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TRAIN YOUR BRAIN



Big Business

• Digital-brain-health market

– 2005 - $210 mil

– 2009 - $600 mil

– 2013 - $1.3 bil ($715m software)

– 2020 - $6.15 bil ($3.38bil software)

• Lumosity

– > 70 million members

• End users – only 20% are <18 years



Core principles of cognitive training

• Cognitive skills can be improved with training

• Activities practiced regularly and intensely

• Activities adapt to the individual’s current 
level of performance

• Engaging and fun
– Computer-games

• Improvement in trained activities will transfer 
to benefits in other domains and everyday 
functions





Cogmed Program

• Designed by Torkel Klingberg at Karolinska Institute
• Utilises cognitive training principles to improving 

attention and working memory
• Training is regular and intensive (30-40 mins, 5 days per 

week, for 5 weeks)
• Training commences at the child’s baseline 
• Demands/complexity constantly adapts to child’s 

ability
• Activities designed to be engaging and fun
• Rewards system
• Training is based on implicit learning rather than 

explicit learning  



Cogmed Process

• Administered by certified coaches

– Health or educational professional

• Training aid (parent or teacher)

• Completed at home or school

• Monitoring of training – coach calls, training 
web



Cogmed JM (Preschool) Cogmed RM (School age)

Cogmed QM (Adolescent & Adult)



Online Coach Training Web



Efficacy

• Performance gains 
– on trained (working memory) activities

• Near transfer effects
– Gains on similar but different tasks to trained 

activities

• Far transfer effects
– Gains in overall cognitive functioning (eg. IQ)

– Gains in academic functioning

– Improved behaviour & adaptive functioning



Level of Evidence

• What level of evidence is needed to support 
individual cognitive training programs?

– ? Magnitude of effect

– ? Duration of effect

– ? Cost effectiveness



Published research
(Pearson’s website)

• ADHD (26 papers)
• Anxiety (1 paper)
• Typical / healthy samples (16 studies)
• Brain injury (7 papers)
• Cancer (4 papers)
• Downs syndrome (1 paper)
• Epilepsy (1 paper)
• Fragile X (1 paper)
• Hearing impaired (3 papers)
• Low IQ (2 papers)
• Low language (2 papers)
• Low WM / Academics / Classroom behaviour (8 papers)
• Mild cognitive impairment (2 papers)
• Preterm birth (3 papers)
• PTSD (1 paper)
• Stroke (1 paper)
• Substance abuse (1 paper)
• Typical (20 papers)



Research Summary
• Design Issues

– Non RCT studies
– Passive control groups
– Limited long-term follow-up
– Small samples
– Various selection criteria

• Immediate near-transfer effects
– Visuo-spatial WM

• Immediate far-transfer effects
– Yes: daily inattention (parent report)
– No: Inhibition, nonverbal reasoning

• Delayed effects
– unknown





  

Approached to participate
N = 2747

Consent to participate
N = 1761 (64.1%)

Working memory assessed

N = 1723 (97.8%)

Eligible and randomized for trial

N = 452 (25.9%)

Allocated to intervention

N = 226

Dropout after randomization

N = 3

Completed intervention N = 204 (91.5%)

Did not complete intervention N = 19 

Requested by parent N = 9 

Did not reach minimum days N = 10 

Child assessment: N = 206 (89.8%)

Dropout: N = 9 children

Child assessment: N = 203 (89.8%)

Parent survey: N = 163

Teacher survey: N = 166 

Dropout: N = 2

Child assessment: N = 200 (88.4%)

Parent survey: N = 134

Teacher survey: N = 124

Dropout: N = 3

Allocated to control

N = 226

Dropout after randomization

N = 1

Child assessment: N = 208 (91.2%)

Dropout: N = 6 children

Child assessment: N = 201(88.9%)

Parent survey: N = 162

Teacher survey: N = 172

Dropout: N = 5 

Child assessment: N = 197 (87.2%)

Parent survey: N = 130

Teachery survey: N = 119

Dropout: N = 3
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Short term & working memory: 
6 months

Outcome

Mean (SD) Adjusted

Intervention (I) Control (C) I-C 95% CI P

AWMA

Digit Recall 103 (14) 102 (13) 0.2 -2.0 to 2.4 0.9

Dot Matrix 101 (15) 96 (15) 5.5 2.9 to 8.1 <0.001

Mister X 105 (16) 107 (16) -2.3 -5.1 to 0.5 0.1

Backwards Digit 104 (17) 101 (13) 2.9 0.02 to 5.8 0.04



Short term & working memory: 

