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Abstract

Background: Working memory training (WMT) has been shown to offer therapeutic benefits to both patients with
Attention-Deficit Hyperactivity Disorder (ADHD) and patients with mild to borderline Intellectual Disabilities (MBID;
60 < IQ < 85). However, robust evidence for transfer effects and treatment benefits of WMT over placebo training
are lacking. Owing to the nature of double-blind research designs in RCTs, children have received non-specific
coaching not based on their actual training performance. Active coaching based on individual training results (such
as in clinical practice) might enhance the efficacy of Cogmed WMT. Furthermore, clinical experience and the general
treatment approach to these vulnerable children has shown that the intensity and duration of WMT is often
too stressful. This study therefore investigated the efficacy of a less intensive, but more prolonged Cogmed
WMT (including active personalized coaching and feedback) in reducing behavioral symptoms and improving
neurocognitive functioning and academic achievements in children with MBID and neuropsychiatric disorders.

Methods/design: A double-blind RCT with children (age 10.0–13.11) with neuropsychiatric disorders (ADHD
and/or autism spectrum disorder (ASD)) and MBID (IQ: 60 < IQ < 85). Two groups (each n = 26) will receive
Cogmed WMT (version R/M) at home or at school for 8 weeks, 4 days a week, at 30 min a day. One group
will receive active personalized coaching and feedback based on their actual individual performance during
Cogmed training. The other group will only receive general non-personalized coaching (i.e. no receive
personalized coaching and feedback). Both groups will undergo a neurocognitive assessment (working
memory, executive functioning, academic achievements) before and after training and complete several
questionnaires (behavioral problems, parenting style) with a 6 months follow-up.

Discussion: This study will add to the literature since the role of coaching in Cogmed WMT has not been
studied before. It will also provide opportunities to investigate an alternative version of WMT in a large group
of vulnerable children, for whom few evidence-based treatments are available. Ultimately, this will allow us to
advise mental health care professionals and special education schools about the use of this type of
intervention for children with MBID and neuropsychiatric disorders.

Trial registration: Dutch Trial Register. NTR5223. Registration date 06–09-2015.
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Background
It is important to develop evidence-based treatments for
children with MBID (IQ: 60 < IQ < 85) and neuropsychi-
atric disorders, as regular cognitive-behavioral therapies are
often too complex for this group due to lower intellectual
abilities and less developed adaptive skills. The group of
children with MBID is of particular interest, since 33% may
have a comorbid psychiatric disorder, the most common
being ADHD and ASD [1].
WMT has been shown in several studies to offer thera-

peutic benefits to both patients with ADHD and patients
with MBID. Recent reviews on the efficacy of Cogmed
WMT have suggested Cogmed RM may be a potentially
efficacious treatment for ADHD [2, 3]. Studies on the
MBID-group report improvements in short-term memory
(STM) and working memory (WM) as well as in academic
achievements [4, 5]. A recent meta-analytic review revealed
a significant overall pretest-posttest effect size for WMT
for individuals with intellectual disabilities compared to
controls [6]. On the other hand, 2 previous meta-analyses
on non-pharmacological interventions suggest better evi-
dence for the efficacy of cognitive training is required
before these interventions may be labelled as effective
interventions for ADHD [7, 8]. Rapport and colleagues [9]
showed moderate improvements in STM performance in a
meta-analysis of several cognitive training programs in
children with ADHD when focusing on STM alone (such
as Cogmed WMT). However distal transfer effects as well
as training effects on other neurocognitive domains, aca-
demic achievements or behavior were negligible [9].
Extended research on the efficacy of WMT in a variety of

patient groups is needed. This study is designed to examine
the effect of WMT in a scientific rigorously way in children
with MBID and neuropsychiatric disorders (i.e. ADHD,
ASD). Previous studies on Cogmed WMT have underlined
the importance of active, personalized coaching and feed-
back during training [3, 10]. A study by van Dongen and
colleagues [10] included a younger ADHD patient group
with normal intelligence. Both children treated with
Cogmed and those treated with the placebo control version
improved on the outcome measures. Due to the inclusion
of a placebo-controlled version, children received non-
personalized coaching (not based on their actual training
performance). This is not consistent with the personalized
coaching and feedback (based on actual performance) in
clinical practice. Preliminary blind analysis from our recent
study on the efficacy of Cogmed in neuropsychiatric disor-
ders and borderline intellectual functioning (Roording-
Ragetlie S, Klip H, Buitelaar J, Slaats-Willemse D. Working
memory training in children with neuropsychiatric disor-
ders and borderline intellectual fucntioning; a randomized
controlled trial, unpublished raw data) has also shown that
both groups, i.e. those children treated with Cogmed and
those treated with the placebo control version of Cogmed,

improved significantly on various variables. It is probable
that active personalized performance coaching in the active
Cogmed group during the training period could have made
the difference in performance between the 2 groups.
A different explanation for the progression in both

