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Abstract Computerized working memory and executive
function training programs designed to target specific
impairments in executive functioning are becoming increas-
ingly available, yet how well these programs generalize to
improve functional deficits in disorders, such as attention-
deficit/hyperactivity disorder (ADHD), beyond the training
context is not well-established. The aim of this study was to
examine the extent to which working memory (WM)

training in children with ADHD would diminish a core
dysfunctional behavior associated with the disorder, “off-
task” behavior during academic task performance. The effect
of computerized WM training (adaptive) was compared to a
placebo condition (nonadaptive) in a randomized, double-
blind, placebo-controlled design in 26 children (18 males;
age, 7 to 14 years old) diagnosed with ADHD. Participants
completed the training in approximately 25 sessions. The
Restricted Academic Situations Task (RAST) observational
system was used to assess aspects of off-task behavior during
the completion of an academic task. Traditional measures of
ADHD symptoms (Conners’ Parent Rating Scale) and WM
ability (standardized WM tests) were also collected. WM
training led to significant reductions in off-task ADHD-
associated behavior on the RAST system and improvement
on WM tests. There were no significant differences between
groups in improvement on parent rating scales. Findings lend
insight into the generalizability of the effects of WM training
and the relation between deficits in WM and off-task behav-
ioral components of ADHD. These preliminary data suggest
WM training may provide a mechanism for indirectly altering
academic performance in children with ADHD.
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Introduction

Nonpharmacological interventions continue to be of great
interest to parents of children with attention-deficit/hyper-
activity disorder (ADHD). Training caregivers in behavioral
procedures for ADHD is well-supported [1–3]; however,
often the treatment does not generalize beyond the clinical
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setting. Newer behavioral treatments are attempting to address
this issue [4], but providing evidence of generalization remains a
challenge for most nonpharmacological therapies for ADHD.
The effects of a relatively new treatment for ADHD, working
memory training (WMT), merits further examination as to its
ability to generalize beyond the direct treatment context, because
initial research in typically developing adults suggests that
WMT directly affects functioning of brain regions, such as the
prefrontal cortex (PFC) and posterior parietal lobe [5–10], as
well as dopamine (a neurotransmitter altered inADHD) receptor
binding [11].

Interventions that target working memory (WM) deficits
are particularly relevant to ADHD due to the presumed
central role WM plays in learning and reasoning. Critical
to classroom learning, WM is the function of actively hold-
ing in mind and manipulating information relevant to a goal
[12]. WM is a core cognitive function essential for academic
performance and achievement, goal attainment, and follow-
ing rules [13–15]. WM was viewed as a limited capacity
system, and thus children with impaired WM often experi-
ence overload during learning activities, hindering their
ability to sustain attention and stay on task [13]. Neuro-
psychological testing reveals moderate-to-marked impair-
ment in WM in children with ADHD, both in initiating
WM and in the limits of storage, particularly in the visuo-
spatial domain [16–24]. These WM deficits may contribute
significantly to inefficient learning, behavioral problems,
executive dysfunction, and the eventual underachievement
that children with ADHD often experience [25–29].

WM was traditionally believed to be a fixed genetic trait,
the capacity of which could not improve through practice
[30]; however, recent studies show that WM can be
improved through intensive training [31–36]. Double-
blind, placebo-controlled studies suggest that participation
in 25 sessions of intensive computerized training signifi-
cantly improves WM performance in children with ADHD
[31–33]. Enhanced performance on nontrained WM tasks
was seen in both visuospatial and verbal WM, and persisted
at 3 months and at 6 months after the end of the training
period, suggesting that improvements after treatment are
durable after an extent of time [31, 33]. Holmes et al. [37]
recently compared the effect of WMT to the effects of stimu-
lant medication on short-termmemory andWM in 25 children
with ADHD. The dose of medication was prescribed by the
treatment provider of the children. The authors found that the
training improved verbal and visuospatial WM and short-term
memory functioning, whereas stimulant medication only
resulted in improvement in visuospatial WM. Furthermore, a
follow-up analysis demonstrated that gains in performance for
visuospatial short-term memory, verbal WM, and visuospatial
WM persisted 6 months after the training concluded.

