all of the data are consistent with the
conclusion that medication treatments are in fact superior to behavioral treatments, rather, it has been suggested that the
effectiveness of both medication and behavioral treatments should be highlighted (Waschbusch & Hill, 2003). While
medication is easy to use, widely available, effective with relatively few side effects, some of the limits include the fact
that treatment gains last as long as the child is taking the medication, that approximately 20—-30% of children respond
unfavorably, and questions about whether this approach produces long-term gains (Waschbusch & Hill, 2003).
Stimulant medication may also have differential effects on different domains of functioning, with evidence suggesting
efficacy in reducing ADHD and internalizing symptoms and positively impacting social behavior, but less evidence to
suggest improved academic performance (Schachar et al., 2002).

A recent review of evidence-based psychosocial treatments for children and adolescents with ADHD indicates that
there is adequate evidence for behavioral parent training and behavioral school interventions that has resulted in such
treatments being classified as an empirically validated treatment (Chronis et al., 2006). Both behavioral parent training
and classroom behavior management encompass teaching parents and teachers to use behavioral modification
principles based on social learning principles, such targeting specific behaviors, using praise, positive attention, and
rewards to increase positive behaviors, and using ignoring, timeout, and non-physical discipline strategies. Obtained
average effect sizes for parent training have been estimated to be 0.87 and 1.44 for behavioral school-based
interventions (Chronis et al., 2006). Some of the limits identified with behavioral approaches overlap with the limits of
medication treatments, including the fact that effects appear to be short-term and limited to the period of treatment, that
not all children respond positively to treatment (which may partly be impacted by the delivery of treatment, including
willingness of parents, knowledge and skills of therapist, for example), and a lack of demonstrated effectiveness over
the long-term (Waschbusch & Hill, 2003). Overall, both medication and behavioral approaches have been
demonstrated to be effective, but limitations exist suggesting the need to consider additional strategies and approaches.

4. Review of cognitive, cognitive-behavioral, and neural-based interventions

The goal of this review was to include studies that have used cognitive-behavioral, cognitive, or neural-based
treatment approaches for individuals with ADHD. The net was cast widely to include studies from childhood to
adulthood. We conducted a search using the PubMed online database to capture any articles on cognitive-behavioral,
cognitive, or neural-based treatment in ADHD from the date range of March 1981 to May 2007. We identified a total of
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26 studies, which included six studies categorized as cognitive-behavioral, six studies categorized as cognitive, and 14
neural-based studies. The first part of this review is descriptive, in order to provide an overview of the types of
approaches and methods that have been used. Second, we sought to provide a more quantitative approach for
evaluating the relative efficacy of these approaches. A meta-analytic approach was not appropriate given the extreme
heterogeneity of the studies (Kline, 2004), including different administrations, lengths, and intensities of the
treatments, differences in age groups, differences in medication status, and differences in the diagnostic criteria used to
identify ADHD. Instead, we calculated effect sizes for each of these studies, as described below.

The studies included in this review are summarized in Table 1. In particular, demographic characteristics of the
samples included in the study are reported, including age, gender, sample size, intelligence cut-off scores, medication
status, and subtype. A brief treatment description is included, with number of groups, nature of treatment and control
groups, and intensity and duration of the interventions. The summary of the results is broken down into cognitive and
behavioral measures; we focused on these particular domains in order to assess the cognitive and behavioral impact of
these treatments and for purposes of comparison among these different studies. Any results reported on changes in
neural-based outcome measures or reported self-esteem, for example, were not included.

In order to provide a more quantitative analysis of the findings, Tables 2 and 3 include effect size calculations for the
cognitive (Table 2) and behavioral variables (Table 3). In determining the appropriate effect size statistic, the
commonly used Cohen’s d was not used because an underlying assumption of this statistic is that the impact of
treatment will not change the homogeneity of variance of the two sample means being compared (Cooper & Hedges,
1994; Kline, 2004). It is well documented that individuals with ADHD tend to display extreme variability in their
scores on most performance-based measures (Castellanos, Sonuga-Barke, & Tannock, 2006; Russell et al., 2006;
Tannock, 1998; Williams, Strauss, Hultsch, Hunter, & Tannock, 2007), and a number of studies in this review
demonstrated large changes in variability from pre- to post-treatment following neurofeedback or a stimulant
medication treatment (such as, Fuchs et al., 2003; Monastra et al., 2002; Rossiter & La Vaque, 1995). For these reasons,
Glass’s 4 was used to calculate effect sizes, which is calculated by taking the mean difference between the
experimental and control groups divided by the standard deviation of the control group (Kline, 2004). This provides a
more conservative effect size calculation that takes into account any significant changes in variability of performance
due to treatment (Kline, 2004). Effect sizes were calculated for those studies that compared a treatment to a control
group with participants identified with ADHD, and where means and standard deviations were available to calculate
Glass’s 4.

4.1. Cognitive-behavioral treatments (CBT)

Cognitive-behavioral approaches have included training in self-instructions, problem-solving, self-reinforcement,
and self-redirection to cope with errors. There is an important history with respect to this treatment approach (Abikofft,
1991). In general, these treatment studies have not demonstrated any treatment gains (Abikoff, 1991; Hinshaw, 2006),
and are thus considered to be unsupported, ineffective treatments (Waschbusch & Hill, 2003). As this line of research
has been evaluated elsewhere (Abikoff, 1991), we will not review these studies, except ones more recent since this
review.

The rationale and underlying theory for these types of treatments is the belief that behavioral self-control can be
increased by enhancing specific cognitive or metacognitive skills, which are believed to underlie and promote impulse
control, goal-directed behavior, or both (Abikoff & Gittelman, 1985; Meichenbaum, 1977). Even studies that
administered intensive cognitive training to children with ADHD over a period of 16 weeks demonstrated no
significant effects on academic, cognitive, or behavioral measures relative to a general support control or no-training
group (Abikoff et al., 1988).

Abikoff’s (1991) review of cognitive training interventions included 21 controlled investigations. When examining
impact on cognitive, academic, and behavioral functioning, few significant differences were obtained. On measures of
cognitive function, measures included cognitive tempo (such as the Matching Familiar Figures Test), planning ability,
sustained attention, and maintenance and working memory. In terms of academic functioning, no impact on reading
ability was realized, but a slight effect for math functioning was reported. There was also little effect of cognitive
training reported on behavioral change. However, there were some exceptional instances in which cognitive-behavioral
approaches were reported to be effective. For example, Hinshaw, Henker, and Whalen (1984) demonstrated that a
reinforced self-evaluation treatment, which involved explicit training in self-monitoring and evaluating one’s
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performance with very salient skills and concepts, such as anger control, was superior to other treatments. Also,
children and adolescents with subclinical levels demonstrated improvements, and cognitive strategies combined with
behavioral programs applied to specific domains, such as social skills and anger management, have been found to be
effective (Hinshaw, 2006). Hinshaw (2006) argues that any cognitive-based procedure must explicitly include
behavioral or contingency based management strategies to be effective. Behavioral approaches may be critical to
support a transition from extrinsic rewards to internalized cognitive, self-regulated habits.

Not surprisingly, our examination of cognitive-behavioral studies since Abikoff’s (1991) review also demonstrated
mixed findings within the small set of six studies characterized by CBT. Important considerations include differences
within and between studies with respect to medication status, and mixed reporting of subtype status (see Table 1). As
there were only six studies in this category and because the treatment approaches varied considerably, we review the
methods and results of each of these studies.

Fehlings, Roberts, Humphries, and Dawe (1991) taught children cognitive-behavioral strategies such as problem-
solving using a token contingency reward system. Children were taught a five-step process of problem-solving,
including defining the problem, setting a goal, generating problem-solving strategies, choosing a solution, and
evaluating the outcome with self-reinforcement. These concepts were reinforced through the use of modeling and role-
playing exercises, instructional training, homework, and behavioral techniques, such as social reinforcement and a
token system. A supportive therapy control group involved the same exposure to a therapist and tasks, but no training in
the cognitive-behavioral strategies. No significant group differences were obtained on a cognitive measure of
impulsivity (Matching Familiar Figures Test; Fehlings et al., 1991), but parents reported a significant decrease in child
activity level following CBT than controls.

