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Summary and Conclusions
SBU’s appraisal of the evidence
Attention Deficit Hyperactivity Disorder (ADHD)
is the most common neuropsychiatric diagnosis in
children and adolescents. ADHD is characterized by
inattention, impulsiveness and hyperactivity to the
extent that it affects the child’s school results and
relationships with friends and family.
Computerized training of working memory and
neurofeedback are two methods aimed at increasing
the child’s capabilities to manage their problems.
• The scientific evidence is insufficient to determine whether computerized training of working
memory or neurofeedback reduces symptoms of
ADHD in children of school age.
• The scientific evidence is insufficient to determine whether computerized training of working
memory and neurofeedback are associated with
any risks.
• It is essential that children with ADHD have access
to support services that are safe and effective.
Controlled trials should be conducted to clarify
the benefits and risks of computerized training of
working memory and neurofeedback in the short
and long term.

Target group and technologies
The target group for computerized training of working
memory and neurofeedback are children with ADHD
who are found to be in need of supportive interventions. In Sweden this group includes 30 000 to 40 000
children.
The diagnosis of ADHD is defined as a specific set of
behavioral deviations/symptoms, including inattention,
hyperactivity, and impulsiveness. Children with ADHD
are in a long term perspective at greater risk for psychiat
ric disorders, substance abuse, and criminality when they

reach adulthood. Adults with ADHD often have problems
with relationships and working life.
Availability of effective methods to support children diagnosed with ADHD is limited. The established interventions include educational and psychosocial support for
parents, preschools and schools, and pharmaceuticals.
Since ADHD affects the child’s life in many ways, multimodal interventions may be required.
This assessment addresses two nonpharmacological
methods aimed to help children to improve attentiveness and control impulsiveness. Both methods directly
target the child. They have been tested as single interventions and in combination with other interventions.
The methods are based on two different theories on the
causes of functional disturbances in ADHD.
Computerized training of working memory is based on
the theory that an impaired working memory is one of
the underlying problems in children with ADHD. The
capacity of the working memory determines the ability
to retain and process information and impressions during
a short period. It is important for understanding instructions as well as for planning, reading, and mathematics.
Working memory is also important in controlling behavior.
Two computerized programs for training of working
memory are available in Sweden. Both programs are
designed as computer games. As the child completes the
exercises, the degree of difficulty increases, which aims
to stretch the capacity of the working memory.
Neurofeedback is based on the theory that children with
ADHD in some respects have slower activity in the brain,
which can be registered via electroencephalography
(EEG). The aim of neurofeedback is to train the children
to concentrate and control their impulses. Educational
computer programs are used in this context as well. The
EEG pattern controls the content, and when it is normal
ized the child receives praise or points. The child should
learn how a normal EEG pattern “feels”.
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Primary questions and limitations
• In the short and long term, how does computerized
training of working memory and neurofeedback affect
symptoms and functional capacity in children with
ADHD?
• Are there any complications or adverse effects?
• Do any ethical or social aspects affect the use of the
methods?
• What do the methods cost? Are they cost-effective?
The studies included in the review should meet the following criteria:
Study type: Randomized trials to determine effects. All
study designs to determine risks, adverse effects, and
ethical aspects.
Patient group: Children who met the criteria for ADHD,
ie, they had developmental problems related to atten
tiveness, hyperactivity, and impulsiveness. The diagnosis
should be made using established rating scales, which
were based on criteria from the DSM-IV classification
system.
Methods: Computerized training of working memory or
neurofeedback.
Control interventions: Psychoeducative methods (ie,
educational interventions), standard support, and placebo, eg, ordinary computer games. Studies that used
waiting lists as controls were excluded.
Outcome measures: ADHD symptoms, measured with
established rating scales. The effects should be judged
by at least two independent information sources (eg,
teachers, parents, the child). Studies with one source
of information were included only if they measured the
effects in follow-up after 6 months or longer.