12 months

Outcome

Mean (SD) Adjusted

Intervention (I) Control (C) I-C 95% CI P

AWMA

Digit Recall 104 (15) 103 (13) -0.4 -2.5 to 1.7 0.7

Dot Matrix 103 (16) 96 (15) 7.8 4.4 to 11.1 <0.001

Mister X 105 (16) 107 (16) -1.0 -4.4 to 2.5 0.6

Backwards Digit 103 (14) 102 (14) 1.8 -0.9 to 4.5 0.2



Primary outcomes: 12 & 24 months

WRAT-4

Mean (SD) Adjusted

Intervention (I) Control (C) I-C 95% CI P

12 months

Word reading 104 (15) 106 (13) -1.8 -3.8 to 0.2 0.1

Comprehension 103 (16) 105 (16) -2.0 -4.8 to 0.7 0.2

Spelling 103 (17) 105 (17) -1.9 -4.4 to 0.6 0.1

Math 92 (14) 94 (16) -2.6 -5.5 to 0.2 0.07

24 months

Word reading 101 (15) 103 (13) -2.0 -4.3 to 0.3 0.1

Spelling 103 (17) 106 (16) -2.4 -5.5 to 0.6 0.1

Math 94 (16) 97 (16) -3.0 -5.4 to -0. 7 0.01
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Will Cogmed work for very 
preterm children?



Attention & Working Memory Deficits

• Fundamental cognitive skills

– Needed for more complex cognitive skills & new 
learning

• Considered core deficits in preterm children





Cogmed training – ELBW & Term 
adolescents (14-16 yrs) 

Lohaugen et al., 2011, J Pediatr, 158, 555-561.
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Cogmed training – ELBW & Term 
adolescents (14-16 yrs) 

Lohaugen et al., 2011, J Pediatr, 158, 555-561.



Working memory tasks across 2 time-points: 
(1) baseline and (2) immediately after training. 



Cogmed training –
VLBW preschoolers (5-6yrs)
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Cogmed training –
VLBW preschoolers (5-6yrs)



Cogmed training –
VLBW preschoolers (5-6yrs)









Aims
• Evaluate the efficacy of Cogmed in EP/ELBW 7 

yr-olds compared to a placebo program
– Primary outcome: academic functioning at 24 

mths post intervention

• Assess neural changes associated with 
Cogmed
– MRI pre- and post-intervention

– Structural, DTI, rs-MRI, fMRI

• Reporting only on short-term outcomes 



Design

• Double-blinded, placebo-controlled RCT of 
EP/ELBW children aged 7 years
– Cogmed

– Placebo (identical program, but low complexity level) 

• All EP and/or ELBW (<1000g) children born in 
Victoria in 2005 who survived to age 2
– Exclusions: 

• Children with a severe intellectual/sensory/physical 
impairment 

• Families unable to support their child



Cognitive Measures
Cognitive Domain Measure

General Cognitive Ability:       

Selective Attention:                 

Sustained Attention:                

Shifting Attention:

Visual Immediate Memory:

Verbal Immediate Memory:

Visual Working Memory:

Verbal Working Memory

DAS-II, General Conceptual Ability (GCA)

Sky Search

Score!

Creature Counting

Block recall

Mazes recall

Digit Recall

Word List Recall

Mister X

Backward Digit Recall



Baseline assessment
Randomisation

Placebo training
n = 46

Cogmed training
n = 45

2-week follow-up
n = 45

Recruited
n = 91 (60% participation)

July 2012 – April 2014
n=172

2-week follow-up
n = 43

1-yr follow-up
n = 41

1-yr follow-up
n = 39

2-yr follow-up
n = ??

2-yr follow-up
n = ??
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Clinical & Demographic
Variables

Cogmed
(n=45)

Placebo
(n=46)

Gestational age (weeks), M (SD)

Birth weight (grams) , M (SD)

Males, n (%)

Multiple birth, n (%)

Bronchopulmonary dysplasia (BPD), n (%)

Proven necrotising enterocolitis (NEC), n (%)

Grade III/IV intraventricular hemorrhage IVH, n (%)

Cystic periventricular leukomalacia (PVL), n (%)

Corrected age, M (SD)

Social risk, median (interquartile range)

27.3 (2.3)

841 (147)

22 (49)

11 (24)

23 (51)

3 (7)

3 (7)

1 (2)

7.6 (0.4)

2 (1-3)

26.9 (1.8)

891 (196)

17 (37)

13 (28)

20 (44)

6 (13)

2 (4)

1 (2)

7.6 (0.4)

2 (1-3)

Clinical & Demographic Characteristics



Baseline Performance
Cognitive Domain Measure Cogmed

(n=45)

Placebo

(n=46)

General Cognitive Ability:       

Selective Attention:                 

Sustained Attention:               

Shifting Attention:

Visual Immediate Memory:

Verbal Immediate Memory:

Visual Working Memory:

Verbal Working Memory

DAS-II, M (SD)

Sky Search, M (SD)

Score!, M (SD)

Creature Counting, M (SD)