groups in our recent study may be that this control version
of Cogmed WMT is already challenging enough for chil-
dren with intellectual disabilities. The WM load in this
version has a maximum of 3 items which may place a high
demand on the WM capacity of children with MBID. This
group may, on average, have a baseline WM capacity below
3, which makes the control version questionable for the
MBID-group. This low baseline may also increase the daily
duration of the training and consequently decrease the
participating children’s motivation. Training is, in general,
more difficult for this population. A recent pilot study indi-
cated that protocols containing more training days with
shorter training durations per day, may lead to similar or
even better training effects compared to the standard
protocol, even with less total training time [11]. This is con-
sistent with the general treatment approach for children
with MBID. These children may have a shorter attention
span and need longer treatment durations before effects –
which last for a longer period of time are noticeable [12].
Therefore, based on clinical experience and previous re-
search, a less intensive (i.e. 4 instead of 5 days per week and
5 instead of 8 exercises per day) and more prolonged (i.e. 8
instead of 5 weeks in a row) WMT would probably better
fit children with MBID and neuropsychiatric disorders.
In conclusion, robust evidence for transfer effects and

treatment benefits of WMT over placebo training are
lacking. Double-blind research designs in randomized
controlled trials, in which children receive non-specific
coaching not based on their actual training performance,
might play a crucial role in these findings. Active coaching
based on individual training results (comparable to clinical
practice) might enhance the efficacy of Cogmed WMT.
Furthermore, based on clinical experience and the general
treatment approach to children with MBID and neuro-
psychiatric disorders, it is our opinion that the intensity and
duration of WMT is often too stressful. Therefore, this
study will examine the efficacy of a less intensive and more
prolonged Cogmed WMT in these vulnerable children. Sec-
ondly, the potential benefits of active, personalized coaching
and feedback during the Cogmed WMT in terms of redu-
cing behavioral symptoms and improving neurocognitive
functioning and academic achievements in children with
MBID and neuropsychiatric disorders will also be studied.

Aims
The overall purpose of the study is to gain insight into
Cogmed WMT, and in particular to identify which ele-
ments may help to develop individually tailored effective
treatment possibilities for groups of vulnerable children.
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(1)The primary aim of this study is to investigate the
efficacy of a less intensive but prolonged Cogmed RM
WMT with active personalized coaching and feedback
in children with MBID and neuropsychiatric
disorders, compared to a less intensive but prolonged
RM Cogmed WMT without personalized (i.e. only
general non-personalized) coaching and feedback, on
neurocognitive functioning as measured with the
backward block recall task.

(2)Secondly, the efficacy of active personalized
coaching will be investigated on various other
neurocognitive functioning domains (WM and
executive functioning), academic achievements
(arithmetic and reading), behavioral problems and
parenting style.

It is hypothesized that participants who receive a less
intensive but prolonged RM Cogmed WMT with active
personalized coaching and feedback demonstrate greater
improvement on neurocognitive functioning, academic
achievements, behavioral problems and parenting style,
directly after training and 6-months post baseline, com-
pared to those who receive a less intensive but prolonged
RM Cogmed WMT with only general non-personalized
coaching and feedback.

Methods
Approval
The ethics approval was obtained from the Medical Eth-
ical Committee (NL52647.091.15/METC2015–1618) at
Radboud Academic Medical Centre in Nijmegen, the
Netherlands.

Design
Two groups of 26 children will train 8 weeks, 4 days a
week for an average of 30 min (5 exercises) each day in
a double-blind randomized controlled trial. Parents, chil-
dren and teachers will be blinded for the group alloca-
tion, i.e. 1. personalized coaching and feedback or 2.
non-personalized feedback and general coaching. All
participants will undergo a behavioral and neurocogni-
tive assessment including academic achievement mea-
sures (pre- and post- assessment). The post-assessment
will be carried out in the week after the last session, and
an evaluation of the training will take place. In this
evaluation parents are questioned about their positive
and negative experiences with the training. Furthermore
they are asked if they would recommend the training to
others and to grade their contentment with the training
between 0 (very poor) and 10 (very good). Six months
after the last training session there will be a follow-up.
Selection of participants, screening for eligibility and as-
sessments will be performed at Karakter, Centre for

child and adolescent psychiatry. The training will be
done at home and/or at school.

a) One group will be treated with a less intensive but
more prolonged version of the Cogmed WMT, version
R/M. They will receive personalized coaching and
feedback (5 sessions) based on their actual
performance during the training;

b) One group will be treated with a less intensive but
more prolonged version of the Cogmed WMT,
version R/M. They will receive the same amount of
coaching time, but without personalized feedback
(only non-personalized coaching).

Setting
Two different types of schools (primary- and secondary
special education) in the area of Arnhem/Nijmegen, the
Netherlands will be contacted for participation in this
study.

