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difficulties, but robust evidence from population-level randomized controlled clinical trials is
lacking.
OBJECTIVE To test whether a computerized adaptive working memory intervention program
improves long-term academic outcomes of children 6 to 7 years of age with low working
memory compared with usual classroom teaching.
DESIGN, SETTING, AND PARTICIPANTS Population-based randomized controlled clinical trial of
first graders from 44 schools in Melbourne, Australia, who underwent a verbal and
visuospatial working memory screening. Children were classified as having low working
memory if their scores were below the 15th percentile on either the Backward Digit Recall or
Mister X subtest from the Automated Working Memory Assessment, or if their scores were
below the 25th percentile on both. These children were randomly assigned by an
independent statistician to either an intervention or a control arm using a concealed
computerized random number sequence. Researchers were blinded to group assignment at
time of screening. We conducted our trial from March 1, 2012, to February 1, 2015; our final
analysis was on October 30, 2015. We used intention-to-treat analyses.
INTERVENTION Cogmed working memory training, comprising 20 to 25 training sessions of

45 minutes’ duration at school.
MAIN OUTCOMES AND MEASURES Directly assessed (at 12 and 24 months) academic
outcomes (reading, math, and spelling scores as primary outcomes) and working memory
(also assessed at 6 months); parent-, teacher-, and child-reported behavioral and
social-emotional functioning and quality of life; and intervention costs.
RESULTS Of 1723 children screened (mean [SD] age, 6.9 [0.4] years), 226 were randomized
to each arm (452 total), with 90% retention at 1 year and 88% retention at 2 years; 90.3% of
children in the intervention arm completed at least 20 sessions. Of the 4 short-term and
working memory outcomes, 1 outcome (visuospatial short-term memory) benefited the
children at 6 months (effect size, 0.43 [95% CI, 0.25-0.62]) and 12 months (effect size, 0.49
[95% CI, 0.28-0.70]), but not at 24 months. There were no benefits to any other outcomes;
in fact, the math scores of the children in the intervention arm were worse at 2 years (mean
difference, −3.0 [95% CI, −5.4 to −0.7]; P = .01). Intervention costs were A$1035 per child.
CONCLUSIONS AND RELEVANCE Working memory screening of children 6 to 7 years of age is
feasible, and an adaptive working memory training program may temporarily improve
visuospatial short-term memory. Given the loss of classroom time, cost, and lack of lasting
benefit, we cannot recommend population-based delivery of Cogmed within a screening
paradigm.
TRIAL REGISTRATION anzctr.org.au Identifier: ACTRN12610000486022
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L