Similar to Fehlings et al. (1991), two additional studies used cognitive-behavioral approaches with children. Hall
and Kataria (1992) compared three groups, including behavior modification, cognitive training, and a control group,
and the effect of medication was evaluated within each group. The cognitive training group was reported to receive
training in how to approach the cognitive outcome measure of attention, whereas the behavior modification group
received direct reinforcement for correct responses during administration of the outcome measures. They reported a
significant effect of the cognitive training treatment combined with stimulant medication on sustained attention.
Semrud-Clikeman et al. (1999) compared attention training combined with strategies to a control group for problem-
solving in children The training group received guidance on setting goals during the course of treatment, and guidance
on the selection of effective strategies for the cognitive outcome measures of attention. They reported a significant
effect of treatment on measures of cognitive outcome, specifically sustained visual and auditory attention.

Barkley, Edwards, Laneri, Fletcher, and Metevia (2001) also used a cognitive-behavioral method for adolescents,
specifically using problem-solving, communication training, and cognitive restructuring to improve parent—adolescent
conflict. The problem-solving component involved training in a five-step problem-solving approach, including
problem definition, brain-storming solutions, negotiation, decision-making, and implementing the solution.
Communication training involved helping parents and adolescents develop more effective communication strategies
when discussing conflict, and cognitive restructuring involved identifying and altering unhelpful belief systems.
This CBT approach was compared to a combination of this approach with behavioral contingencies. Overall,
both approaches demonstrated pre—post improvement on a number of behavioral outcome measures, including a
decrease in ADHD and ODD symptoms by parents and the adolescent. No significant differences between groups were
reported.

Two studies involved strategy and skills training for adults with ADHD. Stevenson, Whitmont, Bornholt, Livesey,
and Stevenson (2002) compared cognitive remediation training to a wait-list control group. The cognitive remediation
training involved therapist-led group sessions on a weekly basis, with strategy training designed to improve motivation,
concentration, listening, impulsivity, organization, anger management, and self-esteem. They found that the treatment
group self-reported a significant decrease in ADHD symptoms relative to controls, and that these gains were
maintained at 2 and 12 months. Using somewhat of a similar approach, Hesslinger et al. (2002) compared a structured
skills training program with a wait-list control group. Due to attrition in the control group, pre—post data on outcome
measures were only available for the treatment group. They reported significant pre—post differences on measures of
attention and inhibition in their structured skill training program.

Overall, four of the six studies included outcome measures of cognitive performance, with primarily measures of
attention. In this small sample of studies with cognitive outcome measures, results were mixed. Effect sizes on the
cognitive measures ranged from small to large, as shown in Table 2. In the Fehlings et al. (1991) study, a small effect



Table 1

Summary of neural-based, cognitive-behavioral and cognitive treatment studies included in this review

Source Sample Treatment description Description of results: cognitive and behavioral outcome measures
Cognitive-behavioral training
Barkley et al. (2001) 10: >80 Tivo groups Behavioral measures:

Fehlings et al. (1991)

Hall & Kataria (1992)

Hesslinger et al. (2002)

Semrud-Clikeman et al. (1999)

Stevenson et al. (2002)

Diagnosis: DSM:IV

Sample size: n=97

Gender: 87 males, 10 females

Mean age: 14.6 years

Medication status: 62% medicated

Subtype: all Combined subtype

10: >85

Diagnosis: DSM:IIIR

Sample size: n=25

Gender: all males

Mean age: 9.3 years

Medication status: not medicated during treatment
Subtype: not indicated

1Q: not indicated

Diagnosis: based on parent and teacher ratings, parent-child
interview, and observations

Sample size: n=21

Gender: 18 boys, 3 girls

Mean age: 7.6 years

Medication status: on and off medication comparisons
for each treatment

Subtype: not indicated

10: mental handicap excluded, otherwise not indicated
Diagnosis: DSM-IV

Sample size: n=15

Gender: 10 males, 5 females

Mean age: approximately 32 years

Medication status: 6 began stimulant

medication during treatment, one discontinued an antidepressant

Subtype: indicated for treatment group (6

Combined, 1 Hyperactive/Impulsive, and 1 Inattentive) but not
control group

1Q: average 1Q

Diagnosis: DSM:IV

Sample size: n=33

Gender: 28 boys, 5 girls

Mean age: 10.2 years
Medication status: 2 medicated
in ADHD groups

Subtype: not indicated

1Q: not reported

Diagnosis: DSM:IIIR

Sample size: n=43

Gender: 29 men, 14 women
Mean age: 35.9 years
Medication status: 11 medicated
Subtype: not indicated

Problem-solving communication training (PSCT)
and PSCT with behavior modification training
(BMT) (both 18 60-min sessions; parent and
adolescent attended all PSCT sessions,

adolescent attended last 9 sessions of PSCT+BMT
that focused on PSCT content)

Two groups

Cognitive-behavioral treatment group (12 60-min
sessions biweekly with child and 8 2-h sessions with
family every 2 weeks) and Supportive therapy control
group (same number and frequency as CBT group)

Three groups

Behavior modification, cognitive training or control
group (interventions occurred during assessment), and
medication effect compared in each treatment

Two groups
Structured skill training program (13 2-h weekly
sessions for 3 months) and wait-list control group

Three groups

Attention and problem-solving training for children
with ADHD (2x/week for 18 weeks; 60 min each),
and no intervention ADHD and control groups

Tiwo groups
Cognitive remediation program (8 2-h weekly
sessions) and wait-list controls

(1) DMS-1V Questionnaire. Significant pre—post decrease in ADHD and
ODD symptoms reported by mother, father, and adolescent, but no
significant differences between groups.

Cognitive measures:
(1) Matching Familiar Figures Test: No significant group differences.

Behavioral measures:

(1) Parent behavior ratings: Parents reported significant decrease in child
activity level in CBT group than in control group.

Cognitive measures:

(1) Continuous Performance Test (Gordon Diagnostic System to measure
sustained attention and exerted self-control): significant treatment group by
medication status interaction on efficiency ratio (ER) from the delay task
(reported as indicator of impulsivity). Significant ER improvement reported
in cognitive training combined with medication.

Cognitive measures:

(1)d2 Test for Selective Attention: Significant pre—post improvement in treatment
group. Group differences unavailable because of attrition in control group.

(2) Digit Symbol Subtest for Split Attention: Significant pre—post
improvement in treatment group. Group differences unavailable because of
attrition in control group.

(3) Stroop Test: Significant pre—post improvement in treatment group.
Group differences unavailable because of attrition in control group.
Behavioral measures:

(1) Significant self-reported pre—post differences reported: less depressive
symptoms, less ADHD symptoms, and improved overall health in treatment
group. Group differences unavailable because of attrition in control group.
Cognitive measures:

(1) Sustained visual attention. The intervention group had similar scores as
the controls but performed significantly better than the ADHD control
group at post-test.

(2) Sustained auditory attention. The intervention group had similar scores
as the controls but performed significantly better than the ADHD control
group at post-test.

Behavioral measures:

(1) ADHD symptoms. Treatment group self-reported significant
improvement in ADHD symptoms relative to wait-list controls. Treatment
gains were maintained at 2 months and 12 months post-treatment.
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Cognitive treatments
Karatekin (2006)

Klingberg et al. (2005)

Klingberg & Forssberg (2002)

O’ Connell et al. (2006)

Rapport et al. (1996)

1Q: at least average

Diagnosis: DSM:IV

Sample size: n=25

Gender: 17 males, 8 females
Mean age: 14.25 years
Medication status: not medicated
Subtype: all Combined subtype
10 >80

Diagnosis: DSM-1V

Sample size: n=53

Gender: 44 boys, 9 girls

Mean age: 9.8 years

Medication status: not medicated
Subtype: 15 Inattentive and 38
Combined subtype

1Q: not indicated

Diagnosis: DSM-IV

Sample size: n=14

Gender: 11 boys, 3 girls

Mean age: 11.2 years
Medication status: 5 medicated
Subtype: not indicated

10 >70

Diagnosis: DSM-IV

Sample size: n=30

Gender: 27 boys, 3 girls

Mean age: 11.3 years

Medication status: not medicated
Subtype: 8 Combined, 4 Inattentive, and 3
Hyperactive/Impulsive subtype

10 >90

Diagnosis: DSM:IV

Sample size: n=2

Gender: dizygotic twin girls

Age: 6 years

Medication status: Tmpact of medication
evaluated as part of study

Subtype: both Combined subtype

Two groups

Task manipulations to strengthen the fixation system
on antisaccade performance for ADHD and control
groups

Two groups

Working memory training (40 min/day for at least
25 days) and a comparison training program (similar
format, but difficulty on low level)

Tivo groups

Working memory training (25 min/day for at least
25 days) and a comparison training program (similar
format, but difficulty on low level)

Two groups
Cognitive training during sustained attention task for
ADHD and control groups

Double-blind, placebo-controlled, within-subject
experimental design examining impact of four doses
of stimulant medication (5 mg, 10 mg, 15 mg, and
20 mg and inert placebo) and attentional training

Cognitive measures

(1) Antisaccade task. Adolescents with ADHD became more accurate and
displayed a decrease in saccadic reaction time with the task manipulations,
but not disproportionately compared to controls.