Recruitment
Recruitment will take place among referrals and patients
of Karakter child and adolescent psychiatry in the
Netherlands. Parents and children will receive detailed
written information about the study. If they have any
questions about the study, they can call one of the inves-
tigators. In addition, participants will be recruited
through the Dutch national association for parents of
children with developmental disorders (i.e. Stichting
Balans). Participants will be recruited through advertise-
ments on the association’s website and magazines.
Lastly, participants will be recruited among children vis-
iting special education classes. Primary education school
boards will be contacted for participation. If permitted
by school board an advertisement will be placed on the
school’s website and in the school magazine. The adver-
tisement will be clear about the study objective and de-
sign as well as the benefits and the risks of participating
in the study. The investigators will only contact parents
after they have given permission to their therapist or
school board to be informed about the research. Train-
ing will be started after signed informed consent has
been obtained from both parents and the child
(age ≥ 12 years). When informed consent is received by
the research team, the investigator will inform the gen-
eral practitioner and the involved therapist/psychiatrist
about the participation.

Inclusion and exclusion criteria
Inclusion
Children participating in this study will be aged between
10 years 0 months and 13 years 11 months with an
IQ score between 60 and 85 (mild to borderline
intelligence level). They will have been classified with a

Roording-Ragetlie et al. BMC Psychiatry  (2017) 17:114 Page 3 of 9



neuropsychiatric disorder, i.e. ADHD and/or ASD in line
with DSM-IV/DSM-5 [13, 14]. Children with comorbid
Oppositional Defiant Disorder (ODD) will also be in-
cluded. Access to a PC with Windows Vista or Windows
XP with an internet connection and speakers at home or
at school will be required for the training. Children on
medication will only be included if there is “room for
improvement of the ADHD symptoms” and medication
dosages remain stable during study participation.

Exclusion
Exclusion criteria are (1) treatment at an inpatient or
day treatment clinic, (2) regular use of other medication
than for ADHD, (3) psychiatric diagnoses other than
ADHD, ASD or ODD, (4) neurological disorders (e.g.
epilepsy) in the last 2 years, (5) current or a history of
cardiovascular disease, (6) severe motor and/or visual
impairment, (7), current participation in another clinical
trial, (8) insufficient motivation or time to pursue training
(child, parent(s), or aid(es) are too busy or not motivated
to participate), (9) medical illness requiring medical
treatment.

Randomization
Randomization will be used: 1. to avoid bias in the as-
signment of participants to treatment. 2. to increase the
likelihood that known and unknown factors (expecta-
tions of the therapy, motivation etc.) are evenly balanced
across treatment groups and, 3. to enhance the validity
of statistical comparisons across treatment groups.
Randomization will be done by an independent person
not involved in this research project, and will be pro-
vided through sealed envelopes.
Four strata will be constructed based on sex and diagno-

sis, to enable important prognostic characteristics (the
stratification factors) to be balanced between the treatment
groups. A block randomization schedule with varying
block sizes will be performed separately within each
stratum to reduce the possibility of selection bias. By using
this method, we will have the most optimally balanced allo-
cation of participants possible among treatment groups. In
addition to this the use of varying block sizes will increase
the randomness of the group allocation.
Professionals involved with the pre-, post and follow-up

assessment will not be informed about the coaching
method. Professionals involved in the coaching will not be
involved in the pre- post and follow-up assessment. Par-
ents, aides and children will be informed about the weekly
contact with their coach by telephone, but will not be
informed about coaching-content specifics beforehand.
Reason for breaking the blind is that information is im-
portant for medical management of the subject. Appropri-
ate documentation will be completed, signed and dated by
the investigator with the reason for breaking the code.

Participants will be informed about the allocated interven-
tion after the post-treatment assessment.

Cogmed WMT
The original Cogmed WMT consists of 13 verbal and vis-
ual STM and WM tasks, which are implemented using a
computer program (Cogmed, Stockholm, Sweden). A child
will complete 8 different task on each training session. An
example of a verbal WM task is Decoder. In this particular
task, some letters will be said aloud, while 3 letters are
shown at the same time with the corresponding letter
highlighted. The child needs to remember the letters that
he/she hears and select the letters by clicking on them
without becoming distracted by the other non-
corresponding letters shown on the display. An example of
a verbal WM task is Rotating data link. In this particular
task a number of lamps will be highlighted in a successive
order. The child needs to remember the order. Before the
child gives an answer, the entire panel will be turned
through 90 degrees. When the program says “go”, the child
clicks on the circles in the order in which the lamps were
highlighted, however they need to remember that the panel
has turned 90 degrees. The program is provided on a com-
pact disc and used by the child on a personal computer at
home and/or school, supervised by a parent and/or
teacher. Responses are made by clicking on displays using
the computer mouse. The difficulty level is automatically
adjusted, on a trial-by-trial basis, to match the WM span
of the child on each task. Children are assigned a unique
ID code and task performance is uploaded in a log file.
During the training sessions the child receives positive
verbal feedback from the computer. In addition to this
high scores are displayed after each task; there is also an
“energy” counter which can be used on a fun racing
game completed after each training day. The racing
game is only included as a reward and does not load on
WM. Children have a free choice whether to play the
game. After each week of training the child receives a
small reward (e.g. doing something fun with dad,
choosing dinner).
In the original version children train for a period of