ow academic achievement is a major public health issue because it is prevalent,1,2 alters the life opportunities of individuals via poorer mental and physical health
and financial hardship,3-6 and threatens the economic and societal functioning of nations. By the time it becomes evident,
low academic achievement is often entrenched, and it may be
too late to intervene.1,7,8 Preventing low academic achievement
is a public health priority,9,10 but solutions remain elusive.
Novel interventions that can be widely applied can be attractive, even in the absence of evidence of long-term benefits and cost-effectiveness. One such approach is “brain training” to improve working memory, a cognitive function
responsible for temporarily storing and manipulating information needed to support learning.11-13 Children with low working memory often fail classroom activities12 and are at high risk
of low academic achievement.14,15 For example, more than 90%
of children 6 to 7 years of age with reading difficulties have low
working memory,16 and children with mathematical difficulties are more likely than their peers to have low working
memory,17 and this association persists after adjusting for IQ.11
Children at educational risk can be identified at school entry
on the basis of low working memory scores.15
Commercially available computerized programs to improve
working memory or cognition are widely implemented, despite
a lack of supporting evidence. The cognitive training program “Elevate” was ranked by Apple as the best iPhone app in 2014, and
the cognitive training sector has been forecast to profit by more
than $500 million internationally in 2015. Administered to tens
of thousands of clients each year, the Cogmed Working Memory
Training program (Pearson) is the most widely used and evaluated working memory training program. Randomized clinical
trials have shown the benefits to working memory for children
with attention-deficit/hyperactivity disorder18,19 and for other
clinical and nonclinical populations.20-22 The benefits of training may transfer to other cognitive domains,23 academic
functioning,22,24 and behavior.25-27 Cognitive training may induce neuroplasticity, such as increased activation in the frontal
and parietal areas of the brain,28 and increased connectivity of
key components of the attentional control network at rest.29
While there is evidence for short-term working memory
enhancement following Cogmed,25,30 there are no rigorous randomized clinical trials with large samples and long-term followup, nor is there any consistent evidence of long-term transfer
effects on educational attainment.26,30-32 Furthermore, the economic and opportunity costs of implementation of a working
memory training program as a population-level prevention
strategy are unknown, calling the effectiveness of working
memory training programs into question.33
To our knowledge, we report the first large-scale population-based randomized clinical trial of a working memory intervention for children 6 to 7 years of age screened as having
low working memory. We aimed to (1) determine the efficacy
of Cogmed, at 12 and 24 months, on reading, spelling, and
mathematics (our primary outcome measured at 12 months)
and a broad range of secondary outcomes for these children
(the intervention arm) compared with children receiving the
usual classroom education (the control arm), and (2) evaluate
the costs and benefits.
E2

Key Points
Question: Compared with usual classroom teaching, does a
computerized adaptive working memory intervention program
(Cogmed) improve long-term academic outcomes in children 6 to
7 years of age who were determined to have low working memory
after a population screening?
Findings: Although there was a temporary benefit to visuospatial
short-term memory, our population-based randomized controlled
clinical trial showed that there was no improvement in reading,
spelling, or mathematics in the intervention group compared with
the control group at 12 and 24 months after randomization.
Meaning: Given the loss of classroom time, the cost, and the lack
of a lasting benefit, we cannot recommend the population-based
delivery of Cogmed within a screening paradigm.

Methods
Design and Setting
We have previously reported our trial protocol (Supplement
1).34 The Memory Maestros study35 is a population-based randomized controlled clinical trial comparing a computerized
working memory intervention (Cogmed) with usual classroom teaching in Grade 1 students with low working memory
(Grade 1 refers to the second year of formal primary school education in Victoria, Australia). Figure 1 shows the CONSORT
diagram, and Figure 2 shows a graphical representation of the
trial. Approval was obtained from the Human Research Ethics Committee at the Royal Children’s Hospital in Melbourne,
Australia, the Victorian Department of Education and Training, and the Catholic Education Office. All parents provided
written informed consent.
Grade 1 students from 44 primary schools in metropolitan Melbourne (with a population of 4.1 million in 2012), Australia, participated. Schools were approached according to a
random sequence that was generated to recruit a sample representative of each of the 3 Victorian school sectors (government, Catholic, and independent) and from a range of sociodemographic backgrounds.

Eligibility and Recruitment
Recruitment was carried out over all 4 terms of the 2012 school
year (from February to December). Screening and intervention occurred in succession within each school. Teachers sent
home recruitment packets containing a baseline questionnaire, information statement, and consent form. We simultaneously obtained consent to screen the working memory of
the child and, in the event of it being low, consent for the child
to enroll in the trial and follow-up.
Research assistants administered a 10-minute computerized working memory screening during school hours to each
child whose parents had consented, within 2 weeks of completing the baseline questionnaire. Children were classified as
having low working memory if their scores on either the Backward Digit Recall or Mister X subtest from the Automated Working Memory Assessment were below the 15th percentile, or if
both scores were below the 25th percentile.36 The cut points
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Figure 1. CONSORT Diagram of Participant Flowchart
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1761 Consented to participate

452 Were eligible and
randomized for trial
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were based on internally generated percentile ranks because
our sample was much larger than the Automated Working
Memory Assessment normative sample. Eligibility cut points
were revised midyear, to reflect the developmental progression in working memory over time.35
Children with low working memory were eligible to be randomized. We excluded children with disabilities (eg, cerebral
palsy, vision/hearing impairments, or pervasive developmental
disorders) that were likely to prevent participation in the intervention program and children and families with insufficient English language abilities that were likely to prevent participation
in the consent, assessment, or intervention procedures of the trial.