A recent study of 52 children with ADHD in a wait list,
controlled trial found significant improvement on parent-

rated measures of executive functioning, the Behavior Rat-
ing Inventory of Executive Function (BRIEF), immediately
after training and at a 4-month follow-up [38]. However,
there were no significant changes in teacher ratings in this
study, nor were there any changes in a previous study that
included teacher ratings [33]. These studies demonstrated
partial evidence for the generalization of the training on
more global functioning on parent (but not teacher) ADHD
ratings scales, improved response inhibition functioning,
and complex reasoning, as measured by the Raven’s Pro-
gressive Matrices [32, 33]. Thus, there is some evidence that
computerized cognitive WM training may affect broader
executive functioning.

Neuroimaging studies reveal abnormal PFC and parietal
cortex functioning in children with ADHD during WM tasks
[5–9, 39, 40]. Studies of the neural mechanism of action of
WMT in 2 modestly sized functional magnetic resonance
imaging studies in healthy adults (n03 and n08) in Olesen
et al. [35] and (n03) in Westerberg and Klingberg [41]
suggest that WMT increases brain activity in the PFC and
parietal cortex [35], regions frequently associated with WM
processing and executive functioning in general [42, 43]. A
functional magnetic resonance study of training in ADHD
using a broad package of exercises [44], focusing on
response inhibition and selective attention rather than WM,
found increased frontal, middle temporal, and cerebellar
activity after training. Theoretically, improvement in dopa-
mine functioning, which is altered in ADHD and is targeted
by the most efficacious ADHD pharmacologic treatments
[45], would also enhance the generalization of training
effects. A recent positron emission tomography report of
13 healthy adults [11] found increased density of cortical
dopamine D1 receptor binding in the PFC and parietal
cortex associated with WM training. Thus, training may
improve behavioral and cognitive impairments of ADHD
related to disturbances of the dopamine system [11, 45].
These neuroimaging findings suggest that WM training
may have the potential for improved generalization by tar-
geting core weaknesses involved in executive functioning in
ADHD populations.

The goal of the current study was to explore whether the
effects of computerized WMT would generalize to increase
“on-task” behavior during performance of an academic task.
“Off-task” behavior during homework and “in-seat” aca-
demic assignments is one of the most common reasons
parents of children with ADHD seek evaluations and treat-
ment. Research shows that off-task behavior correlates with
impaired WM in children with and without ADHD [22]. We
used the Restricted Academic Setting Task (RAST), a simu-
lated classroom setting task and observational system that is
a good indicator of the behavioral response of children to
the pharmacological treatment effects for ADHD [46–49].
The RAST quantifies the frequency and type of the off-task
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behavior of a child during academic task performance that
may not be salient in teacher observations. Elevated fre-
quencies of off-task behavior on the RAST correlate with
elevated scores for externalizing behaviors on teacher rat-
ings of ADHD [50] and actometer ratings [51]. The use of a
laboratory measure permitted us to obtain objective out-
comes that are not susceptible to the measurement and
informant bias that would be encountered in a classroom
situation. We selected a task related to performance during
an academic task because ADHD is associated with nega-
tive outcomes in academic achievement, including lower
reading and math achievement scores [52–56], lower high
school completion rates [57], and an alarmingly high use of
special education services [14]. In the current project, we
hypothesized that 25 sessions of intensive, adaptive WM
training would lead to improved on-task behavior during a
simulated academic task (i.e., RAST), traditional WM meas-
ures, and parent ratings of ADHD.

Method

Participants

The research protocol, consent, and assent were approved
by the University of California Davis Institutional Review
Board. Before entering the study, written consent was

obtained from the parent or legal guardian of the participant,
and verbal assent for children under 13 or written assent for
children 13 years and older. The study was conducted in
accordance with the Declaration of Helsinki [58]. Partici-
pants were recruited through the subject tracking and
recruitment system at the institute, by psychologists and
psychiatrists, and through flyers or advertisements that were
posted locally and to a support group.