Cognitive measures:

(1) Nonverbal working memory: treatment group showed significant effect
on span task compared to control treatment. Treatment effect maintained at
3 month follow-up.

(2) Verbal working memory: treatment group showed significant effect on
Digit Span task compared to control treatment. Treatment effect maintained
at 3 month follow-up.

(3) Inhibition: treatment group showed significant effect on Stroop task compared
to control treatment. Treatment effect maintained at 3 month follow-up.

(4) Nonverbal ability: treatment group showed significant effect on Raven’s
matrices compared to control treatment. Treatment effect maintained at
3 month follow-up. *All differences remained significant even after subtype
was included as a covariate.

Behavioral measures:

(1) Parent ratings: On the Conners’ scales, parents reported a significant
decrease in ADHD symptoms post-treatment and at follow-up compared to
control treatment.

(2) Teacher ratings: No significant effects reported.

Cognitive measures:

(1) Nonverbal working memory: treatment group showed significant effect
on trained visuo-spatial working memory task and on span board task,
compared to control treatment.

(2) Inhibition: treatment group showed significant effect on Stroop task
compared to control treatment.

(3) Nonverbal ability: treatment group showed significant effect on Raven’s
matrices compared to control treatment.

(4) Choice reaction time: Weak inconsistent effects reported.

Cognitive measures:

(1) Si ined ion to 1 task. ADHD group showed significant
reductions in error probability during post-alert periods as compared to
pre-alert periods.

Cognitive measures:

(1) Continuous Performance Task: used as a measure of attentional difficulties.
Attention training improved performance, but less effective than higher dosage of
stimulant medication. Statistical significance not reported due to small sample size.
(2) Matching Unfamiliar Figures Test: used as a measure of cognitive
tempo. Attention training more effective than stimulant medication.
Statistical significance not reported due to small sample size.

Behavioral measures:

(1) Hillside Rating Scale: ratings of ADHD by two experimental observers.
General decrease in ratings across attention training and medication doses.
Statistical significance not reported due to small sample size.

(2) Child Behavior Checklist: ratings of internalizing and externalizing
behaviors by two experimental observers. Greater relative improvement in
behavior under attentional training than medication. Statistical significance
not reported due to small sample size.

(continued on next page)
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Table 1 (continued)

Source Sample Treatment description Description of results: cognitive and behavioral outcome measures
Cognitive treatments
White & Shah (2006) 10 >90 Two groups Cognitive measures:

Neurofeedback training
Beauregard & Levesque (2006)

Carmody et al. (2001)

Fuchs et al. (2003)

Diagnosis: DSM-IV
Sample size: n=34

Gender: 17 males,19 females (16 ADHD and 18 non-ADHD controls)

Age: 19.4 years
Medication status: not medicated
Subtype: all Combined subtype

10: >85

Diagnosis: DSM:IV

Sample size: n=20

Gender: 16 males, 4 females

Mean age: 10.2 years

Medication status: Neurofeedback group not medicated
Subtype: not indicated

1Q: not indicated

Diagnosis: DSM:IV

Sample size: n=16

Gender: 12 males, 4 females
Mean age: 9.4 years

Medication status: none medicated
Subtype: not reported

Note: Each group was composed of 8 children with ADHD

and 8 controls

10: >80

Diagnosis: DSM:IV

Sample size: n=22

Gender: 21 males, 1 female

Mean age: 9.8 years

Medication status: Neurofeedback group not medicated
Subtype: not reported

Attention-switch training treatment and non-training
control group

Two groups
Neurofeedback (60 min/session, 40 sessions 3%/
week, 13.5 weeks) and stimulant medication groups

Two groups:
Neurofeedback (30 min, 3—4 sessions/week, for
35-47 sessions) and wait-list control group

Two groups:
Neurofeedback (30-60 min, 3 sessions/week for
12 weeks) and stimulant medication (MPH)

Used two transfer tasks:

(1) Consonant—Vowel/Odd-Even: in this task, participants alternate between
reporting whether a consonant/vowel or even/odd number appears in a
letter—number string. Training reported to have significant improvement on
task performance for both ADHD and non-ADHD participants, but no
significant group differences reported between ADHD groups in treatment
and control groups.

(2) Local-Global Task: in this task, inhibitory control of conflicting information is
required. Training reported to have significant improvement on task performance
for both ADHD and non-ADHD participants, but no significant group differences
reported between ADHD groups in treatment and control groups.

Cognitive measures:

(1) Digit Span: Neurofeedback group had significantly higher scores than
medication control group.

(2) Continuous Performance Test (Integrated Visual and Auditory):
Neurofeedback group had significantly higher scores than medication
control group.

(3) Counting Stroop Task: Neurofeedback group had significantly higher
accuracy on interference trials than medication control group.

Behavioral measures:

(1) Conners Parent Rating Forms: Neurofeedback group had significantly
lower behavior rating scores than medication control group, on both
inattention and hyperactivity subscales.

Cognitive measures:

(1) Continuous Performance Test (Test of Variables of Attention): Children
with ADHD in treatment group had significant decrease in commission errors.
Behavioral measures:

(1) McCarney Scale for ADHD Symptoms: Significant decrease in inattentive
ratings in experimental group (which included ADHD and control children).

Cognitive measures:

(1) Continuous Performance Test (Test of Variables of Attention): Significant
pre—post improvements on Impulsivity scale and Inattention scale for both
groups. Significant decrease in response time variability for both groups but
effect was more pronounced for MPH group. No significant group differences.
(2) Attention Endurance Test: Significant main effects found for both groups
on pre—post speed, accuracy, and total score. No significant group differences.
(3) Intellectual Ability: Significant improvement in WISC:R Performance
1Q score pre—post for both groups. No significant group differences.
Behavioral measures:

(1) IOWA Conner's Behavior Rating Scale: Both treatments resulted in improved
parent and teacher pre—post ratings, but no significant group differences.
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Neurofeedback training
Cho et al. (2004)

Heinrich, Gevensleben, Freisleder et al.
(2004)

Heywood & Beale (2003)

Jonsdottir et al. (2004)

Levesque et al. (2006)

1Q: not indicated

Diagnosis: none, but referred for
difficulties with inattention,
hyperactivity, and impulsivity
Sample size: n=28

Gender: All males

Mean age: range 1418 years
Medication status: not indicated
Subtype: not reported

10: >80

Diagnosis: DSM:IV

Sample size: n=22

Gender: 21 males, 1 female

Mean age: 10.8 years

Medication status: n=10 received stimulant medication
Subtype: 16 Combined, 6 Inattentive
10: >80

Diagnosis: DSM:III:R

Sample size: n=17

Gender: all males

Mean age: 7:12 years

Medication status: n=2 received stimulant medication
Subtype: not reported

1Q: normal intelligence

Diagnosis: DSM:IV

Sample size: n=22

Gender: 21 males, 1 female

Mean age: 10.59 years

Medication status: not medicated during treatment
Subtype: all Combined subtype

10:>85

Diagnosis: DSM:IV

Sample size: n=20

Gender: 16 males, 4 females
Mean age: 10.2 years

Medication status: none medicated
Subtype: not reported

Three groups

Neurofeedback only (length and sessions not
indicated), neurofeedback with virtual reality, and no
treatment control group

Tiwo groups
Neurofeedback (50 min daily for 3 weeks) and
wait-list control

One group with within-subject manipulation
Neurofeedback with contingency training and
neurofeedback without contingency training. Length
of treatment not indicated.

1 group
Transcutaneous electrical nerve stimulation (TENS;
30 min 2x/day for 6 weeks)

Tiwo groups

Neurofeedback (60 min each session, 3x/week for
13.5 weeks or 40 sessions) group and no
treatment control

Cognitive measures:

(1) Continuous Performance Test: neurofeedback only and neurofeedback +
virtual reality groups displayed significantly higher number of hits and few
omission errors than the control group, but no significant group differences
on commission errors.

Cognitive measures:

(1) Continuous Performance Test: neurofeedback group had significantly
less impulsive errors than control group.

Behavioral measures:

(1) German ADHD rating scale: Parents reported significantly less
symptoms post-treatment in neurofeedback group, but not in control group.