5 weeks (25 days and 200 exercises in total), with an es-
timated time spent per day between 35 and 50 min. The
less intensive but prolonged version has a duration of
8 weeks (30 days and 160 exercises in total), with an es-
timated time spent per day between 25 and 35 min. In
both versions a licensed Cogmed coach will provide de-
tailed personalized coaching and feedback on the child’s
performance following a strict protocol, by telephone in
5 sessions with the parent, or aide and also with the par-
ticipating child. In the original version this means a
coaching contact ones a week. To keep additional men-
tal health care costs similar with the original Cogmed
version (consisting of five weeks of training and weekly
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feedback). This means a coaching contact every one and
a half week in the prolonged version.
Cogmed WMT has been developed by Cogmed Cognitive

Medical Systems AB (Stockholm, Sweden). Pearson is the
official publisher for the Netherlands for Cogmed.
BeterBrein provides the educational program to become a
licensed Cogmed coach.

Interventions
Condition 1: A less intensive and prolonged version of
Cogmed WM training with active coaching and
personalized feedback
This coaching condition aiming to increase perform-
ance and motivation is suggested by Cogmed to be the
best way to deliver the intervention. During 8 weeks
each child will train for an average of 30 min (5 exer-
cises) a day, 4 days a week. The training program con-
sists of WM tasks implemented on a computer
program. Three persons are directly involved in the
treatment program: (1) The child undergoing the train-
ing, (2) parents, teachers or mentors (aides) whose role
is to motivate the child during the training, who will
have contact with the coach and act as an intermediary
between the coach and the child, (3) the licensed
Cogmed coach trained by BeterBrein, who will provide
detailed personalized coaching and feedback on the
child’s performance by telephone in 5 sessions with the
parent, and aide (if involved) and the child. Detailed
personalized coaching and feedback means explaining
in what way the performance can be optimized, by ana-
lyzing how and when mistakes are made (the Cogmed
coach can log in on the child’s account). For example;
performances are better when a child is training in the
morning, or a child will perform better when he/she
starts with the more difficult exercise(s), or when he/
she takes more short breaks. The coach gives this feed-
back to the child, parent(s) and aid(es). Secondly,
motivational aspects are an important part of detailed
personalized coaching and feedback. The coach ex-
plains why the training is helpful for a better daily func-
tioning and asks the persons involved if everybody
sticks to the rewarding plan and if changes have to be
made. Furthermore, suggestions in how to motivate the
child will be discussed when motivational problems
occur. The suggestions are personalized and tailor-
made for their specific home situation. The coach, a
psychologist or psychological assistant at Karakter, will
follow a strict protocol, as part of the training program.
According to the protocol the coach will start with a
standardized training instruction, in which a demon-
stration of the training will be given and specific goals
(e.g. improvement of memory- or attention span, or
better results at school) will be determined. Training
days and training times will be discussed and agreements

about who will act as aid will be made. Furthermore
a rewarding system will be agreed on. During the
coaching calls the Cogmed coach will discuss standard-
ized topics such as training progress (e.g. time schedule,
training results) by logging in to the Cogmed server to
review the child’s exact performance for each training
day, to optimize training performance. Also motivation
is a standard topic to discuss (e.g. rewarding system,
goals).

Condition 2: A less intensive and prolonged version of
Cogmed WM training without active coaching and
personalized feedback, only general non-personalized
coaching
This version is exactly the same as the training in the
active condition, except for the personalized coaching
and feedback. The general non-personalized coaching
condition will also start with a standardized training
instruction with the same topics, accept for the deter-
mination of the specific goals and the use of a re-
warding system. The coach will spend the same
amount of time with the parents or aid(es) at school
and/or child on the telephone, but will not log in on
the Cogmed server to see the child’s exact perform-
ance. Only concrete training logistics (e.g. training
time, training minutes, breaks during the training
etc.) will be assessed.

Measures and procedures
The selection phase will be started once written in-
formed consent has been obtained. Parents will be asked
demographic and background information such as previous
care and medication use. Parents will also be asked to
complete the Diagnostic Interview Schedule for Children
(DISC-IV), a highly structured diagnostic instrument de-
signed for use by non-clinicians [15] to assess the presence
of ADHD and the exclusion of other comorbid psychiatric
disorders. The Social Communication Questionnaire (SCQ)
will be used to assess the presence of ASD [16]. These
results will be checked against the DSM-IV criteria by an
experienced psychologist. Where the most recent results
are >2 years old intellectual disabilities will then also be
checked before participation through 5 subtests of the
WISC-III-NL (Information, Vocabulary, Picture Comple-
tion, Block Design, Digit Span) [17]. Children who meet the
inclusion criteria will be included in the study. The as-
sessment of neurocognitive functioning domains (WM
and executive functioning), academic achievements
(arithmetic and reading), behavioral problems and par-
enting style will be administered at 3 consecutive points:
at baseline, directly after treatment and 6 months after
treatment. The child will undergo a test battery that will
measure neurocognitive functioning, consisting of tests
capturing visual [18, 19] and verbal WM [19], sustained
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attention [20], response inhibition [20] and goal-directed
behavior [21]. Academic performance will be measured
with a speed reading test [22] and a speed math test
[23]. Parents will complete a Dutch translation of the
Alabama Parenting Questionnaire (APQ), to measure
parenting style [24]. Parents and teachers will complete
the Vragenlijst voor Inventarisatie van Sociaal gedrag van
Kinderen (VISK, Social Behavior Inventory) [25], the
ADHD Vragenlijst (AVL, ADHD Questionnaire) [26] and
the Behavior Rating Inventory of Executive Function
checklist (BRIEF) [27]. Five (telephone) coaching contacts
will take place during the training phase. After completing
the training children and parents/teachers in both groups
will be questioned about their motivation (e.g. how much
fun was it to do) and satisfaction of treatment a scale from
0 to 10. All tests and questionnaires have been selected