Thirty-two participants were pre-screened for the study,
thirty were randomized, with 1 participant withdrawing
from the placebo and 3 from the adaptive training condition.
Thus, there were a total of 26 participants completing the
study, including 12 in the active training condition and 14 in
the placebo control condition. For the final sample, partic-
ipants ranged in age from 7 to 14 years of age (active
training mean age, 9.9 years; placebo mean age, 9.6 years)
with no significant differences between groups in either age
or gender composition (see Table 1 for full demographic and
clinical summaries).

Each child and parent or guardian participated in an
evaluation session to determine eligibility for the study
and to establish a baseline score on the preintervention and
postintervention measures. Final determination of eligibility
for the study was conducted by a licensed, Ph.D., psychol-
ogist, based on the following criteria and administered in the
following order: 1) positive phone screening for ADHD and
no exclusions; 2) positive for ADHD using the Diagnostic

Table 1 Sample Demographic
and Clinical Characteristics

Data are summarized as
mean±SD for the continuous
variables and frequency (%) for
the categorical ones.

*Fisher’s exact test (p00.01)

ADHD0attention-deficit/hyperac-
tivity disorder; FSIQ0Full Scale
Wechsler Abbreviated Scale
of Intelligence; WASI0Wechsler
Abbreviated Scale
of Intelligence

Placebo (n014) Treatment (n012) Total (n026)

Demographic characteristics

Gender

Boys 9 (64 %) 8 (67 %) 17 (65 %)

Girls 5 (36 %) 4 (33 %) 9 (35 %)

Age 9.6±2.6 9.9±1.8 9.7±2.2

Race

Caucasian 9 (64%) 8 (67%) 17 (65%)

African American 1 (7%) 1 (8%) 2 (8%)

Asian 3 (21%) 3 (25%) 6 (23%)

American Indian 1 (7%) 0 (0%) 1 (4%)

Ethnicity

Non-Hispanic or Latino 12 (86%) 9 (75%) 21 (81%)

Hispanic, of Spanish origin or Latino 1 (7%) 2 (17%) 3 (12%)

Unknown 1 (7%) 1 (8%) 2 (8%)

Clinical Characteristics

WASI FSIQ 105.4±14.2 107.0±12.3 106.2±13.1

ADHD diagnosis

Combined 6 (43 %) 5 (42 %) 11 (42 %)

Inattentive 8 (57 %) 5 (42 %) 13 (50 %)

Hyperactive/Impulsive 0 (0 %) 2 (17 %) 2 (8 %)

Using medication 2 (14 %)* 8 (67 %)* 10 (38 %)
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and Statistical Manual of Mental Disorders, Fourth Edition,
Text Revision criteria for ADHD (any subtype) using the
Diagnostic Interview for Children and Adolescents —
Parent version; 3) T-score of at least 65 on any of the ADHD
Diagnostic and Statistical Manual scales of the Conners’
Parent Rating Scale-Revised (CPRS-R); and 4) no history
of mental retardation (i.e., IQ > 70) on the Wechsler
Abbreviated Scale of Intelligence (WASI). Further informa-
tion was gathered on each child to document relevant char-
acteristics, including medication history and presence of a
learning disability. Learning disability status was assessed
using standardized achievement tests (Woodcock Johnson,
Third Edition) to assess academic functioning and the pres-
ence of an academic learning disability. A learning disability
was diagnosed as the presence of a significant IQ achieve-
ment discrepancy (defined as 1.5 SD) and also low achieve-
ment (i.e., standard score <80 on a Woodcock Johnson,
Third Edition subtest) test. Parents completed a demo-
graphic form providing general information regarding the
participant (e.g., age, education; parents’ age and educa-
tion). Conners’ Teacher Rating Scale-Revised (CTRS-R)
were obtained to supplement parent ratings for establishing
the diagnosis when available; however, because many
teachers were not available to complete the ratings (e.g.,
many children were recruited during the summer break) or
did not return the scales; there were an insufficient number
of scales to be used as an outcome measure). Children with a
diagnosis of the following were excluded: severe mental
illness (i.e., psychotic, bipolar, or major depressive disorder,
by history or clinical interview) or autism spectrum disor-
ders. Inclusion in the study also required reliable access to
the internet, and parents and children who were fluent in
English. Parents were informed at the time of consent that
we expected them not to change their child’s medication (or
start medication if they were not taking medication) or
engage in any other treatment during the course of the study.
This was deemed feasible because the intervention phase
was relatively short. Parents were instructed that treatment
changes could occur if it became medically necessary in
emergency conditions.