Block recall, M (SD)

Mazes recall, M (SD)

Digit Recall, M (SD)

Word List Recall, M (SD)

Mister X, M (SD)

Backward Digit Recall, M (SD)

96.8 (11.4)

8.2 (3.2)

6.5 (3.7)

9.6 (3.4)

87.1 (18.7)

83.1 (9.6)

93.6 (16.7)

95.4 (13.7)

103.5 (12.8)

86.2 (13.0)

100.6 (13.4)

8.8 (3.5)

7.5 (4.0)

7.6 (3.7)

87.4 (15.4)

83.7 (11.3)

94.8 (16.8)

99.0 (16.1)

106.4 (14.3)

88.3 (14.0)
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Adjusted between group differences on attention and 
working memory measures post-intervention
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Regressions adjusted for baseline performance.  Error bars represent 95% 
confidence interval of adjusted mean differences.
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These findings persisted after adjustment for baseline performance, sex, multiples, 
low working memory status, and baseline IQ.

Adjusted between group differences on attention and 
working memory measures post-intervention



Change in attention and working memory measures 
from baseline to post-intervention
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Cogmed Placebo
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Summary
• No differences between Cogmed and placebo groups 

post training in working memory or attention.

• Slight improvements in working memory (not 
attention) were observed in Cogmed and placebo 
groups.

• Need to determine which children benefited from 
program

• Compliance was not great

– Program was too difficult

– Too demanding: time & effort



Conclusions
• Cognitive training may help to enhance core deficits in 

very preterm children

• Research evidence with Cogmed is mixed
• Cogmed & Placebo programs resulted in improved 

performance

• More research with Cogmed is needed
• Which families are suited to Cogmed?

• Which children will benefit?

• Do benefits persist long-term?

• Does improved working memory translate into better 
academic functioning and behaviour?
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Attention Impairment Rates

EP / ELBW

Term 

Controls OR

Selective 

Attention* 34% 17% 2.4

Sustained 

Attention* 30% 15% 2.4

Shifting 

Attention* 27% 9% 3.6

Divided 

Attention* 37% 16% 3.1

Anderson et al., (2011) Dev Neuropsychol, 36, 57-73



Working Memory Impairment Rates

Omizzolo et al., (2014), Memory, 22, 605-15



Cogmed RM



Asteroids



Rotating Data Link



Rotating Dots



Input Module



Robo-racing



Training-based neuroplasticity

• Baseline and post-intervention assessments

• Performed using 3T Siemens Magnetom
Trio, Tim system, 32 channel head coil

• T1-weighted images

• T2-weighted images

• Diffusion weight images

• Resting state MRI

• Task-based fMRI



7 failed mock MRI
1 baseline changed to home visit
1 declined after watching MRI DVD

1 scan not attempted as child was scared
1 contraindication cardiac clips 
1 incomplete scan

3 families unavailable/un-contactable 
for two-week follow-up  

Neuropsych and MRI
(Baseline) 

n = 60

Passed Mock MRI
n = 63

Placebo training
n = 30 (15m, 15f)

Cogmed training
n = 30 (14m, 16f)

Neuropsych and MRI
(2-week follow-up)

n = 57 (27m, 30f)

Consented to both
Neuropsych and MRI

n = 72

IMPRINT cohort  
n = 91  (29m, 31f)



Structural brain changes

• Freesurfer image analysis suite 
(version 5.3.0)

– Vertex-wise statistical analysis of the 
data Qdec (Query, Design, Estimate, 
Contrast)
– cortical thickness, 
– area, 
– volume, 
– curvature 
– sulcal depth

• false discovery rate correction was 
applied

– 35 participants had usable pre- and post-
training structural images 

• 18 in Cogmed group, 17 in placebo 
group



Freesurfer Results

1. Data were compared between the pre- and post-
intervention scans for all participants

• No statistically significant differences

2. Interactions between time point (pre- vs post-
intervention) and group (Cogmed vs placebo) were 
investigated

• No statistically significant Interactions



Diffusion-weighted MRI

1) Tract-Based Spatial Statistics 
(TBSS)

2) Probabilistic tractography with 
constrained spherical deconvolution
using MRtrix software

Axon dispersionAxon density



TBSS Results

• Lower axon dispersion and 
higher axon density in the 
post-intervention scan 
compared with the pre-
intervention scan

• No significant interactions 
between time point (pre- vs
post-training) and group 
(Cogmed vs placebo)



Tracts of interest

SLF: Superior longitudinal 
fasciculus
CT: Cerebellar-thalamic tract
TP: Thalamic-prefrontal tract 

CT

TP

SLF



Training based neuroplasticity

Superior longitudinal 
fasciculus (SLF)

Cerebello-thalamic tract 
(CT)

No change over 
time
Cogmed = 
Placebo

No change over 
time
Cogmed = 
Placebo

No change over 
time
Cogmed = 
Placebo

No change in microstructural maturity 
over time

Thalamic-prefrontal 
tract (TP)



Ongoing Trials

• 9 registered trials – ongoing
– ADHD

– Cerebral Palsy

– Hearing Aids

– Preterm

– Typical (low WM)

– MCI

– MS

– Substance Abuse



Klingberg et al (2005), J Am Acad Child Adolesc
Psychiatry, 44, 177-186

participating sites. Written informed consent wasobtained from all
participating families.