based on clinical experience with the population and are
in line with the international literature. Other aspects
taken into account will be the duration of administration,
the combination of neurocognitive tests required to deter-
mine proximal/near (visual and verbal WM) and distal/far
(sustained attention, response inhibition and goal-directed
behavior) transfer effects and methodological issues such
as presence of Dutch norms and test-retest reliability. See
Table 1 for an overview of the assessments and outcome
measures.
Participants can leave the study at any time for any

reason if they wish to do so without any consequences.
The principal investigator can also withdraw a subject if:
The investigator believes that for safety reasons (e.g. in
the presence of adverse events) it is in the best interest
of the subject to stop treatment, the subject is unwilling

Table 1 Measurements

Measure Informant T0 T1 T2 T3

Selection fase Shortened version of the Wechsler Intelligence Scale for Children-III-NL: subtest Information,
Vocabulary, Picture Completion, Block Design, Digit Span, which gives an estimation
of the Total IQ**

child *

Diagnostic Interview Schedule for Children (DISC-IV): structured diagnostic interview,
registered via the internet, Measures presence of symptoms and criteria variables as
defined by the DSM-IV. Only domains ADHD (inclusion criterion) and major
depression, bipolar disorder, psychotic disorder, conduct disorder and general anxiety
disorder (exclusion criteria) are administered.

parent *

Social Communication Questionnaire (SCQ): a quick screening questionnaire of 40
items for autism spectrum disorders.

parent *

Primary
outcome

Backward block recall: subtest from the Working Memory Test battery for Children,
measures visual working memory.

child * * *

Secondary
outcome

Spatial span: subtest from Automated Working Memory Assessment, measures visual
working memory

child * * *

Backward digit recall: subtest from the Working Memory Test battery for Children,
measures verbal working memory.

child * * *

Listening recall: subtest from the Working Memory Test Battery for Children, measures
verbal working memory.

child * * *

Sustained Attention Dots: subtest from the Amsterdam Neuropsychology Test battery,
measures sustained attention.

child * * *

Go-Nogo: subtest from the Amsterdam Neuropsychology Test battery, measures the
ability to inhibit automatic responses.

child * * *

Comprehension of instruction: subtest from Nepsy-II-nl, measures the ability to receive,
process and execute oral instruction of increasing syntactic complexity.

child * * *

Speed math (Tempo Test Rekenen): measures degree of automation of addition,
subtraction, multiplication and decision.

child * * *

Speed reading (Een minuut test): measures technical literacy speed. child * * *

Vragenlijst voor Inventarisatie van Sociaal gedrag van Kinderen (VISK): measures
symptoms of ASD on a 4-point Likert scale.

parent/ teacher * * *

ADHD Vragenlijst (AVL): assess symptoms of ADHD on a 4-point Likert scale parent/ teacher * * *

Behavior Rating Inventory of Executive Function checklist (BRIEF): 70 item questionnaire
designed to assess executive functioning on a 3-point Likert scale in home and
school environments.

parent/ teacher * * *

Alabama Parenting Questionnaire (APQ): assess parenting style and indirectly coaching
style on a 5-point Likert scale.

parent * * *

T0 = selection fase, T1 = baseline, T2 = directly after treatment, T3 = follow-up (6 months)
**Intelligence Quotient is only administered if IQ data are not available or when IQ test had been administered more than 2 years ago
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to cooperate for reasons not related to the trial treatment,
an intercurrent illness emerges of which the severity, dur-
ation, or required treatment violated the conditions of the
trial. Reasons for withdrawal are recorded. Participants
withdrawn from the study for a medical reason will be
followed until the adverse events have been resolved.