Study Design

After screening, participants were randomly assigned to
either the treatment (adaptive WM training) or to the control
placebo (nonadaptive) condition using a computerized gen-
erated random number sequence. Throughout the study,
both the participants and researchers remained blind to the
condition assigned to the participant. The coach, who had
contact with participants during the study, was not involved
in the random assignment, in testing on any outcome or
screening measures, or in the data analytic components of
the study.

Outcome Measures

The primary measure of efficacy was change between the
RAST score at the pre-WMT baseline assessment and the
RAST score during the post-WMT assessment. The RAST
score is used to assess the effects of pharmacological treat-
ment, as it permits an objective measure of behavior in a
controlled laboratory setting [59]. The RAST provided
information regarding the frequency of off-task behaviors
during performance on an academic task on 5 areas (i.e., off-
task, “out-of-seat,” “fidgets,” “vocalizes,” and “plays with
object”). The RAST is sensitive to moment-to-moment off-
task behavior that a teacher or parent may be unlikely to
detect.

The RASTwas administered before and after training with
participants videotaped through a 1-way mirror during the
session. At the beginning of the task, the child was asked to
sit at a table and play independently with a game or toy of his
or her choice. After 5 minutes, the researcher entered the
room, moved the game or toy to the side and told the child
to complete a series of academic worksheets (e.g., math prob-
lems) for 15minutes. The academic worksheets were at least 1
grade level below the current grade level of the child or his or
her ability (based on achievement testing). Thus, the aim of
the worksheets was to absorb the child’s attention without
being overly demanding from an academic perspective.
Before leaving the room, the researcher instructed the child
not to leave his or her choice seat or to touch any of the games
or toys. The observer recorded (tallied) the occurrences of the
following behaviors every 30 seconds: off-task (looks away
from paper), out-of-seat (leaves chair), fidgets (repetitive pur-
poseless motion), vocalizes, and plays with object (“touches
any object in the room unrelated to the task”) [60].

A single rater scored the observations of all the partic-
ipants; the rater was trained by an experienced RAST coder
on how to code the behaviors on the RAST, which the rater
did for each participant. Then 20 % of the RAST data were
scored by a second trained RAST coder to verify reliability
in the RAST scoring. Both coders were blind to group
membership. The agreement between the 2 raters was excel-
lent across all categories with kappa at least 0.95 in all
categories: off-task00.95, plays with object01.00, out-of-
seat00.97, fidgets00.96, and vocalizes00.96.

The working memory Index (WMI) from the Wechsler
Intelligence Scale for Children, Fourth Edition (WISC-IV)
assessed change in WM performance. This index includes
the Digit-Span and Letter-Number Sequence subtests. The
CPRS-R served as an additional outcome measure.

Intervention

Each participant was required to complete 90 trials of WM
Cogmed (http://www.cogmed.com) tasks a day for 25 days.
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Typically, this could be accomplished within 40 minutes per
day but some participants may have finished the session in
as short as 25 minutes. Each participant received the pro-
gram either on a CD or via e-mail containing a software
download link to the program. The children used the pro-
gram on their personal computers at home. Researchers
instructed parents to supervise his or her child as they each
performed the tasks.