Randomization and Blinding
An independent statistician randomized children into usual
classroom teaching (control arm) or the working memory training program (intervention arm) using a computerized random number sequence. Assignment was at a ratio of 1:1 intervention to control, stratified by school; thus, each school
included a balanced number of children participating in the
intervention and control arms. Researchers assessing outcomes were blinded to group allocation.

Intervention
Children were taken out of class in groups (up to 4 students) by
a research assistant to participate in the Cogmed RM program,
comprising 20 to 25 sessions delivered over 5 to 7 weeks. Each
child had their own computer and noise-cancelling headphones
to limit distractions. Sessions took 45 minutes, on average (range,
35-60 minutes). Children completed 8 of 12 tasks. A new task was
introduced every 5 to 6 days. This adaptive program matches difficulty level to the child’s performance on a trial-by-trial basis.
Tasks involve the temporary storage and manipulation of verbal and/or visuospatial information in a computer game format,
such as recalling a sequence of numbers that light up in a certain
order. Motivational features include verbal feedback, the displaying of “high scores,” and the accumulation of “points” when tasks
are successfully completed.
Research assistants (“training aides”) were trained
through role-playing and field observations before trial commencement. Weekly meetings with the research assistants
and project manager (a trained Cogmed “coach”) were held
to discuss any issues that may arise (eg, child motivation),
and a standard approach was agreed on, as recommended in
the Cogmed training manual.37
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Figure 2. Graphic Representation of Trial Method
Time point
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A

Parent information statement, written consent form, and survey distributed
in a single pack through schools to parents of all children in grade 1
at participating schools. The survey will ask about children’s behavior,
health-related quality of life, development, and family demographics.

B

Screening: all children who have parental consent will undergo a working
memory screening. This will be conducted at the child’s school by a member
of the research team. Each assessment takes 10 min using a face-to-face
assessment (Automated Working Memory Assessment). Children who screen
in the bottom 15% will be randomized.

C

Intervention: children will undergo the computerized Cogmed working
memory training program, comprising 25 sessions conducted in presence
of member of research team at the child’s school.

D

Automated Working Memory Assessment: face-to-face assessment
conducted by member of research team with child at the child’s school.

E

Wide Range Achievement Test 4 (primary outcome): face-to-face assessment
conducted by member of research team with child at the child’s school.

F

Wechsler Abbreviated Scales of Intelligence: face-to-face assessment
conducted by member of research team with child at the child’s school.

G

Teacher survey: sent directly to the child’s current teachers by
the research team.

H

Parent follow-up survey: sent directly to parents by the research team.

I

Child follow-up survey: administered directly to child by the research team.

Outcome Measures
Table 1 summarizes the trial measures. The primary outcomes
were the word reading, spelling, and math computation subscales
of the Wide Range Achievement Test 4 at 12 months (also measured at 24 months), each with a normative mean (SD) of 100
(15).38 Secondary outcomes measured at 12 and 24 months included working memory performance (also measured at 6
months), behavior, and health-related quality of life.

Intervention Costs
Costs in 2014 Australian dollars (A$) included training of Cogmed coach and training aides, screening, and intervention delivery. Research staff members prospectively recorded time and
the materials used. Staff time was valued at staff wage rates
(including 20% on-costs), child time was valued at A$0, car
travel was valued at standard medium car unit costs, computer hardware and software were valued at the unit costs experienced in the study, and intervention software (provided
at zero cost) was valued at A$0.