Cognitive measures:

(1) Given small sample size, reported general trend toward improvement in
all participants on two continuous performance tests, a paired associate
learning task, and an oral fluency task, but no significant differences reported.
Behavioral measures:

(1) Child Behavior Checklist. Given small sample size, parent and teacher
CBCL Attention scores decreased from pre: to post-test, but no significant
differences reported.

Cognitive measures:

(1) Intellectual ability: Freedom From Distractibility Index Score and Coding
subtest showed significant pre—post improvement after treatment, but both
effects disappeared after participants were treatment-free for 6 weeks.

(2) Bourdon-Vos (measure of sustained visual attention and visuomotor
speed). Significantly better performance pre—post, with some maintenance
of effects after 6-week treatment-free period.

(3) Stroop Task. Significant pre—post decrease in interference score, and
maintained after 6 weeks.

Behavioral measures:

(1) Conners Parent and Teacher Ratings. Parents reported significant
pre—post decrease on all subscales, which were maintained after 6-week
treatment-free period. Teachers reported significant pre—post decrease on
total score, which was maintained after the 6-week treatment-free period;
significant differences were only obtained on some subscales.

Cognitive measures:

(1) Digit Span subtest: significant improvement on scores in neurofeedback
group, but not control group. Group differences post-treatment not reported.
(2) Continuous Performance Test: significant improvement on scores in
neurofeedback group, but not control group. Group differences
post-treatment not reported.

Behavioral measures:

(1) Child Behavior Checklist — Parent Report: significant decrease in
scores on Inattention and Hyperactivity scales in neurofeedback group, but
not control group. Group differences post-treatment not reported.

(continued on next page)
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Table 1 (continued)

Source

Sample

Treatment description

Description of results: cognitive and behavioral outcome measures

Neurofeedback training
Linden et al. (1996)

Lubar et al. (1995)

Monastra et al. (2002)

1Q: mean score in average range
Diagnosis: DSM:IILR

Sample size: n=18

Gender: gender not indicated
Mean age: 5:15 years

Medication status: none medicated
Subtype: not reported

1Q: not indicated
Diagnosis: DSM:IIL:R

Sample size: Study 1: n=18 (3 females, 15 males); Study 2: n=13 (2
females, 11 males); Study 3: n=10 (1 female, 9 males)

Mean age: 8—19 years

Medication status: not medicated during pre- and post-testing, but

medication status during treatment not indicated
Subtype: not reported

10 >80

Diagnosis: DSM:IV

Sample size: n=100

Gender: 83 males, 17 females
Mean age: 10 years

Medication status: all medicated
Subtype: 24 Inattentive and 76
Combined subtype

Two groups
Neurofeedback (45 min, biweekly for 6 months)
and wait-list control

1 group
Neurofeedback (daily 1 h training session for
810 weeks)

Two groups

CCC Program (medication management, parent
counselling, and school consultation) and
Neurofeedback (30—40 min for about 43 sessions)
with CCC

Cognitive measures:

(1) Kaufinan-Brief Intelligence Test: significant increase in IQ scores for
neurofeedback group. No significant group differences reported.
Behavioral measures:

(1) IOWA Conners Behavior rating scale and Swanson, Nolan, and Pelham
(SNAP) questionnaire: parents reported significant decrease in inattention,
marginally significant decrease in overactivity/inattention, and no
significant effect on aggressive/defiant behaviors in neurofeedback
treatment group, but no significant group differences reported.

Cognitive measures:

(1) Continuous Performance Test: (Test of Variables of Attention).
Irrespective of EEG changes, some significant improvement on continuous
test performance from pre- to post-testing.

(2) Intellectual ability (WISC-R): Significant pre- to post-testing
improvement on verbal, performance, and full-scale intelligence scores.
Behavioral measures:

(1) McCarney Attention Deficit Disorders Evaluation Scale (ADDES):
parent ratings indicated significant pre- to post-testing behavioral
improvement on hyperactivity, impulsivity, and inattention subscales.
Cognitive measures:

(1) Continuous Performance Test (Test of Variables of Attention): both
groups displayed improvement post-treatment, but there was no significant
difference between groups. After the one-week medication “washout”, the
neurofeedback group maintained effects, whereas the CCC-only group
returned to baseline performance.

Behavioral measures:

(1) Attention Deficit Disorders Evaluation Scale (ADDES) Home and
School Versions: parents and teachers rated neurofeedback group as
significantly more attentive and less hyperactive/impulsive than CCC-only
group post-treatment. These effects were sustained after a one-week
medication “washout”. Significant interaction obtained with parenting style.
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Neurofeedback training
Rossiter & La Vaque (1995)

Strehl, Leins, Goth, Klinger, Hinterberger,
& Birbaumer (2006)

Thompson & Thompson (1998)

1Q: Approximate mean=102 (SD=9)

Diagnosis: DSM-III-R

Sample size: n=46

Gender: 37 males, 9 females

Mean age: approximately 12 years

Medication status: 5/23 in neurofeedback group continued stimulant
medication during treatment

Subtype: not reported

10: >80

Diagnosis: DSM-IV

Sample size: n=23

Gender: 19 males, 4 females

Mean age: 9.3 years

Medication status: 5 children medicated, but medication status was

Two groups

over 3—5 weeks) and stimulant medication groups

One group
Neurofeedback (1 h, five times per week,
30 sessions)

factored into the analyses.
Subtype: 5 Inattentive subtype, 18 ADHD

1Q: not obtained
Diagnosis: DSM-IV

Sample size: n=111

One group
Neurofeedback plus coaching in metacognitive
strategies (50 min each session, 40 sessions)

Gender: approximately 3:1 males to females

Mean age: not reported [98 children (5:16 years) and 13 adults (17:63 years)]
Medication status: 6 children continued medication during treatment, but no
medication during testing

Subtype: not reported

Neurofeedback (45—50 min/session, for 20 sessions

Cognitive measures:

(1) Continuous Performance Test (Test of Variables of Attention):
Significant pre—post test differences for neurofeedback group. Two groups
did not differ significantly post-treatment.

Cognitive measures:

(1) Intellectual Ability. Significant pre—post improvement on performance
1Q score, but not verbal or full-scale 1Q scores.

Behavioral measures:

(1) Eyberg Child Behavior Inventory: Parent Report.

Significant pre—post reduction of problems.

(2) DSM-1V Questionnaire: Parent Report. Marginally significant pre—post
reduction in inattention.

(3) Conners' Rating Scale: German Translation; Parent Report. Significant
pre—post improvement in symptoms.

(4) DSM-1V Questionnaire: Teacher Report. Significant pre—post
improvement in inattention, hyperactivity, impulsivity, and social behavior.
Cognitive measures:

(1) Continuous Performance Test: (Test of Variables of Attention).
Significant pre—post decrease in variability of reaction time. Children
displayed significant improvement in attention and impulsivity pre—post,
and adults displayed significant improvement in attention pre—post.

(2) WRAT-3 Achievement Scores: children displayed significant
improvements on word recognition, spelling, and arithmetic pre—post.
Adults displayed significant improvements on arithmetic pre—post.