Patient benefit
Health effects
Computerized training of working memory
 The scientific evidence is insufficient* to determine
whether computerized training of working memory
reduces the degree of inattentiveness, hyperactiv
ity, and impulsiveness in school-aged children with
ADHD.
Computerized training of working memory has been
developed mainly in Sweden. Pilot studies and studies
without control groups concluded that training with
computerized programs has good effects on working
memory. In the only randomized trial published, how
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ever, the effects were smaller. The interactive computer
program was compared with a control program that
was identical except that the degree of difficulty of the
exercises did not increase, but remained constant. Both
the parents and the teachers judged ADHD symptoms
using rating scales. According to the parents, attention
improved and hyperactivity decreased in the children
who trained with the program that included increasing
levels of difficulty. The teachers, however, found no differences between the groups. According to the parents,
the difference between the groups was still significant
after 3 months, even if the difference had decreased
substantially.
Neurofeedback
 The scientific evidence is insufficient* to determine
whether neurofeedback reduces the degree of inattentiveness, hyperactivity, and impulsiveness in schoolaged children with ADHD.
In an international perspective neurofeedback has been
studied more than computerized training of working
memory. Two of the four controlled trials included in the
assessment were judged to be of medium quality. One
of these compared neurofeedback to a computerized
program for training attentiveness. After end of training
both the parents and the teachers reported that neuro
feedback had reduced ADHD symptoms to a greater
extent than had attentiveness training. The study did not
include a follow-up.
The second study assessed the effects of neurofeedback
as a supplement to a combination of methylphenidate,
psychosocial support for parents, and supportive interventions in school. At 12-month follow-up, the group
that had also received neurofeedback showed greater
attentiveness and less hyperactivity than the group that
had received only medication and psychosocial support.
The other two studies were judged to be of low quality,
but the results of these studies point in the same direction
as the results from the two studies of medium quality.
Since the studies used two types of neurofeedback it is
difficult to draw any conclusions about the effects.
Complications and adverse effects
 The reviewed studies did not address the issue of complications and adverse effects (Insufficient Scientific
Evidence)*.

Ethical aspects
Computerized training of working memory and neuro
feedback are aimed directly at the child and thereby
offer the possibility for greater integrity and autonomy.
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Being able to manage one’s own behavior and see its
consequences – not being vulnerable to the control (or
lack thereof) of others – can promote the individual’s
opportunity to understand and manage their life, thereby
enhancing the sense of being able to actively influence
one’s situation. Although the computer programs offer
potential advantages in terms of integrity and autonomy,
it must be recognized that the effects of these methods
have not been verified.
Risks for stigmatization or a sense of being singled out
are small. Rather, there is a higher probability that the
children receiving this type of training feel more chosen
than singled out. Computers have become a part of life.
Schools commonly use computer programs not only
for playing games, but also for reading and mathemat
ics. Many children with ADHD are well aware of their
problems and shortcomings, and are thereby motivated
to change. This motivation is, however, transient and
requires support from adults to strengthen the child’s
perseverance.
A conceivable negative consequence would be that util
izing these methods could draw resources from other
interventions for children with special needs. The great
est cost associated with computerized training of working memory is maybe the cost of time spent by parents
and teachers.

Economic aspects
 The scientific evidence is insufficient* to draw any con-

clusions on the cost-effectiveness of the methods.
Computerized training of working memory is used mainly
within the framework of schools. Only a few child psych
iatry clinics use the programs. Manufacturers report that
the cost for a license to cover an entire school or clinic
would be 12 000 to 15 000 Swedish kronor (SEK) per
year. Additional expenses include the personnel costs
associated with providing support for the children.
The cost of neurofeedback could not be estimated.

* Criteria for Evidence Grading SBU’s Conclusions
Evidence Grade 1 – Strong Scientific Evidence. The conclusion is corroborated by at least two independent studies with high quality, or a
good systematic overview.
Evidence Grade 2 – Moderately Strong Scientific Evidence. The conclusion is corroborated by one study with high quality, and at least two
studies with medium quality.
Evidence Grade 3 – Limited Scientific Evidence. The conclusion is corroborated by at least two studies with medium quality.
Insufficient Scientific Evidence – No conclusions can be drawn when
there are not any studies that meet the criteria for quality.
Contradictory Scientific Evidence – No conclusions can be drawn
when there are studies with the same quality whose findings contradict each other.
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