The Cogmed training includes 10 verbal and visuospatial
WM span tasks. Some tasks are both auditory and visual in
nature, requiring cross-modal processing. During each ses-
sion, participants choose 6 of 8 presented tasks. During the
active training condition, for each task, the difficulty level
automatically adjusts to match the WM span of the child.
The difficulty level gradually increased when the child
answered correctly on consecutive trials and decreased when
the child answered incorrectly on consecutive trials. The tasks
require good attention and tracking ability, as some stimuli
move on the screen. In the placebo control-nonadaptive con-
dition, the same tasks were used, but the difficulty level
remained low (2 or 3 numbers/items at maximum) throughout
all of the training sessions. These similar versions controlled
for nonspecific effects of the training procedure and enabled
us to attribute any improvement in ADHD-related behaviors
and WM exclusively, due to the effect of training WM.

Coaching was used to enhance compliance with complet-
ing the sessions for both the placebo and training condition.
The same licensed clinical psychologist coached all partic-
ipants during each week of training on the telephone at least
once a week. Coaching involved answering questions
regarding the use of the computer program and trouble-
shooting software issues, general feedback for the use of the
program, and addressing parental concerns of how to engage
their child in the training protocol. Coaching was kept to a
minimum so as to reduce any possible differences between
groups in amount or type of feedback. The coach had access
via the internet to the frequency of use and performance on the
computer tasks. The software is programmed to provide par-
ticipants with auditory and visual feedback after each trial,
which informs them of whether they were correct or incorrect.
The program also included an optional reward game at the end
of each training session that most subjects reported enjoying.
The feedback and the rewarding game at the end of the session
were provided for participants in both groups.

Statistical Analysis

Group differences in demographic and clinical character-
istics were assessed using Fisher’s exact tests for the cate-
gorical variables and two sample t tests (or appropriate
nonparametric tests if the data violated the assumption of
normality) for the continuous ones. The RAST provides
continuous scores on each subscale; however, the

distributions for vocalizes, plays with object, and out-of-
seat were strongly skewed to the right and had a spike at 0,
thus neither the normal distribution, nor count distributions
were applicable to these data. Therefore, we dichotomized
each of them into behavior being present or absent for the
entire 15-minute duration of the task. A Generalized Linear
Models [61] approach was used to analyze all dependent
variables because it is appropriate for both outcomes that
were not normally distributed (e.g., vocalizes, plays with
object, and out-of-seat) and for those outcomes normally
distributed (e.g., off-task, fidgets, and WMI). This method
takes into account the correlated structure of the data due to
repeated assessments in time and allows for missing obser-
vations. The goals of the statistical models were to estimate
change in the outcome variables for the course of the study
and to test whether the treatment group was related to either
initial level or rate of change in the dependent variables.
Thus, for each of the dependent variables, we first fitted a
model with a main effect for the treatment group (placebo or
active WM training), time (pre- and post-intervention), and
their interaction, a term for medication use, and a random
effect for the child, to account for the correlation due to
repeated measures on the same individual. A significant
group by time interaction indicates that the change in out-
come from pre- to post-intervention differs between the 2
treatment groups. After fitting this initial model, we exam-
ined another set of models, in which a term for mathematical
ability was added and tested to investigate its effect on the
outcome variables. A variable was considered to be a sig-
nificant predictor in the model if its significance level
exceeded 0.05. All analyses were implemented using PROC
GENMOD and GLIMMIX in SAS (SAS Institute, 2002–
2010, Carey, NC, USA), version 9.2.

Results

The treatment group included a significantly greater number
of participants with actively prescribed medication for
ADHD (n=8) than the comparison group (n=2) using
Fisher’s exact test (p00.01). Preliminary analyses compared
the baseline levels of RAST behaviors and WMI between
the medicated and nonmedicated children. Use of medica-
tion was not associated with better performance on any of
these measures. Furthermore, medication use was included
as a covariate in all statistical analyses, but it did not have a
significant effect on any of the RAST behaviors or WMI.
The groups had similar full scale IQ, as assessed by the
Wechsler Abbreviated Scale of Intelligence, with a mean of
107.0±12.3 SD) for the active treatment group and a mean
of 105.4±14.2 SD) for the placebo group. There were an
insufficient number of subjects from each ADHD subtype to
explore, if there were any differences due to subtype in
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response to training. There was 1 participant who was
diagnosed with an academic learning disability (n01, writ-
ing) who was in the placebo condition. Participants in the
placebo group completed the training in a mean time of
23.57 days ±2.34 SD), and the adaptive training condition
in a mean time of 24.33 days ±1.92 SD), with a range of
training between 20 and 27 days.