Statistical Methods
We used intention-to-treat analyses to compare outcomes at
6, 12, and 24 months between the intervention and control
E4

arms. Mean outcomes were compared using linear regression
in unadjusted analyses and analyses adjusted for factors specified a priori that may have affected outcomes and may not have
been fully balanced by randomization: child’s sex, IQ, and primary caregiver’s education. Clustering of children within
schools was accounted for using robust regression techniques in which the variance estimates are adjusted to account for the similarity between children within schools.39
Ancillary sensitivity analyses were also conducted.
First, for the working memory outcomes that were repeatedly measured at 3 or more time points, we ran randomeffects regression analyses to reexamine treatment effects
by time within a longitudinal regression model. This was
precluded for our principal analysis because, in keeping
with the “screen plus intervene” model being tested, most
of our key outcomes were not measured at baseline. Second, we reran all analyses using a multiply imputed data set
to estimate possible effects of missing data within the
intention-to-treat analyses. 40 The multiple imputation
model included all variables used in the complete data
analysis, with a series of 50 data sets imputed using chained
equations. All analyses were undertaken using Stata version
14 (StataCorp).
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Table 1. Study Measures
Domain

Measure

Respondent

Description

T1

T2

T3

T4

Wide Range Achievement
Test–4th ed

Child assessment

This is a validated measure of child
academic achievement. It yields a standard
mean (SD) score of 100 (15) for word
reading, spelling, math computation,
and sentence comprehension (at 12 mo
only).

−

−

+

+

Working memory

Automated Working
Memory Assessment

Child assessment

This computer-based, validated, and
reliable working memory assessment tool
yields working memory and short-term
memory mean (SD) scores of 100 (15) for
individuals 4-22 y old. The Backward Digit
Recall (verbal working memory) and Mister
X (visuospatial working memory) subtests
were used in the screening. The Digit Recall
(verbal short-term memory) and Matrix
Recall (visuospatial short-term memory)
were included at follow-up.

+

+

+

+

Health-related
quality of life

Pediatric Quality of Life
Inventory26

Parent

This 23-item measure for individuals 2-18 y +
old yields 2 subscales, Physical Functioning
Summary and Psychosocial Functioning
Summary. Scores range from 0 to 100,
with higher scores representing better
functioning.

−

+

+

Quality-adjusted
life-years

Child Health Utility–9D

Child

−
This self-report health-related
quality-of-life questionnaire is validated for
children 7-11 y old and will be used at the
12 and 24 mo follow-up to calculate
child-reported quality-adjusted life-years
for use in cost-consequences analysis.

−

+

+

ADHD symptoms

Connors 3 ADHD Index

Parent

This measure contains the 10 highest
loading items from the full Connors Parent
Rating Scale. Raw scores are converted to T
scores based on normative data from the
full-length Connors 3.

−

−

+

−

Behavior

Strengths and Difficulties
Questionnaire

Parent

This is a 25-item validated measure of
behavioral and emotional problems for
children 4-16 y old; 20 items contribute to
the Total Problems score used here
(possible range of 0-40, with higher scores
representing worse behavior).

+

−

+

+

Learning competency

Academic Rating Scale

Teacher

−
Mean raw score of adapted versions of the
teacher-reported Language and Literacy
(11 items) and the Mathematical Thinking
(9 items) subscales of the Academic Rating
Scale from the Early Childhood Longitudinal
Study19; each has a possible score range of
1-5, with higher scores indicating greater
proficiency.

−

+

+

Approach to learning

Approach to Learning
from the Social Rating
Scale

Teacher

This 6-item measure was designed to assess −
various aspects of a child’s approach to
learning, such as organization, working
independently, and task completion. The
possible score range was 1-6, with higher
scores indicating better approaches to
learning.