(3) Intellectual ability: (Wechsler Intelligence Scales): significant pre—post
improvement in subtest and full-scale scores (complete scores available for
55 participants, and partial scores available for 68 participants).
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Table 2
Effect size calculations for cognitive outcome measures
Source Study description Cognitive outcome measures Effect size
(Glass’s A)
Cognitive-behavioral training
Fehlings et al. (1991)  Cognitive-behavioral treatment and Supportive therapy (1) Matching Familiar Figures Test
control group — Reaction time 0.15
Random assignment — Errors 0.67
Hall & Kataria (1992) Behavior modification (BMT), cognitive training (CT) or (1) Continuous Performance Test: Gordon
control group; medication effect compared in each treatment Diagnostic System — efficiency ratio (ER)
Random assignment — CT+medication versus CI only 1.01
— CT+medication versus medication only 1.74
Semrud-Clikeman et al. ADHD treatment and ADHD no treatment comparisons (1) Sustained visual attention 0.90
(1999) No random assignment (2) Sustained auditory attention 1.13
Cognitive treatments
Klingberg et al. (2005) Working memory training and a comparison training program (1) Nonverbal working memory 1.16
Random assignment (2) Verbal working memory 0.48
(3) Inhibition — Stroop task
— accuracy 0.67
— time post 0.46
(4) Nonverbal ability 1.10
Klingberg & Forssberg Working memory training and a comparison training program (1) Nonverbal working memory
(2002) Method of assignment to groups not indicated — Trained visual—spatial working memory 2.08
— Span board task 1.32
(2) Inhibition — Stroop task 0.44
— Accuracy 0.08
— Time for completion 1.07
(3) Nonverbal ability
(4) Choice reaction time 0.41
— Reaction time latency 0.13
— Two—one choice latency 0.33
— Reaction time standard deviation
White & Shah (2006)  Attention-switch training treatment and non-training control Used two transfer tasks:
group (included both ADHD and non-ADHD participants) (1) Consonant—Vowel/Odd—Even 0.87
Random assignment (2) Local-Global Task 0.60
Neurofeedback training
Beauregard & Neurofeedback compared to medication treatment (1) Digit Span 0.82
Levesque (2006) Participants randomly assigned (2) Continuous Performance Test 0.20
(3) Counting Stroop Task — 0.46
Interference trial
Fuchs et al. (2003) Neurofeedback compared to medication treatment (1) Continuous Performance Test
No random assignment — Speed 0.16
— Accuracy 0.07
— Total score 0.33
— Variability 0.09
(2) Intellectual Ability — WISC-R
— Full scale score 0.20
— Performance score 0.09
— Verbal score 0.26
Cho et al. (2004) Neurofeedback (Non-VR) compared to neurofeedback with (1) Continuous Performance Test
virtual reality (VR) and no treatment control group (Control). — Number of hits
No ADHD diagnosis, but participants referred for inattention — VR vs. Control/Non-VR vs. Control 1.52/0.87
and impulsivity (participants all committed crimes). — Reaction time T-score
Random assignment. — VR vs. Control/Non-VR vs. Control 0.37/0.07
— Perceptual sensitivity T-score
— VR vs. Control/Non-VR vs. Control 0.81/0.07
— Omission errors
— VR vs. Control/Non-VR vs. Control 1.50/0.87
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Table 2 (continued)

Source Study description Cognitive outcome measures Effect size
(Glass’s A)
Neurofeedback training Impulsivity
Cho et al. (2004) — Commission error
— VR vs. Control/Non-VR vs. Control 0.23/0.11
— Response bias T-score
— VR vs. Control/Non-VR vs. Control: 0.50/0.35
Heinrich, Gevensleben, Neurofeedback and wait-list control (1) Continuous Performance Test
Freisleder et al. Random assignment — Hits 0.19
(2004) — Commission errors 0.67
— Impulsivity errors 1.03
Levesque et al. (2006) Neurofeedback and wait-list control (1) Digit Span subtest 0.82
Random assignment (2) Continuous Performance Test — mean 0.20
performance
Monastra et al. (2002) CCC Program (medication management, parent counseling, (1) Continuous Performance Test — Test of
and school consultation) and neurofeedback with CCC Variables of Attention (TOVA)
No random assignment — Inattention 0.13
— Impulsivity 0.38
— Response time 0.17
— Variability 0.11
Rossiter & La Vaque Neurofeedback and medication groups (1) Continuous Performance Test — Test of
(1995) No random assignment Variables of Attention (TOVA)
— Omission 0.02
— Commission 0.09
— Response time 0.20
— Variability 0.31

size was obtained on the MFFT reaction time, which was maintained 5 months post-treatment, and a medium effect size
was obtained on MFFT errors, but this effect was not maintained 5 months post-treatment. Hall and Kataria (1992)
demonstrated that cognitive training combined with medication versus cognitive training alone or medication alone
yielded large effect sizes on a measure of sustained attention. Semrud-Clikeman et al. (1999) obtained large effect sizes
between the ADHD treatment and control groups on measures of sustained visual and auditory attention.

Four of the six studies used behavioral rating outcome measures, with two studies reporting significant group
differences. Effect sizes on the behavioral measures also ranged from small to large, as shown in Table 3. Barkley et al.
(2001) demonstrated that their problem-solving communication training intervention yielded medium effect sizes on
mother and father ratings of ADHD behavior relative to the combined problem-solving and behavior modification
intervention, and small effect sizes on ODD behavior. Fehlings et al. (1991) showed a medium effect size on activity
level and attention using CBT as compared to a supportive therapy control group. Stevenson et al. (2002) found that
adults self-reported significant improvement of ADHD symptoms in a cognitive remediation program relative to wait-
list controls, resulting in a large effect size.

While the effect sizes in Tables 2 and 3 demonstrate medium to large effect sizes on both cognitive and behavioral
outcome measures, there seems to be no differential impact of these treatments on cognition or behavior. To understand
these findings, however, a number of issues must be taken into account. Most of these studies included some or all
participants using stimulant medication during treatment, and failed to take this into account in their analyses. These
studies had either child or adult samples, with considerable variation in treatment strategies. For these reasons, it is
difficult to evaluate the overall efficacy of CBT treatments.

4.2. Cognitive-based interventions

A set of six studies using cognitive training approaches were identified. Four of these studies used fixation or
attentional training (Karatekin, 2006; O’ Connell, Bellgrove, Dockree, & Robertson, 2006; Rapport et al., 1996) and
two of these studies involved training working memory (Klingberg, & Forssberg, 2002; Klingberg et al., 2005). These
methods are separable from CBT, as they involve training programs involving repeated exposure to cognitive stimuli.
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Table 3
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Effect size calculations for behavioral outcome measures

Source Study description Behavioral outcome measures Effect size
(Glass’s A)
Cognitive-behavioral training
Barkley et al. (2001) Problem-solving communication training (PSCT) and PSCT (1) ADHD behavior
with behavior modification training (BMT) — mother rating 0.47
Quasi-random assignment — based on treatment condition ~ — father rating 0.64
open at the time family was enrolled (2) ODD behavior
— mother rating 0.38
— father rating 0.25
Fehlings et al. (1991) Cognitive-behavioral treatment group and Supportive (1) Parent behavior ratings
therapy control group — Activity scale 0.57
Random assignment — Attention scale 0.46
(2) Teacher behavior ratings
— Attention scale 0.86
Stevenson et al. (2002)  Cognitive remediation program and wait-list controls (1) ADHD symptoms. Self-report 2.18
Random assignment
Cognitive treatments
Klingberg et al. (2005)  Working memory training and a comparison training program (1) Parent ratings
Random assignment — Inattention 0.35
— Hyperactivity/impulsivity 0.39
(2) Teacher ratings
— Inattention 0.27
— Hyperactivity/impulsivity 0.55
Neurofeedback training
Beauregard & Levesque Neurofeedback compared to medication treatment (1) Conners Parent Rating Forms
(2000) Participants randomly assigned — Inattention subscale 1.02
— Hyperactivity subscale 1.02
Heinrich, Gevensleben, Neurofeedback and wait-list control (1) German ADHD rating scale Parent 0.76
Freisleder, Moll et al. Random assignment report
(2004)
Levesque et al. (2006)  Neurofeedback and wait-list control (1) CBCL Parent Report
Random assignment — Inattention 1.02
— Hyperactivity scale 1.02
Monastra et al. (2002)  CCC Program (medication management, parent counseling, and (1) Attention Deficit Disorders Evaluation
school consultation) and neurofeedback with CCC Scale (ADDES) Home and School Versions
No random assignment — Inattention — parent rating 4.17
— Hyperactivity — parent rating 0.82
— Inattention — teacher rating 5.35
— Hyperactivity — teacher rating 1.07

Similar to the approach for reviewing the CBT studies, as there were also only six studies in this category, we review
the methods and results of each of these studies.

Relative to the CBT intervention studies, most of these studies had participants medication-free during treatment and
used random assignment procedures. Although based on a small set of studies, the impact of these cognitive training
programs on measures of cognitive outcome is evident. Significant results have been reported with the use of attentional
training. Karatekin (2006) examined the impact of experimental manipulations on an antisaccade task, with the rationale
that the fixation system in individuals with ADHD is weak and that such manipulations would strengthen the fixation
system. Manipulations included temporally overlapping the fixation cross with the target and requiring participants to
attend to a visual stimulus at the center of the screen prior to the antisaccade target. Use of these experimental
manipulations demonstrated improved performance in the ADHD group, but not statistically significant relative to the
control group. Similar to Karatekin (2006), O’ Connell et al. (2006) utilized an experimental manipulation during the task
administration. Specifically, during a sustained attention task, participants were given the instruction that they would
occasionally hear beeps coming from the speakers, and that they should use this as a cue to help them concentrate. The
rationale for this approach was that participants may be more likely to attend to the task. A group of children with ADHD
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and non-clinical controls were compared. No significant differences were obtained on the reaction time measure. Children
with ADHD made significantly more commission errors during pre-alert targets than controls, but there were no significant
differences between groups on post-alert targets, suggesting that the manipulation to increase attention was effective for
children with ADHD. White and Shah (2006) utilized a similar attentional training approach, administering treatment as a
task manipulation during treatment in two separate sessions. They obtained significant pre—post differences in participants
with ADHD, but no significant differences between the training and non-training conditions. Importantly, participants
were not taking medication during testing in the Karatekin (2006), O’ Connell et al. (2006), and White and Shah (2006)
studies. Effect sizes for the Karatekin (2006) and O’ Connell et al. (2006) studies were not calculated, as their control
groups included non-clinical participants. However, effect sizes were calculated for the comparison between the training
and non-training conditions only for participants in the ADHD group in the White and Shah (2006) study, attaining
medium to large effect sizes on their two transfer tasks.