Restricted Academic Setting Task

Table 2 summarizes RAST behaviors for the 2 groups: 1)
pre-intervention and 2) post-intervention. As depicted in
Fig. 1, the off-task behavior was similar in the 2 groups (p0
0.29) pre-intervention, but the active treatment group had a
sharp decline in looks away behavior post-intervention,
whereas the placebo group maintained the pre-intervention
levels. The interaction term between group and time was
significant, and the difference in improvement between the 2
groups was 12.3 points (±4.6 SE; p00.01). There were no
significant training effects on fidgeting, with both groups
maintaining the observed pre-intervention levels (difference
in improvement 0.9; ±3.9 SE; p00.81). Next, we analyzed the
RASTsubcategories occurring less frequently for both groups
(the group plays with object, and the group vocalizes and out-
of-seat) by treating them as binary outcomes. We found that
training led to a reliable decrease in the plays with object
behavior. The interaction term between group and time was
significant (estimate, 3.4; p00.04). Although children in the
placebo group displayed similar rates of this behavior pre- and
post-intervention, those in the active treatment had a signifi-
cant drop post-treatment (with only 1 of 12 children showing
this behavior after intervention). There were no significant

differences in either baseline levels or changes as a result of
training for both out-of-seat and vocalizes behaviors.

Nontrained WMT

To examine whether training effects transferred to nontrained
WM tasks, we analyzed the effect of the training on the WISC
WMI. There were no significant differences between the 2
groups pre-intervention. As hypothesized, there was a signifi-
cant interaction between group and time (see Table 3). As
shown in Fig. 2, this interaction was driven by a significant
improvement onWM tests in the treatment group that was not

Table 2 Summary for the Behaviors in the Restricted Academic Setting Task, Pre- and Post-Intervention

Treatment group Difference in improvement
between active and placebo*

Placebo Active Treatment Estimate (SE) F Value† p Value

Pre-intervention Post-intervention Pre-intervention Post-intervention

Continuous outcomes, Mean±(SD)

Off-task 22.7±9.5 SD 22.7±9.0 SD 26.2±11.8 SD 13.9±6.7 SD 12.3±4.6 SE 7.10 0.01

Fidgets 19.1±9.2 SD 18.5±8.8 SD 18.1±11.8 SD 16.5±8.8 SD 0.9±3.9 SE 0.06 0.81

Binary outcomes,‡ frequency (%)

Out-of-seat 8 (57 %) 7 (50 %) 9 (75 %) 5 (42 %) 1.2±1.2 SE 0.97 0.33

Vocalizes 10 (71 %) 6 (43 %) 7 (58 %) 5 (42 %) −0.6±1.2 SE 0.23 0.63

Plays with objects 8 (57 %) 7 (50 %) 9 (75 %) 1 (8 %) 3.4±1.5 SE 4.99 0.04

*All models controlled for use of medication
†All F statistics have 1, 24 degrees of freedom
‡The behavior in these categories was dichotomized into behavior present or absent, as these variables had an excessive number of zeros. Entries in
table indicate number (%) of children displaying the behavior

Fig 1 Average and 95 % confidence intervals for the number of 30-
second intervals of children engaged in off-task behavior during the
Restricted Academic Situations Task (RAST) pre- and post-
intervention for the 2 treatment conditions
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present in the placebo group (difference in improvement
between active and placebo=8.4±3.3 SE; p00.02).