−

+

+

Primary outcome
Academic achievement

Secondary outcomes

−
+
−
−
This measures verbal and nonverbal
intellectual ability and is standardized for
individuals 6-89 y old. Standardized scores
have a mean (SD) score of 100 (15).
Abbreviations: ADHD, attention-deficit/hyperactivity disorder; T1, screening; T2, 6 months after randomization; T3, 12 months after randomization; T4, 24 months
after randomization; +, the test was performed at this time point; −, the test was not performed at this time point.
IQ

Wechsler
Abbreviated Scale of
Intelligence–2nd ed

Child assessment

Sample Size
To detect a clinically important difference of 0.3 SD in the primary outcome measures at a significance level of .05 with 80%
power, we required 175 children in each of the 2 trial arms (350
in total) at our primary end point. Allowing for 20% attrition,
we found that our target sample size at recruitment was 438
children.

Results
Of the 67 schools approached, 44 (65.7%) agreed to participate. Figure 2 shows that, of the 2747 parents approached, 1761
(64.1%) consented, and 1723 of 1761 children (97.8%) completed the screening assessment (ie, the parent to child ratio
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Table 2. Sample Characteristics of Children at Enrollment
Characteristic

Screening Sample

Control Arm

Intervention Arm

Children, Total No.

1761

226

226

Age, mean (SD), y

6.9 (0.4)

Male sex, %
Repeated a grade in school, %

6.7 (0.4)

6.9 (0.4)

50.2

42.3

51.8

6.4

5.4

9.9

Backward Digit Recall score, mean (SD)
Raw
Standard

9.8 (3.4)

7.2 (3.4)

7.0 (3.5)

105.7 (14.7)

94.6 (15.1)

93.4 (15.3)

Mister X score, mean (SD)
Raw
Standard
Primary caregivers, Total No.

8.0 (3.6)

4.6 (3.1)

5.0 (3.3)

109.1 (15.7)

94.0 (13.7)

95.4 (14.3)

1761

226

226

Biological parent, %

96.9

99.1

97.7

Married/de facto, %

86.9

90.1

84.2

Highest level of education, %
Did not complete high school

10.5

16.8

10.4

Completed high school

21.4

20.9

23.9

Completed university degree

66.8

62.3

64.6

15.6

16.5

15.8

<1000

17.8

20.8

23.5

1000-2000

29.3

34.4

27.8

>2000

52.9

44.8

48.8

Household, % of caregivers
Non-English language spoken
Weekly household income, $

was 1:1). Table 2 shows that boys and girls were similarly represented. About two-thirds of parents had completed a tertiary education, somewhat higher than the 43% expected from
Australian census data.41
Of the 1723 children screened, 452 met the inclusion criteria and were randomized, 226 in each study arm. At 6, 12,
and 24 months postrandomization, 90.5%, 89.5%, and
87.8% of children remained in the study. Demographic characteristics between children who did and children who did
not participate in outcome assessments were similar at all
time points.

Intervention Delivery
Of the 226 children randomly assigned to the intervention arm,
204 (90.3%) completed at least 20 training sessions. The children who competed the training sessions and the children who
did not were comparable on baseline screening assessment and
characteristics.

Outcomes
Table 3 shows the complete-case outcomes comparisons. At
6 months, children in the intervention arm had higher visuospatial short-term memory (mean difference, 5.47 [95% CI,
2.87-8.07]; P < .001) and verbal working memory scores
(mean difference, 2.91 [95% CI, 0.02-5.79]; P = .04) than
children in the control arm. Relationships were similar after
adjustment. Only the visuospatial short-term memory benefits remained at 12 months, and none were apparent by 24
months.
E6