Sample size
Data from Fuchs and Fuchs [28] and Wickes [29] were used
for the population estimates. In this first meta-analysis the
effects of examiner familiarity on children’s test performance
was examined. The data for the meta-analysis came from 22
controlled studies involving 1489 subjects. In the typical
study, the effect of examiner familiarity raised test perform-
ance by .28 standard deviations. Differential performance
favoring the familiar examiner condition was greater when
subjects were of low socioeconomic status (SES), were
tested on comparatively difficult tests, and knew the exam-
iner for a relatively long duration. The second study tested
the general hypothesis that test results will be modified by
those aspects of the testing situation which are sometimes
not carefully controlled or are treated as if they were unim-
portant. Thirty-six male subjects in two experimental
groups and one control group were used to study the effects
of perfunctory verbal comments and nonverbal actions on
test results. The findings of the study suggest that such
comments as ‘Good’ or ‘Fine’ and such actions as smiling
and nodding by examiners have a decided effect upon test
results. These data is used as population estimates when
comparing the effect of active coaching and personalized
feedback versus general non-personalized coaching in
Cogmed RM WMT. With a sample size of 50 participants
(25 per group), our trial will have 79% power to find an
effectsize of .40 between groups and a power of 93% to find
an effectsize of .50, when co-variating for WM performance
at baseline level. An unpublished study in a similar patient
group (Roording-Ragetlie S, Klip H, Buitelaar J, Slaats-
Willemse D. Working memory training in children with
neuropsychiatric disorders and borderline intellectual fucn-
tioning; a randomized controlled trial, unpublished raw
data) has shown that four (5%) out 76 participants dropped
out of the study. Therefore we will include 2 extra partici-
pants in this second intervention study. In total, 52 partici-
pants (26 per group) will be included.

Statistical analysis
Statistical analyses of all data will be undertaken using the
SPSS statistical program (SPSS 21.0). Descriptive statistics
will be reported for each variable of interest for the two
groups (active coaching versus general non-personalized
coaching). First univariate analyses will be carried out. An
independent-samples t-test will be run to determine if
there are differences in age, IQ or severity of ADHD or
ASD symptoms (measured with the VISK or AVL

questionnaire) between the two groups. A chi-square test
will be used to examine whether there is an association
between gender, use of medication, whether the interven-
tion occurred in a subject’s home or school and the group
(active coaching versus general non-personalized coaching).
The mean, standard error (SE) and 95% confidence inter-

vals will be computed for each parameter. For the primary
analyses, an analysis-of-variance (ANOVA) will be con-
ducted on the backward block recall task with group (2
levels) as the between-subject factor and time (pre-, post
and follow-up assessment) as the within-subject factor.
The group by time interaction will show the treatment
effect (p < 0.05). For the secondary analyses, a multivariate
ANOVA (MANOVA) will be conducted on the other
neurocognitive, academic and behavioral scales with again
group (2 levels) as the between-subject factor and time
(pre, post and follow-up assessment) as the within-subject
factor. The group by time interaction will reveal the
treatment effect on these variables (p < 0.05). In case of
withdrawal, discontinuation or missing data (if patients have
been missed for any reason (i.e. illness) more than 5 training
sessions), intention to treat analyses will be performed.

Discussion
It is of great importance to undertake a treatment-efficacy
study in this large vulnerable population of children with
MBID and co-occurring psychiatric disorders. Evidence-
based treatment possibilities are scarce for these children,
since they are often excluded from participation in scien-
tific research due to the heterogeneity of the population. If
a less intensive but more prolonged version of the
Cogmed WMT intervention with active coaching and
feedback appears to improve neurocognitive functioning,
academic achievements and/or behavioral problems, it
can be implemented in mental health care and special
education schools as an evidence-based intervention for
children with MBID and neuropsychiatric disorders. Our
study also adds to the literature in that this will be the first
study to compare effects of different types of coaching.
This aspect is of great value, since several studies have
shown significant improvements on both the WM condi-
tion as well as the placebo condition if coaching is not
personalized. Furthermore, a less intensive and more pro-
longed WMT would probably better fit these children and
might result in an increased training benefit and less drop-
out. On the other hand one could argue that 4 training
sessions a week, for a period of 8 weeks, with a shorter
duration of training time a day, is indeed less intensive
than 5 training sessions a week, for a period of 5 weeks,
with a longer duration of training time a day.
Finally, one strength of this study is the double-blind

randomized controlled design, which is the most robust
design in trials attempting to establish efficacy. This de-
sign not only takes into account near transfer effects,
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but also far transfer effects. These effects are measured
up to 6 months after training.
In this study, the second (non-personalized) coaching

condition might be a challenge in clinical practice. Coaches
should not be tempted to give any substantive feedback to
the parent on how to motivate their child when training
difficulties occur. On the other hand, a greater degree of
training dropout might take place when non-personalized
coaching is performed more rigidly. One limitation of this
study is the use of single tasks to assess the generalization
effects of WMT. It remains unclear whether any improved
performance will be due to an acquired underlying ability
and/or reflect practice effects. Therefore the results may
have to be interpreted cautiously.