Rating Scales

The placebo group was rated an average t-score of 78.1±8.3
SD at baseline and 70.9±8.3 SD post-treatment on the ADHD
Index of the CPRS-R. The average t-score on the ADHD
Index of the CPRS-R in the WM training group was 72.5±
7.5 SD at baseline and 67.0±12.2 SD after treatment. Thus,
the parent ratings on the CPRS-R ADHD Index decreased
significantly with time for both the placebo and the active
training condition, but the improvement was similar in the 2
groups (estimated difference0− 1.3; ±4.0 SE; p00.74).

Discussion

This placebo-controlled, randomized, and double-blind
study of WM training for children with ADHD is the first,

to our knowledge, that demonstrates improved performance
in an ecologically valid laboratory measure of observable
ADHD-associated behaviors. Our primary measure (i.e., the
RAST) quantifies subtle improvements in performance.
Training had the greatest effect on the category in which
the highest rate of behavior occurred, specifically, the off-
task category, which is measured by whether the child looks
away from the worksheets. This measure might be most
related to attention. The influence of training on these cat-
egories, particularly the off-task category, is significant
because inattention is often considered to be a primary issue
in both the inattentive and combined subtypes of ADHD,
and is related to academic functioning. We also saw a
reduction in the plays with objects category. There may
have been some overlap between the off-task and plays with
objects categories, although it is conceivable that a child
could hold or touch a nontask related object while maintain-
ing attention to the worksheets.

Although prior studies have found that WM training led
to significant improvements on the CPRS-R [33, 38] short
form, we found that both our placebo and active treatment
group improved, without significant differences between the
groups, when we administered the CPRS long form. One
primary difference between our study and the Klingberg et
al. [33] study is that the majority of our participants in the
adaptive training condition were prescribed stimulant med-
ication, whereas none of the participants in the Klingberg et
al. [33] study were taking stimulant medication. Thus, it is
possible that there was less room to show improvement on
the rating scale for our participants. Consistent with this, our
baseline CPRS-R ratings for children in the treatment group
were lower than those in the placebo group. However, we do
note that the Beck et al. [38] study was similar to ours in that
many of their participants were prescribed stimulant medi-
cation. Other differences between our sample and those of
Beck et al. [38] and Klingberg et al. [33] may have also
affected the sensitivity to detect change on the parent rating
scales. For example, those samples included participants
with a higher preponderance of comorbid disorders and
the inattentive subtype, whereas our sample did not. The

Table 3 Summary for the WISC WM Index, Pre- and Post-intervention

Treatment group mean (SD) Difference in improvement
between active and placebo*

Placebo Active treatment Estimate (SE) F Value† p Value

Pre- Post- Pre- Post-

WISC WMI composite‡ 90.0±10.1 SD 88.0±13.5 SD 95.9±10.6 SD 102.3±9.1 SD 8.4±3.3 SE 6.67 0.02

WISC0Wechsler Intelligence Scale for Children-IV; WMI0working memory index

*All models controlled for use of medication
†F statistic has 1; 24 degrees of freedom
‡One observation missing in the placebo group

Fig 2 Average and 95 % confidence intervals for the Wechsler Intelli-
gence Scale for Children (WISC) Working Memory Index (WMI)
scaled score pre- and post-intervention for the 2 treatment conditions
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Klingberg et al. [33] study found a significant improve-
ment on the Oppositionality scale of the Conners’ Scale, yet
because we did not have a high rate of oppositional behavior
in our sample, we would be less likely to show improvement
on that measure in our participants.

Future studies could measure the effect of the training on
off-task behavior of the child in his or her own classroom
(see the Achenbach System of Empirically Based Assess-
ment Direct Observation Form); however, there would be
less standardization between the data acquisition periods in
comparison to the RAST procedure. Limitations in teacher
ratings also may exist, as the attention of teachers, dispersed
among a group of students, is often selectively pulled
toward behavioral management. Thus, teachers may not be
sensitive in detecting positive changes in on-task behavior
and may be less objective in light of having already formed
a general impression of the behavioral patterns of the child.
The absence of measurable effects of WM training on
teacher ratings in previous studies is a notable limitation of
the training.