Rapport et al. (1996) included two participants in a single-subject, placebo-controlled, reversal design. This study
directly compared the effectiveness of methylphenidate and attentional training treatments. Both methylphenidate and
attentional training resulted in improved performance on a measure of sustained attention (CPT) and a measure of
reflectivity (Matching Unfamiliar Figures Test). Attentional training was relatively less effective for sustained attention
than the stimulant medication treatment, but superior to the medication treatment on the measure of reflectivity. Again,
effect sizes were not calculated, as it was a within-subject design.

Two studies have reported use of the same working memory training program for children diagnosed with ADHD
compared to an alternative training program with a similar format without the same incremental change in level of
difficulty. The first study by Klingberg and Forssberg (2002) used a small sample size, included some children who
were taking stimulant medication, and did not report the subtype of the children. Klingberg and Forssberg (2002)
reported a significant group difference for the working memory training program on measures of nonverbal working
memory, inhibition, and nonverbal ability. Effect sizes on the cognitive measures ranged from small to large effect
sizes, with the largest effect obtained on the span board task, a measure of visual—spatial memory. In Klingberg et al.’s
(2005) study, they included a larger sample size, included children not taking stimulant medication, examined subtype,
and examined performance after a 3 month follow-up. Similar to their previous study, significant group differences
were obtained on measures of verbal and nonverbal working memory, inhibition, and nonverbal ability. These effects
were maintained at the 3 month follow-up, and all effects remained significant even after subtype was included as a
covariate. Effect sizes ranged from small to large, with the largest effect sizes on the nonverbal working memory task
and nonverbal ability. These effect sizes were mostly maintained at the 3 month follow-up.

The impact of cognitive training programs on behavioral ratings has received less attention. Of these studies, only
Klingberg et al. (2005) obtained a significant decrease in parent ratings of ADHD symptoms after treatment compared
to controls. Effect sizes ranged from small to medium, and they were maintained after the 3 month follow-up. Rapport
et al. (1996) did not report examine statistical significance between groups due to a small sample size, but a general
trend of a decrease in symptoms was reported.

Notably, four of these studies examined performance with children who were not medicated, and reports of significant
treatment effects suggest the impact of cognitive training approaches. Although Rapport et al. (1996) reported on a small
sample size, their examination of the impact of dosage is also useful, as their results suggest that stimulant medication may
better impact some cognitive outcome variables than cognitive training alone, and vice-versa. This illustrates the
importance of systematically controlling for or examining the positive impact of stimulant medication with these therapies.
These studies have given less attention to behavioral ratings, except the Klingberg et al. (2005) study. Importantly, the
attentional training studies examined the impact of task manipulations during testing as training, highlighting the
importance of considering the clinical and behavioral impact and transfer of these experimental manipulations to everyday
situations. That these interventions may be effective in these highly controlled, experimental settings may be promising,
but more work will be needed to evaluate the broader efficacy of such approaches. The working memory training examined
by Klingberg et al. (2005) found that effects were maintained after a 3 month follow-up.

4.3. Neural-based interventions
Neurofeedback, which has also been called electroencephalogram (EEG) biofeedback, is reportedly used by more than

1500 practitioners (Butnik, 2005). The theoretical basis of neurofeedback is based on a biological model of ADHD, which
is consistent with theories that describe ADHD as a disorder of neural regulation and underarousal, and it is assumed under
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this approach that these neural deficiencies are amenable to change using behavioral methods (Butnik, 2005). It has been
argued that the effectiveness of neurofeedback may be attributable to operant conditioning of bioelectrical neuroregulation;
that is, participants receive positive feedback when neurons communicate or fire more rapidly. Participants with ADHD
reportedly produce more slow wave activity, and inadequate fast wave activity relative to non-ADHD controls. Those who
use neurofeedback argue that they can identify “signatures” of psychiatric conditions based on these brain wave patterns
(Butnik, 2005), with rates of sensitivity and specificity at 86% and 98% (Monastra et al., 1999). Therefore, the goal of
neurofeedback is to train the individual to normalize abnormal neural frequencies by increasing awareness of a normalized
EEG pattern. The actual procedure of neurofeedback involves recording neural activity while the individual participates in
a computer program that resembles a video game format. Specifically, neurofeedback training sessions involve coaching
by clinicians to assist clients with maintaining effort and focus through the use of metacognitive strategies (Butnik, 2005).
When clients obtain a neural state characterized by reduced slow wave activity and increased fast wave activity, the
individual is rewarded with positive feedback. As the individual increases the amount of target neural activity, they
reportedly learn to regulate their mental activity, resulting in reduced symptoms (Butnik, 2005). Biofeedback methods
have even reportedly been effective for enhancing attentional processing in healthy college students (Rasey, Lubar,
McIntyre, Zoffuto, & Abbott, 1996). For sustained long-term change, neurofeedback may require up to 60 sessions or
6 months of treatment, but successful long-term change has been reported to be found in as few as 20 sessions in 30% of
ADHD cases (Fox, Tharp, & Fox, 2005).

We identified 14 studies that have used neurofeedback approaches for treating ADHD. One study that was included was
a neural-based method, but was not neurofeedback (Jonsdottir, Bouma, Sergeant, & Scherder, 2004). Despite a lot of
commonality in methods, there is a lot of heterogeneity in these studies. All of these studies differ in terms of length of
treatment (ranging from 3 weeks to 6 months), developmental level (with some studies including both children and adults),
proportion of participants that used stimulant medication, and utilized additional treatment components as part of their
neurofeedback treatment.

When neurofeedback treatment was compared to wait-list controls, significant group differences or pre—post
differences were reported on cognitive outcome measures (Carmody, Radvanski, Wadhwani, Sabo, & Vergara, 2001;
Cho et al., 2004; Heinrich, Gevensleben, Freisleder, Moll, & Rothenberger, 2004; Levesque, Beauregard, & Mensour,
2006; Linden, Habib, & Radojevic, 1996), including continuous performance tests, auditory working memory (Digit
Span test), and intellectual ability. In single-group, within-subject studies, significant pre—post-treatment effects were
reported on continuous performance task performance, intellectual ability, and academic achievement (Lubar,
Swartwood, Swartwood, & O’Donnell, 1995; Thompson & Thompson, 1998).

Significant impact on behavioral ratings has also been reported when neurofeedback was compared with wait-list
controls. Carmody et al. (2001) obtained a significant decrease in inattentive symptoms in the treatment group, and others
have reported a significant decrease in ADHD symptoms (Heinrich et al., 2004), a significant decrease in both inattentive
and hyperactive symptoms (Levesque et al., 2006), or a significant decrease in inattentive and a marginal decrease in
overactivity and inattention (Linden et al., 1996). In single-group, within-subject studies, significant pre—post-treatment
effects were reported on parent reported hyperactivity, impulsivity, and inattention subscales (Lubar et al., 1995).

Similar to the CBT studies, medication status is not treated consistently or systematically in studies examining
neurofeedback treatment. Some studies compared neurofeedback to medication (Beauregard & Levesque, 2006; Fuchs
et al., 2003; Rossiter & La Vaque, 1995), and one study statistically examined the impact of medicated participants on
performance, and ruled out the impact of medication (Strehl, Leins, Goth, Klinger, Hinterberger, & Birbaumer, 2006).
When neurofeedback has been compared to groups receiving stimulant medication, results have been mixed. Beauregard
and Levesque (2006) reported that their neurofeedback group had significantly better performance on auditory working
memory (Digit Span task), continuous performance, and Stroop interference than the group receiving stimulant
medication. Further, they reported that parents of children in the neurofeedback group reported a significant change in
inattention and hyperactivity impulsivity subscales compared to the group receiving stimulant medication. Alternatively,
Fuchs et al. (2003) and Rossiter and La Vaque (1995) did not report significant differences between their neurofeedback
and medication groups, but did report significant pre—post improvements in their neurofeedback groups on both cognitive
and behavioral measures. Strehl et al. (2006) found significant pre—post improvement on performance IQ and parent and
teacher reported ADHD behaviors, which were not attributable to the medication status of the participants.