Despite this transient short-term memory benefit, there
was little evidence for improved academic outcomes
(Table 3). Children in the intervention arm had poorer word
reading (mean difference, −1.81 [95% CI, −3.78 to 0.15];
P = .07) and math computation scores (mean difference,
−2.64 [95% CI, −5.48 to 0.20]; P = .07) at 12 months than
children in the control arm. The evidence for lower scores in
math computation for the intervention group was stronger
at 24 months (mean difference, −3.03 [95% CI, −5.39 to
−0.67]; P = .01), although the effect size was small (0.2). We
note the inflated potential for chance findings due to the
number of outcomes and time points. All other academic
outcomes were similar at both 12 and 24 months, although a
consistent theme was for slightly lower scores in the intervention group. Despite low working memory at baseline,
mean word reading and spelling scores of children in both
groups were slightly above the mean US normative population value of 100, while the mean math computation score
was around a third of a standard deviation below. The rate
of completion of the required 20 sessions was so high
(>90%) that we did not run dose-response analyses. The
parent, child, and teacher ratings spanning attention problems, social-emotional difficulties, and quality of life were
similar in the intervention and control groups at 12 and 24
months, with mean scores typical for that age.

Ancillary Analyses
The eTable in Supplement 2 shows the treatment effects reestimated using random-effects regression models and also the
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Table 3. Outcome Comparisons At 6, 12, and 24 Months
Mean (SD) Score

Adjusted Mean Difference
(95% CI)b

Intervention Arma

Control Arma

Digit recall

103.2 (13.9)

102.2 (13.1)

0.19 (−2.02 to 2.38)

.87

Dot matrix

101.4 (15.4)

95.7 (14.8)

5.47 (2.87 to 8.07)

<.001

Mister X

105.1 (15.5)

107.0 (15.9)

−2.33 (−5.14 to 0.47)

.10

Backward Digit Recall

103.5 (16.8)

100.5 (13.0)

2.91 (0.02 to 5.79)

.04

98.4 (13.4)

97.4 (11.8)

0.78 (−1.57 to 3.13)

.51

Word reading

103.8 (14.7)

105.7 (13.4)

−1.81 (−3.78 to 0.15)

.07

Sentence comprehension

103.4 (15.9)

105.4 (16.4)

−2.02 (−4.79 to 0.73)

.15

Spelling

102.5 (17.0)

104.6 (16.7)

−1.92 (−4.42 to 0.57)

.13

91.5 (14.4)

94.3 (16.4)

−2.64 (−5.48 to 0.20)

.07

Digit recall

103.6 (15.2)

103.3 (12.7)

−0.42 (−2.52 to 1.67)

.69

Dot matrix

102.7 (15.8)

7.78 (4.41 to 11.14)

<.001

Mister X

105.3 (15.2)

106.6 (15.5)

−0.98 (−4.43 to 2.48)

.57

Backward Digit Recall

103.3 (14.2)

102.0 (14.2)

1.80 (−0.85 to 4.46)

.18

59.7 (17.1)

58.2 (16.4)

0.32 (−4.29 to 4.93)

.89

8.5 (5.4)

7.7 (5.0)

1.02 (−0.20 to 2.24)

.10

Outcome Variable

P Value

6-mo Outcomes
AWMA

WASI-2 IQ
12-mo Outcomes
WRAT4 (primary outcome)

Math computation
AWMA

Connors 3 ADHD
Index T score
SDQ total difficulties

96.03 (14.6)

PedsQL
Psychosocial health

75.7 (14.4)

77.2 (14.9)

−2.37 (−5.66 to 0.92)

.15

Physical health

81.1 (18.8)

83.9 (17.1)

−4.29 (−8.60 to 0.02)

.05

Teacher-reported measures
ARS language and literacy

4.2 (0.9)

4.2 (0.8)

−0.04 (−0.17 to 0.09)

.56

ARS mathematical
thinking

4.1 (0.9)

4.2 (0.9)

−0.05 (−0.20 to 0.09)

.48

Approach to learning

3.2 (0.8)

3.3 (0.7)

−0.08 (−0.20 to 0.04)

.20

24-mo Outcomes
WRAT4 (primary outcome)
Word reading

101.1 (14.7)

103.0 (13.4)

−1.97 (−4.27 to 0.32)

.09

Spelling

103.4 (17.0)

105.7 (15.8)

−2.43 (−5.45 to 0.60)

.11

93.8 (15.6)

96.6 (15.5)