Outcome Measures

Certified psychologists performed neuropsychological assess-
mentsat thefour clinical sitesusing four tasksto evaluateexecutive
performance. (1) Thespan-board task from theWAIS-RNI testing
battery (Wechsler, 1981) was used to measure visuospatial WM.
The mean performance from trials with forward and backward re-
peatingof thememorandawasused in theanalysistoprovideamore
reliable measure. (2) Digit-span from the WISC-III testing battery
was used to measure verbal WM. (3) The Stroop interference task
wasused to measure response inhibition (Lezak, 1995). In thistask
wordsdescribing colorsareprinted with ink in acolor that wasin-
congruent with the word, i.e., ‘‘green’’ printed in yellow ink. The
subjectswereasked to namethecolor of the ink for each word. (4)
Raven’sColored Progressive Matrices (Raven, 1995) was used to
measure nonverbal reasoning ability. Motor activity was measured
by an infrared camera that records thenumber of head movements
during15 minutesof performanceof adetection task on acomputer
(Teicher et al., 1996).

The 18 DSM-IV items were used as a rating scale for ADHD
symptoms(American Psychiatric Association, 1994). Wealso used
the Conners Rating Scale for parents and teachers (revised, short

version) (Conners, 2001). Symptomswerescored by assigning ase-
verity estimate for each symptom on a4-point scale, from 0 (not at
all) to 3 (very much). Because thereareno updated Swedish norms
for these scales, raw values were used and reported.

Beforethestudy wasconducted, thespan-board task wasdefined
to be the main outcome measure because it provides a nontrained
measure of visuospatial WM. The stimuli, presentation, and re-
sponse mode for this task differ from theWM tasks that were part
of the training program (see Discussion).

Intervention

Thetreatment consisted of performingWM tasksimplemented in
a computer program developed for this study (RoboMemoÒ,
Cogmed Cognitive Medical Systems AB, Stockholm, Sweden).
Theprogram wasprovided on aCD and used by thechild on aper-
sonal computer either at homeor in school. Theprogram included
visuospatial WM tasks(rememberingthepositionof objectsina4 3 4
grid aswell asverbal tasks(rememberingphonemes, letters, or digits)
(see Olesen et al., 2004) for further description of the visuospatial
tasks). Responseswere made by clicking on displayswith the com-
puter mouse. Thechildren performed 90 WM trialson each day of
training. Total timedepended on the level and timebetween trials.
Medium total training time (excluding breaks) was about 40
minutes. The difficulty level was automatically adjusted, on a trial-
by-trial basis, to match the WM span of the child on each task.
Responses to each trial were logged to a file on the computer, and
every 1 to 2 days, an adult used a report program to upload the log
filevia the Internet to aserver so that compliancecould beverified.

Thecomparison condition wasidentical to the treatment except
that thedifficulty of the 90 WM trials remained on the initial low
level (two to three items) instead of being increased to match the
WM span of thechild. Asin thetreatment program, responseswere
logged to afile that wasuploaded to a server to verify compliance.

Procedures

Children wererecruited viapediatricians, child psychiatrists, and
special teachers. Initial information wasgiven verbally. Familiesex-
pressing interest in participating in thestudy weresent thedetailed
written information about the study, together with DSM-IV ques-
tionsabout ADHD and oppositional defiant disorder, and Conners
rating scales, to beanswered before thescreening visit. Thewritten
information stated that there would be two interventions and that
oneof them probably wasmoreeffectivethan theother. Thewritten
information also specified theinclusion criteria regardingdiagnosis,
medication, age, and theneed for acomputer with Internet access. At

TABLE 1

Subject Characteristicsa

Comparison Treatment Total

Boys 22/20 22/16 44/36

Girls 4/4 5/4 9/8

ADHD combined 16/15 22/15 38/30

ADHD inattentive 10/9 5/5 15/14

Age, yr, mean (SD) 9.8 (1.3)/9.7 (1.3) 9.9 (1.3)/9.8 (1.4) 9.8 (1.3)/9.8 (1.3)

Note: ADHD = attention-deficit/hyperactivity disorder.
aData given for all randomized subjects (n = 53)/subjects that complied (n = 44). See Fig. 1.

Fig. 1 Flow of participants through the trial.
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