In addition to comparing neurofeedback with a wait-list control or stimulant medication group, two other studies
have compared neurofeedback to an alternative treatment. For example, Cho et al. (2004) also compared a
neurofeedback treatment with a combined neurofeedback and virtual reality treatment, and found that these two groups
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did not differ significantly from one another on continuous test performance. However, when effect sizes were
calculated, comparing both of these treatments to their control group, effect sizes were considerably different between
these groups in favor of the combined virtual reality and neurofeedback group (see Table 2). In their single-case
research design with seven boys diagnosed with ADHD, Heywood and Beale (2003) compared neurofeedback with
contingency training and neurofeedback without contingency training. They reported a general trend toward
improvement on two continuous performance tests, a paired associate learning task, and an oral fluency task, and a
general decrease in attention scores by parents and teachers from pre- to post-treatment.

Finally, Monastra et al. (2002) compared a neurofeedback treatment with what they called a CCC program
(composed of medication management, parent counseling, and school consultation). Notably all of their participants
were medicated during treatment. They found both groups improved on continuous performance test performance at
the end of treatment, but only the neurofeedback group maintained these effects after a one-week medication washout
period. Both parents and teachers rated children in the neurofeedback group as significantly more attentive and less
hyperactive/impulsive than the CCC group, and these effects were maintained after the one-week medication washout
period. They also obtained a significant interaction with parenting style, as children in the neurofeedback group whose
parents used consistent reinforcement strategies showed a significant reduction in symptoms on parent ratings
compared to inconsistent parenting strategies. It is impossible to know what impact medication had on these effects, but
systematic investigation of effects attributable to medication is needed.

Jonsdottir et al. (2004) used transcutaneous electrical nerve stimulation (TENS) on a group of children with ADHD,
but no control group was included. This treatment involves using an electrostimulator, where rubber electrodes are
fixed to the participants’ back on either side of the spinal column. Some efficacy of this approach has reportedly been
demonstrated on memory and verbal fluency in patients with probably Alzheimer’s disease. Different explanations
have been proposed for the reason why TENS may be effective, including the idea that TENS activates the
hippocampus, the hypothalamus, and the hypothalamic suprachiasmatic nucleus, which have been implicated in
memory, affective behavior, and rest—activity rhythm. An alternative explanation reported is that TENS stimulates the
ascending reticular activating system (ARAS) in the brain stem, which has cascading effects on the prefrontal cortex.
Jonsdottir et al. (2004) reported significant pre—post differences on both cognitive and behavioral measures. On a
measure of intelligence, significant improvement was obtained on the Freedom from Distractibility and Coding indices
post-treatment, but this effect was not maintained after 6 weeks. On measures of sustained attention and inhibition
(Stroop), significant pre—post differences were obtained with partial or full maintenance after 6 weeks.

In terms of effect size calculations, the continuous performance test has been most frequently used in studies with
neurofeedback treatment. Effect size calculations (see Table 2) using the continuous performance test range from
almost zero (0.02) to large (0.87). Clearly there is a lot of variability reported with respect to the impact of
neurofeedback on this task, which does not seem to be explained by the type of target comparison group, which was
either wait-list controls or medication. Relatively small effect sizes seem to be obtained on tests of intellectual ability,
ranging from 0.09 to 0.26. A medium effect size was reported on the Stroop task (0.46) and a large effect size on verbal
working memory (0.82). On behavioral ratings (see Table 3), effect sizes were consistently large, ranging from 0.76 to
5.35. Both parents and teachers seemed to demonstrate similar effect sizes on their reports, but larger effect sizes
seemed to emerge on parent and teacher ratings of inattention (1.02 to 5.35) than on ratings of hyperactivity and
impulsivity (0.82 to 1.07).

Neurofeedback has had mixed reviews. It has been described as a relatively unresearched treatment, and the research
that has been conducted has reportedly been inconsistent and problematic, due to methodological problems such as
confounded treatments, inconsistent use of dependent measures, and a lack of clinically meaningful dependent
measures (Kline, Brann, & Loney, 2002; Waschbusch & Hill, 2003). Others have argued that more recent studies have
overcome the methodological shortcomings of the previously published literature, demonstrating clinical efficacy of
this approach (Heinrich, Gevensleben, & Strehl, 2007). While a number of the studies considered in this review did
have methodological problems, such as a lack of random assignment, some of these studies also displayed these more
rigorous methods. It will be important to continue these more rigorous methods in order to evaluate the utility of this
mode of treatment. There also remain questions about the relative efficacy of neurofeedback in relation to medication,
as findings thus far have been mixed, but some studies have demonstrated that neurofeedback is as or more effective
than medication. In addition, it will be important for studies to exclude participants who are taking medication or
statistically control for the use of medication during treatment. Consideration should also be given to alternative control
groups, other than wait-list controls, as alternative explanations on the changes in behavioral ratings must be ruled out.
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That is, a parent may rate their child’s behavior differently just from the mere investment of attending 60 sessions of
neurofeedback, in comparison to a parent who is in the wait-list control group. An additional barrier to properly
evaluating these treatments is access to these empirical papers, as they tend to be published in less accessible
biofeedback and neurofeedback journals, at least at academic institutions.

Despite these limitations, neurofeedback may be worthy of further consideration as a viable treatment approach for
ADHD. From a conceptual standpoint, while many may have focused on evaluating the neural component of this
treatment, there is likely also an important cognitive-behavioral component to this treatment as well. While the goal of
neurofeedback is to train the individual to normalize abnormal neural frequencies, the participant is given strategy
training and feedback about their neural frequencies during performance on a computer task. There is good reason to
continue rigorous experimental investigations using neurofeedback, as the evidence is demonstrating some
amelioration of performance on both cognitive and behavioral outcome measures.

5. Summary

In this review, the empirical evidence for cognitive-behavioral, cognitive, and neural-based interventions was
examined. While all of these studies reported significant effects, there are some important limitations and possible
alternative explanations that require further empirical study. Consistent across the CBT and neural-based studies,
controlling for medication status will be important, to determine whether effects are attributable to medication or an
interaction between the target treatment and medication. In the cognitive training studies, particularly with attentional
training paradigms, skill transfer, maintenance of effects, and clinical efficacy will need to be demonstrated. Neural-
based and CBT studies will also need to control for expectancy effects when treatment is compared to a wait-list control
group. This becomes very important when outcome measures include behavioral ratings completed by parents or self-
report, who were aware of the treatment regime. Parents may have expectancies of performance given their knowledge
of the treatment. This may also be addressed by asking teachers, who may be unaware that treatment is occurring, to
complete behavioral ratings. All potential confounds to treatment must be taken into account. All of these studies were
characterized by small sample sizes and little consideration given to the impact on subtype or on inattentive and
hyperactive/impulsive symptoms.

Ideally, we should aspire to the Task Force on Psychological Intervention Guidelines (American Psychological
Association, 1995) if cognitive-behavioral, cognitive, and neural-based interventions will be considered well-
established or probably efficacious. An important criteria is good experimental design, some of which has already been
discussed, including random assignment to groups to demonstrate that the target treatment is not attributable to
variables like attention or expectation of change, adequate statistical power with at least 30 children in each group, and
evidence of replicability for generalizability (Lonigan, Elbert, & Johnson, 1998).

A review article has applied efficacy guidelines that were jointly established by the Association for Applied
Psychophysiology and Biofeedback (AAPB) and the International Society for Neuronal Regulation (ISNR; Monastra
et al., 2005). Monastra et al. (2005) argued that EEG biofeedback was likely a “probably efficacious” method for the
treatment of ADHD. These criteria include “treatment approaches that have been evaluated and shown to produce
beneficial effects in multiple observational studies, clinical studies, wait-list control studies, and within-subject and
between-subject replication studies” (p. 107). However, biofeedback treatments were not considered to be “efficacious”
because of small sample size and the absence of controlling for patient and therapist characteristics that could influence
outcome. Monastra et al. (2005) also concluded that additional randomized and controlled group studies are needed in
order to evaluate the efficacy of the use of neurofeedback for ADHD.