−3.03 (−5.39 to −0.67)

.01

Digit recall

101.6 (17.1)

103.9 (15.6)

−2.60 (−5.80 to 0.60)

.11

Dot matrix

99.3 (16.1)

97.0 (15.9)

2.96 (−1.03 to 6.95)

.14

Mister X

100.6 (13.2)

102.4 (13.3)

−1.52 (−4.81 to 1.78)

.36

Backward Digit Recall

101.5 (16.9)

101.7 (15.2)

0.29 (−2.12 to 2.70)

.81

CHU-9D

0.8 (0.1)

0.8 (0.1)

−0.01 (−0.04 to 0.02)

.39

SDQ total difficulties

9.2 (5.8)

8.3 (5.9)

0.28 (−1.35 to 1.90)

.73

Math computation
AWMA

PedsQL
Psychosocial health

74.7 (15.4)

75.9 (15.4)

−0.39 (−4.05 to 3.26)

.83

Physical health

83.3 (17.2)

81.7 (19.5)

1.98 (−1.87 to 5.83)

.31

principal analysis repeated using the multiply imputed data
set, which is also presented graphically in the eFigure in
Supplement 2. These reanalyses did not substantively change
the outcome values or any conclusions.

Intervention Costs and Cost-Effectiveness
Costs of training (A$12 919), materials (A$15 939), screening
(A$54 205), and intervention delivery (A$150 956) summed

Abbreviations: ADHD,
attention-deficit/hyperactivity
disorder; ARS, Academic Rating Scale;
AWMA, Automated Working Memory
Assessment; CHU-9D, Child Health
Utility–9 Dimensions; PedsQL,
Pediatric Quality of Life Inventory;
SDQ, Strengths and Difficulties
Questionnaire; WASI-2, Wechsler
Abbreviated Scale of Intelligence,
2nd ed; WRAT4, Wide Range
Achievement Test 4.
a

Analytical data were missing from
202 to 146 children per trial arm.

b

Adjusted for sex, primary caregiver
education (did not complete high
school, high school only, or
university degree), child WASI-2
scores at 6 months, and accounting
for original school cluster.

to A$234 020: A$1035 per child randomly assigned to the
intervention arm. If offered to all Victorian Grade 1 children
in the lowest quartile for working memory, this would
equate to over A$18 million per annum ($1035 × 25%
× 75 000 + annual school intake). This does not include the
costs of the Cogmed program, which was made available to
the trial at no charge but currently retails for around A$1500
per child.
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Discussion
Principal Findings
This randomized controlled clinical trial examined the effectiveness of an adaptive working memory intervention in improving
population-based academic outcomes for children with low
working memory. Despite an advantage to some working
memory measures at 6 and 12 months in line with other studies
of Cogmed,22,31 there were no evident benefits to academic outcomes at 12 or 24 months. This lack of effect is also seen in the
parent and teacher ratings of attention, social-emotional difficulties, and quality of life. This lack of benefit must be considered in light of the costs in terms of price (over A$1000 per child,
plus cost of the program itself), the loss of around 15 to 20 hours
of usual classroom teaching for each child, and opportunity (other
remediation that could have been offered instead).