Abbreviations
ADHD: Attention-deficit/hyperactivity disorder; ANOVA: Analysis-of-variance;
APQ: Alabama Parenting Questionnaire; ASD: Autism spectrum disorder;
AVL: ADHD Questionnaire; in Dutch: ADHD Vragenlijst; BRIEF: Behavior Rating
Inventory of Executive Function checklist; DISC-IV: Diagnostic Interview
Schedule for Children; MBID: Mild to borderline intellectual disabilities; MREC/
METC: Medical research ethics committee (MREC); in Dutch: medisch
ethische toetsing commissie (METC); ODD: Oppositional Defiant Disorder;
RCT: Randomized controlled trial; SCQ: Social Communication Questionnaire;
STM: Short-term memory; VISK: Social behavior questionnaire; in Dutch:
Vragenlijst voor Inventarisatie van Sociaal gedrag van Kinderen; WM: Working
memory; WMT: Working memory training

Acknowledgements
Karakter, child and adolescent psychiatry in the Netherlands, will give the
authors the opportunity to conduct this study, with respect to time investment.

Funding
This project is funded by the Netherlands Foundation for Mental Health
(Antonia Wilhelmina). This funding source was involved in the design of this
study. They will not have any role during its execution, analyses,
interpretation of the data, or decision to submit results.

Availability of data and materials
All study data will be handled confidentially. After the selection period, a
code number will be given to each subject. A list of code numbers will be
stored by the principal investigator and will not be accessible for any of the
researchers of this study. The code numbers will further identify the subjects
and their treatments, documents, etc. The principal investigator will keep a
record relating the names of all subjects that have given their informed
consent, to their code numbers, to allow easy checking of data in subject
files, when required. This record will also include dates of subject enrolment
and completion, as well as subjects who could not be randomised for
whatever reason. Data will be archived for at least 15 years according to
Good Clinical Practice (GCP). Access to the trial dataset is restricted to the
research team. Consent to share raw data with outside parties will not be
obtained, unless requested by relevant authorities.

Authors’ contributions
SR, HK, JB and DS wrote the current manuscript. SR is the PhD candidate
running the study primary in a period of 2 years and will be responsible for
collecting and analyzing the data. SR is the lead author. All other authors are
supervisors, co investigators and edited the current manuscript. DS is principal
investigator, HK made substantial contribution to the statistics an JB has been
involved in revising the manuscript critically for important intellectual content.
All authors have provided comments, read and approved the final manuscript.

Competing interests
All authors declare that they have no competing interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate
We adhered to SPIRIT guidelines. The Medical Research and Ethics Committee
(MREC) of Radboud University in The Netherlands has approved this study,
registered under NL52647.091.15/METC2015–1618. All amendments will be
notified to the METC. Consent to participate will be obtained from all
participants. Also, parental consent will be obtained for all study participants.

Administrative information
Protocol identifier: Version 5, date: June 2016.
Funder: The Netherlands Foundation for Mental Health (Antonia Wilhelmina).
Correspondence: B. Roelands, Stationsplein 125.
3818 LE Amersfoort, T + 31 33–421 84 10.
Trial registration database: Dutch Trial Register.
Trial registration: NTR5223.
Registration date: 06–09-2015.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Karakter Child and Adolescent Psychiatry, Nijmegen, The Netherlands.
2Department of Cognitive Neuroscience, Radboud University Medical Centre,
Donders Institute for Brain, Cognition and Behaviour, Nijmegen, The
Netherlands. 3Centre for Cognitive Neuroimaging, Donders Institute for Brain,
Cognition and Behaviour, Radboud University Nijmegen, Nijmegen, The
Netherlands. 4Department of Psychiatry, Radboud University Medical Centre,
Donders Institute for Brain, Cognition and Behaviour, Nijmegen, The
Netherlands. 5Karakter Child and Adolescent Psychiatry, Utrechtseweg 320,
6862 BC Oosterbeek, The Netherlands.

Received: 28 June 2016 Accepted: 17 March 2017

References
1. Strømme P, Diseth TH. Prevalence of psychiatric diagnoses in children with

mental retardation: data from a population-based study. Dev Med Child
Neurol. 2000:266–70.

2. Shinaver CS, Entwistle PC, Söderqvist S. Cogmed WM training: reviewing the
reviews. Appl Neuropsychol Child. 2014;3:163–72.

3. Chacko A, Feirsen N, Bedard AC, Marks D, Uderman JZ, Chimiklis A. Cogmed
working memory training for youth with ADHD: a closer examination of
efficacy utilizing evidence-based criteria. J Clin Child Adolesc Psychol.
2013;0:1–15.

4. Söderqvist S, Nutley SB, Ottersen J, Grill KM, Klingberg T. Computerized
training of non-verbal reasoning and working memory in children with
intellectual disability. Front Hum Neurosci. 2012;6:1–8.

5. Van der Molen MJ, Van Luit JEH, Van der Molen MW, Klugkist I, Jongmans
MJ. Effectiveness of a computerized working memory training in children
with mild intellectual disabilities. J Intellect Disabil Res. 2010;54:433–47.

6. Danielsson H, Zottarel V, Palmqvist L, Lanfranchi S. The effectiveness of
working memory training with individuals with intellectual disabilities – a
meta-analytic review. Front Psychol. 2015;6:1–10.