The training did lead to improvement on the WISC-IV
WMI, a widely used standardized WM measure. This
improvement was only observed in the training group.
Subtests that comprise the WMI, the Letter-Number
Sequencing and Digit Span, are similar to the training exer-
cises, and thus, improvement on this measure was not unex-
pected. We recommend that future studies assess academic
performance and achievement, planning, goal attainment,
and following rules [13–15] as outcome measures, as they
are all associated with WM performance and represent chal-
lenges for persons with ADHD.

The training program (i.e., Cogmed) that we used is
associated with increases in PFC and parietal lobe activity,
and in dopamine D1 receptor binding in healthy adults
[11]. Both PFC and dopamine are associated with the gen-
eral category of executive functioning and learning, and
may be responsible for the generalization to nontrained
behavior. The training also includes delivery of rewards
for correct performance, which likely acts on the basal
ganglia, although both training and placebo groups would
have received rewards. Stimulant treatment, such as
methylphenidate, is known to act directly on brain regions
associated with disrupted dopamine reward pathways in
ADHD [62, 63] and may be responsible for the global
effects seen with stimulant treatment in ADHD. Under-
standing and comparing the effects of treatments that
directly manipulate dopaminergic functioning via pharma-
cological approaches versus delivering of conditioned
rewards as feedback within the training system have not
been conducted. Such comparisons have the potential to
improve how nonpharmacological treatments are used for
disorders associated with reward dysfunction, such as
ADHD [64] or schizophrenia [65].

Although our study found a significant effect of WM
training on ecologically valid measures, several limitations
should be noted. A greater number of participants had been
prescribed stimulant medication in the training group than in
the placebo groups, and this may be a potentially confound-
ing variable to consider. Thus, we are not able to determine
if an interaction between medication and WM training may
have influenced the findings. Furthermore, although parents
of participants were told not to change their treatment regi-
men, 1 participant in the treatment condition was on medi-
cation at pre-testing and discontinued medication during the
treatment and at post-testing. Participants in the placebo
condition likely received more positive feedback than did
participants in the training condition. Future studies could
use a yoked design with participants receiving an equivalent
degree of feedback. Our sample size was also quite modest
and replications in larger samples are warranted. Compar-
isons between dropout rates of participants for training
exercises versus another treatment or placebo should be
explored, as we noted a slightly higher dropout rate for the
training (n03) versus placebo (n01) groups.

Interventions that have the potential to improve WM and
on-task behavior in academic-related performance are crit-
ical to ADHD because of their pivotal importance to success
in academic settings. Given that available services for child
psychiatric treatment are limited in many areas, and, when
they are available, they are frequently underused by families
who require treatment of a child with ADHD, the potential
availability of computerized WM training in a school setting
is especially appealing. Nonadherence with treatment rec-
ommendations in ADHD ranges from 20 to 90 % [66, 67],
with nonadherence by parents partly due to concerns regard-
ing the possible negative effects of medication. Treatments
that may reduce the dose for medication can fill an impor-
tant niche for parents who are averse to pharmacological
interventions. How well WMT performs in comparison to
traditional treatments over extended periods for ADHD at
this time, however, is not known.

Subsequent studies should address the potential for training
to enhance WM in larger samples of ADHD. Future research
should also isolate the effect of medication status on the
treatment effect to investigate if there is a synergistic effect
of medication and WM training. Direct comparative efficacy
studies comparing medication and other treatments for ADHD
(e.g., parent training) to WMT should be conducted to further
guide research and practitioners. Furthermore, the underlying
neural changes associated with WM training are not well
understood. Additional neuroimaging studies are needed to
examine the effects of training on brain activation patterns, the
neurochemical effects of training, and if ADHD subtype or
comorbidity affects the efficacy of WMT programs.

Finally, future studies should examine the effects of
combined WM training plus ADHD behavioral coaching

Green et al



aimed at skill building and maintenance of skills to address
specific impairments in ADHD. The current study suggests
that brief, WMT can generalize to improve nontrained
ADHD-related impairments; however, future training pro-
grams may be improved by developing modules that can be
individually tailored to target additional impairments that
children and adults with ADHD experience.
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