Strengths and Weaknesses of the Study
Our trial was randomized and controlled, used an intentionto-treat analysis, and is the largest trial of working memory
training to date, to our knowledge. Allocation and outcomes
assessment were blinded. The study groups were recruited
from a large population-based cohort, allowing generalizability. The retention rate was high, maximizing power and minimizing bias. The completion rate for the intervention arm was
high, allowing us to evaluate long-term efficacy with confidence; this is supported by the similar conclusions from ancillary analyses using multiply imputed outcomes data sets.
We exceeded our required sample size for the directly assessed primary outcome measure but not for the parent- or
teacher-reported outcomes. However, complete-case analyses closely resembled those using the multiply imputed outcomes data set, and neither showed any trends toward effectiveness for these secondary outcomes.
A potential limitation of our study is that the screening protocol used only 2 subtests of the Automated Working Memory
Assessment. This mimicked what we felt would be possible if
this model was to be rolled out on a large scale: screening all
children quickly, with rapid progression to intervention. However, this comes at a likely cost in terms of measurement precision. Although our working memory screening tests have
been widely used in previous research in this field,22,24 like
many standardized cognitive measures, they suffer from task
impurity and tap skills additional to working memory (eg, Mister X subtest requires visuoperceptual ability).
The generalizability of these results may not extend to children who do not speak English or to children whose parents
have a lower educational level than those in our study. The children in our study were at the lowest end of the recommended
age range for the Cogmed RM program. Lack of a nonadaptive control group could have been seen as a limitation had
there been an intervention effect, but it is not relevant for a
noneffective intervention.

Interpretation in Light of Other Study Findings
Our 6-month working memory effect sizes are smaller than those
in previous trials in this field. This is not an uncommon findE8

ing when scaling up to a population level with a rigorous
design42; previous Cogmed studies varied in participant characteristics (including participants with attention-deficit/
hyperactivity disorder, learning difficulties, special education
needs, and low working memory) and/or used weaker designs
(including nonrandom allocation and lack of a control group).
Most of these studies test the intervention on older children. Our
findings sit between those of the initial, small school-based
studies reporting that Cogmed training can enhance
visuospatial22,24,31,43-45 and verbal short-term memory44 and
visuospatial22,24,31,43 and verbal working memory,22,24,31,43-45
and an increasing number of studies indicating little benefit for
verbal short-term memory.22,31,43,44,46
Our 12-month working memory and academic outcomes
are comparable to those of the largest randomized trial, to date,
but go further by virtue of our larger sample size, higher retention, and subsequent longer follow-up. In the trial by Dunning et al,31 more than 800 children 7 to 9 years of age from 9
UK schools were screened for low working memory; 34 participated in Cogmed, 30 in a nonadaptive version, and 30 received teaching as usual. At 12 months, moderate-to-large gains
in verbal working memory were sustained in the Cogmed group
(n = 15) compared with the nonadaptive group (n = 19), but
there was little evidence of improved academic performance. Smaller, methodologically less rigorous studies have
reported some academic benefits. Egeland et al47 reported a
slight increase in reading scores at 8 months in a small randomized controlled trial (N = 57) of children with attentiondeficit/hyperactivity disorder, and Holmes et al 22,43 and
Dahlin22,43 reported an increase in mathematics scores at 6 and
7 months, respectively, in small (N = 42 and N = 57) nonrandomized trials.
A controversial issue33,39 is whether targeting one specific cognitive skill (eg, working memory) can improve
another (eg, academic function). Klingberg48 argues that
working memory training can result in changes in activity
(“plasticity”) in neural networks that may then result in a
transfer of effects to nontrained tasks. However, a primary
school classroom offers a complex interplay between the
temperaments of students and teachers, cognitive abilities,
and engagement, which may not correspond with the highly
structured and predictable computer-based training environment. Future interventions may benefit from extending
programs such as Cogmed to include real-world activities
and incorporate explicit strategy training paired with education intervention.

Implications for Clinicians and Policy Makers
With no evidence of benefit in our primary outcomes, the intervention is not cost-effective. Our intervention delivery costs
were inflated by high travel costs, as city-center–based training aides traveled to schools. In practice, individual schools
may deliver the intervention using local staff. However, any
reduction in travel costs would be balanced against the cost
of the intervention program, which was waived for this trial.
Given the consistently, slightly lower academic scores in the
intervention group, particularly for word reading and math
computation, our results raise questions regarding the
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potential for harm by taking children out of class on a regular
basis for several weeks to provide an intervention such as this.
On balance, we cannot recommend this intervention as a population-level selective prevention strategy.

Conclusions
It is feasible to implement population-based working memory
screening for children 6 to 7 years of age and deliver a work-
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