5.1. Conceptual and theoretical considerations in designing and evaluating cognitive-behavioral, cognitive, and
neural-based treatments for the treatment of ADHD

In addition to the methodological considerations noted, the other following conceptual and theoretical
considerations should also be taken into account:

5.1.1. Mapping rationale and goals of treatment
As described at the outset of this paper, a working model of the important deficits associated with ADHD must
necessarily impact what treatments will be examined for study. That is, what is the goal of treatment and how does it
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relate to a working model of the problems associated with ADHD? Current models of ADHD should be impacting
treatment approaches. An example comes from recent models proposing deficits in multiple pathways in ADHD (Nigg,
2006; Sonuga-Barke, 2002, 2003), including executive and motivational pathways. From the model proposed by
Sonuga-Barke (2002, 2003), who highlights the findings related to delay aversion in ADHD related to the motivational
pathway, suggests implementation of delay fading, which would involve the repeated presentation of delay that is
predictable, rewarded, and gradually increasing in size (Sonuga-Barke, 2004). Also, consistent with deficits related to
the motivational pathway, consideration of reward schedules and extinction may be another important direction to
consider (Lee & Zentall, 20006).

Future research on cognitive interventions for ADHD will need to be designed carefully, and will need to
incorporate knowledge gained from previous programs (see Abikoff, 1991). It will not only be important to
demonstrate significant effects using careful experimental design, but to have good theories that bridge current ADHD
theory with why these approaches work. Cognitive strategies may have direct or indirect effects — for example,
neurofeedback with the use of strategy training and cognitive training of attention and memory may directly impact
neural processes and cognitive skills. Alternatively, cognitive-behavioral strategies may be less direct and perhaps
more useful when augmenting other training, such as social skills and anger management (Hinshaw, 2006). By
understanding the processes and mechanisms by which these treatments work, this will be useful for the optimal design
of these approaches to maximize treatment benefits.

The selection of outcome measures also becomes extremely important, and a strong rationale must be given for the
selected target outcome variables. The challenge is, however, that there are ongoing questions regarding the
neuropsychological profile of ADHD. In particular, executive function processes demonstrate considerable variability
in ADHD samples, with only a proportion of participants with ADHD displaying impairment on one or more of these
measures (Nigg, Willcutt, Doyle, & Sonuga-Barke, 2005). The most commonly used measure in the studies reviewed
here was some version of the continuous performance test (CPT), however, current models of ADHD give little
attention to CPT performance as an important neuropsychological construct for understanding ADHD. Intra-individual
variability of performance has been discussed as an important marker of ADHD (Castellanos et al., 2006; Russell et al.,
2006; Tannock, 1998; Williams et al., 2007), and consideration should also be given to including changes in response
variability as a treatment outcome. Future treatment studies should consider including a battery of outcome measures
that are informed by current neuropsychological studies on ADHD. Consistency in outcome measures will also permit
meta-analytic investigations that amalgamate findings across treatment studies.

5.1.2. Systematically study combined treatment approaches

More studies should examine the effect of combining medication with other treatment approaches (such as, Rapport
et al.,, 1996), but still systematically examining the effect attributable to medication versus the other treatment
alternatives. Hall and Kataria (1992) demonstrated that the combined effect of their cognitive and behavioral
intervention with medication resulted in a significant group effect on sustained attention. Hinshaw (2006) also
recommends using a behavioral approach in combination with other approaches. Indeed, a recent meta-analysis
compared studies using combined psychosocial and pharmacological treatments with studies using pharmacological
treatments alone, and the combined treatment resulted in medium effect sizes relative to the pharmacological treatments
alone (Majewicz-Hefley & Carlson, 2007). There has also been some evidence to demonstrate effectiveness of cognitive
strategies combined with behavioral programs applied to specific domains, such as social skills and anger management
(Hinshaw, 2006).

More consideration should be given to an integrated approach to intervention that addresses cognitive, motivational,
and family and school contexts (Hinshaw, 2006), as children likely experience their symptoms in multiple contexts, and
therefore need treatment in each setting to obtain maximal benefit (Chronis et al., 2006). Although the primary causes
of ADHD are regarded as biological, family socialization practices, such as discipline style, have been demonstrated to
significantly impact disruptive behavior at school and family social skills when a combined medication and behavior
therapy were utilized (Hinshaw, 2007). Indeed, ADHD is a good candidate disorder where multiple strategies and
approaches are needed for successful outcome. Therefore, it may not be a disorder where we should be trying to
identify specific ingredients leading to successful treatment, rather creating a strong multi-modal approach addressing
all the components needed to be addressed in ADHD. The Monastra et al. (2002) neurofeedback study provides a good
preliminary model. This approach would be more consistent with a contextual model of psychotherapy (Wampold,
2001).
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5.1.3. Developmental level

Different developmental levels need to be taken into account, so that it meets the individual’s current cognitive and
developmental needs (Chronis et al., 2006). For example, younger children with ADHD may not be able to utilize
cognitive-behavioral strategies to modify deficient thinking patterns (Hinshaw, 2006), which may provide some
explanation for why early attempts to use CBT with children were not effective. But this does not rule out the possibility
that such interventions may be more effective with adolescents and/or adults with ADHD. Some evidence has shown
possible efficacy of these approaches in adults with ADHD (Hesslinger et al., 2002; Stevenson et al., 2002). Very little
attention has been given to use of these treatments during adolescence (Chronis et al., 2006), and special consideration
must be given to this period of development characterized by new challenges, necessitating alternative approaches, such as
parent—teen training approaches for problem-solving and communication skills (Barkley et al., 2001).

5.1.4. Transfer effects and long-term change

A consistently raised issue in the treatment of ADHD is the long-term effects. Substantial work needs to be done in
order to identify treatments that will lead to long-term, clinically meaningful change (Hinshaw, 2006). Long-term goal
is to promote self-management and self-control, and cognitive-behavioral treatments may have an important role for
achieving this goal (Hinshaw, 2006). Notably, Klingberg et al.’s (2005) working memory training resulted in treatment
effects maintained at 3-month follow-up on a number of cognitive outcome measures. Treatment effects and
demonstrations of maintained change, such as this study, are needed.

5.1.5. Other considerations

Systematic consideration of subtype and the impact of treatment on symptoms of inattention and hyperactivity/
impulsivity separately should be considered. As demonstrated in this review, less research has focused exclusively on
the ADHD, Inattentive subtype. For example, the MTA study (MTA Cooperative Group, 1999) included children who
all had the Combined subtype. Little attention has been given to examine the impact of ADHD treatment on comorbid
conditions (Hinshaw, 2006). Psychoeducational approaches with the youth and/or family have received virtually no
attention in the literature. Psychoeducation can include sharing information about the disorder, treatment alternatives,
teaching parents behavioral strategies, and using cognitive strategies to help parents manage frustration (Corcoran,
2003).

6. Conclusions

This is an important time in the field of ADHD to give careful consideration to what cognitive-based treatments will
be examined and how they will be carried out. This review included 26 studies characterized by considerable
heterogeneity in sample characteristics, methods, and dependent measures. In order to advance the field to truly
determine the efficacy of cognitive-behavioral, cognitive, and neural-based approaches in the study of ADHD, we have
identified a number of important considerations for study design and interpretation that will hopefully provide a
foundation for future work in this area. In addition to empirical rigor, the field of psychology has standards for
evaluating the efficacy of treatments (Task Force, American Psychological Association, 1995). If ADHD is importantly
characterized by cognitive deficits and neural anomalies, and we have methods available to ameliorate these processes,
then we need to conclusively determine the efficacy of these approaches for clinical use.

Despite the heterogeneity in methods, our analysis of study methods and effect size calculations suggest that despite
any considerations with respect to quality of study design (including random assignment, medication status, etc.), there
is evidence to suggest that these treatment approaches may have some promise that are may not be attributable to these
study design characteristics. While there is a strong literature to suggest that some cognitive-behavioral methods may
be ineffective (Abikoff, 1991), experts in the field have argued that there is likely an important role for behavioral and
cognitive-behavioral approaches for treating ADHD (Hinshaw, 2006). This highlights the importance of further
pursuing this work by refining and mapping our theories of ADHD onto reasonable treatment approaches and
outcomes. Consideration should also be given to clinically significant outcomes and functional impairments, such as
organizational skills, social competence, and academic remediation (Hinshaw, 2006). Our goals should veer away from
trying to determine “which is better”, but rather, does another treatment importantly add to outcome change. There is
indeed a demand for alternative approaches to treating children with ADHD and room for developing innovative
methods for ameliorating the behavior of individuals with ADHD.
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