7. Hodgson K, Hutchinson AD, Denson L. Nonpharmacological treatments for
ADHD. A meta-analytic review. J Atten Disorders. 2014;18:275–82.

8. Sonuga-Barke EJS, Brandeis D, Cortese S, Daley D, Ferrin M, Holtmann M,
et al. Nonpharmacological interventions for ADHD: systematic review and
meta-analyses of randomized controlled trials of dietary and psychological
treatments. Am J Psychiatry. 2013;170:275–89.

9. Rapport MD, Orban SA, Kofler MJ, Friedman LM. Do programs designed to
train working memory, other executive functions, and attention benefit
children with ADHD? A meta-analytic review of cognitive, academic, and
behavioural outcomes. Clin Psychol Rev. 2013;33:1237–52.

10. Van Dongen-Boomsma M, Vollebregt MA, Buitelaar JK, Slaats-Willemse D.
Working memory training in young children with ADHD: a randomized
placebo-controlled trial. J Clin Child Adolesc Psychol. 2014;55:886–96.

11. Mawjee K, Woltering S, Lai N, Gotlieb H, Kronitz R, Tannock R. Working
memory training in ADHD: controlling for engagement, motivation, and
expectancy of improvement (pilot study). J Atten Disorders. 2014:1–13.
doi:10.1177/1087054714557356.

Roording-Ragetlie et al. BMC Psychiatry  (2017) 17:114 Page 8 of 9

http://dx.doi.org/10.1177/1087054714557356


12. Richtlijn Effectieve Interventies LVB. Utrecht: Landelijk Kenniscentrum LVG;
2011.

13. American Psychiatric Association. Diagnostic and statistical manual of
mental disorders. 4th ed. Washington, DC: American Psychiatric Association
Press; 2000.

14. American Psychiatric Association. Diagnostic and statistical manual of
mental disorders. 5th ed. Washington, DC: American Psychiatric Association
Press; 2013.

15. Shaffer D, Fisher P, Lucas CP, Dulcan MK, Schwab-Stone ME. NIMH
diagnostic interview schedule for children version IV (NIMH DISC-IV):
description, differences from previous versions, and reliability of some
common diagnoses. J Am Acad Child Adolesc Psychiatry. 2000;39:28–38.

16. Berument SK, Rutter M, Lord C, Pickles A, Bailey A. Autism screening
questionnaire: diagnostic validity. Br J Psychiatry. 1999;175:444–51.

17. Kort W, Schittekatte M, Bosmans M, Compaan EL, Dekker PH, Vermeir G,
Verhaeghe P. Wechsler intelligence scale for children-III Nederlandse uitgave
[WISC-III-NL]. Amsterdam: Harcourt Test Publishers; 2005.

18. Alloway TP. Automated working memory assessment. London: Harcourt
Assessment; 2007.

19. Pickering SJ, Gathercole SE. Working memory test battery for children.
Londen: Psychological Corporation; 2001.

20. De Sonneville L. Amsterdamse Neuropsychologische Taken [ANT].
Amsterdam: Boom Testuitgevers; 2009.

21. Zijlstra HP, Kingma A, Swaab H, Brouwer WH. Nepsy-II-nl. Enschede:
Ipskamp; 2010.

22. Brus BT, Voeten MJM. Eén minuut test. Nijmegen: Berkhout; 1973.
23. De Vos T. Tempo Test Rekenen. Lisse: Swets Test Publishers; 1992.
24. Frick PJ. The Alabama parenting questionnaire: University of Alabama; 1991.
25. Luteijn E, Minderaa R, Jackson S. Vragenlijst voor Inventarisatie van Sociaal

gedrag Kinderen [VISK]. Amsterdam: Pearson Assessment and Information B.
V; 2002.

26. Scholte EM, Van der Ploeg JD. AVL ADHD-vragenlijst. Houten: Bohn Stafleu
van Loghum; 2005.

27. Smidts D, Huizinga M. Executieve Functies Gedragsvragenlijst [BRIEF].
Amsterdam: Hogrefe Uitgevers; 2009.

28. Fuchs D, Fuchs LS. Test procedure bias: a meta-analysis of examiner
familiarity effects. Rev Educ Res. 1986;56:243–62.

29. Wickes Jr TA. Examiner influence in a testing situation. J Consult Psychol.
1956;20:23–6.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Roording-Ragetlie et al. BMC Psychiatry  (2017) 17:114 Page 9 of 9


	Abstract
	Background
	Methods/design
	Discussion
	Trial registration

	Background
	Aims

	Methods
	Approval
	Design
	Setting
	Recruitment
	Inclusion and exclusion criteria
	Inclusion
	Exclusion
	Randomization
	Cogmed WMT

	Interventions
	Condition 1: A less intensive and prolonged version of Cogmed WM training with active coaching and personalized feedback
	Condition 2: A less intensive and prolonged version of Cogmed WM training without active coaching and personalized feedback, only general non-personalized coaching

	Measures and procedures
	Sample size
	Statistical analysis

	Discussion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Administrative information
	Publisher’s Note
	Author details
	References

