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Background: We exploré whether schoabased Cogmed Working Memoryaining
(CWMT) may optimize both academic and psychological outcomes at school. Training of
executivecontrol skillsmay form a novel approach to enhangimgcesses that predict
academic achievement, such as tadited attention, and thereby academic performance, but
also has the potential to improve the regulation of emotion, social problems, and behavioura
difficultiesi Methods: Primaryschool childrenNlean age = 12 yearl, = 148)were cluster
randomisedtorcompletective CWMT, anon-adaptivgdlaceboversion of CWMT, or no
training Results: No evidence was found ftraining effectson taskrelated attentiomvhen
performingsacademic tasksr performance on readimgmprehension antiathematics
tasks or teachereported social, emotional, and behavioulilculties. Conclusions:
CWMT did not improvecontrolof atention in the classroom, or regulation of social,

emotional and behaviourdifficulties.
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Working memory, the ability to maintarelevantinformation during demanding
mental activities, is relateid bothacademic achievemeand the ability to maintaifocused
and controlled-attention (Gathercole & Alloway, 2008; Lui & Tannock, 200vgr recent
years therg has been widespread interest in the poteintvarking memory training to
improve children’s school-based outcomes. To date, the majority of studies inlthisafre
focussed en the impact of training on psychometric assessments of working memory and
attention, or,standardised measures of legrmiith mixed results (e.g. Gray et al., 2012;
Holmes & 'Gathercole, 2014). The aim of the current study was to investigate, fosthe fi
time in a single study, whether training could improve children’sask-behavior during
academic tasks and alenhance their social, emotionaind behavioral functioning. Unlike
previous studies; our focus was on the impact of Cogmed Working Memory Training
(CWMT; Pearson, 2016) on both academic and psychological aspects of school functioning.

Working memory traiing programmesuch asCWMT have been a controversial
advancemenh.novel inerventions. Trainingrovides repeated practice of interactive
computer exercises that tax working memory and executive skillgiarsdo increaseore
cognitive capacities, sh as working memory and attentiohereby rectifying cognitive
deficits inindividuals who experience impairment, or expanding capacity to a superior level
in those individualsvithin the average rangm turn, increased capacityay enhance
performance on tasks that require executive control. Improvement may teeretor in
learning, but also in regulation of behaviour and affEleere is substantial theoretical
contention on whetheris possible to expanithe targeted cognitivieinctions, andwadence
is mixed for the efficacy of training in improving cognitive capacity in both impaired and
typical sample$Gibson, Gondoli, Johnson, Steeger, & Morrissey, 2Mglby-Lervag &
Hulme, 2013 Shipstead, Hicks, & Engle, 2012y terms ofimprovedcapacity leading to
improvementinlearninghere isnoimpact oftrainingon basic academic skills, such as
word decoding=and arithmetic (for medaalysis sedelby-Lervag & Hulme, 2013), though
there ardewsstudies thaéxamine performance on readicgmprehension and mathematics
assessmentwith mixed findings and methodological weaknesses in those that do (e.g.,
Holmes & Gathercole, 2014nhdeed, Cogmed asserts that further studies are needed to
determine specific effects in daily lif&§derqvis& Nutley, 2016).However, it has been
argued that the impact of training on everyday functioning magxatisively occuthrough

expanding cognitive capacity, but potentially through promoting more efficient use of
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cognitive controprocessegDunning & Holmes, 2014; Gathercole, Dunning, & Holmes,
2012).This studythereforeexplored whetheEWMT may work as dolistic wellbeing
programme through improvirgpth a)children’scontrolof taskrelated attentionand
therebyacademic performancand b) the regulation of social interaction, emotion, and
behaviour,

Working memory, attention, and academic parfance are closely related
(Gathercole & Alloway, 2008 There are a number of theories on the structure and function
of workinggmemory (see Conway, Jarrold, Kane & Trowse, 2007 for review)et#myvall
conceptualisations agree that working memsrg system that allows the temporary storage
and processing./of information, and thatrking memoryeither includes an attentional
component’(e.gy, the central executive in the model proposed by Baddeley, 2000; Baddeley &
Hitch, 1974), or'is embedded in a broader limited-capacity system of controlled attention
(e.g., Kane, Bleckley, Conway, & Engle, 200h)each conceptualisatipworking memory
and attention control are explicitly linked. Theoralig, trainingimprovement in working
memory may therefore influence the ability to contaskrelatedattention Taskrelated
attentionis the.ability to maintairithefocus of attention when completing mental activities to
ensure thatrelevant informati is acquired, anthat distraction isninimised (Unsworth &
Spillers;2010). Failure in the control of task related attention, such thataitendiverted
away from thestask at hand, is often referred to as mind wanderingieMay & Kane,
2012),and has a negative impact on task performalkaed et al., 2007 Indeed, both
working memory and control of attention are strong predictors of academic pemfmem
(Gathercole & Alloway, 2008_ui & Tannock, 2007)Consistent with the theoretical links
between working memory and attention, the experience of mind wandepreglicted by
the individual’sworking memory capacity, such that those with greater working memory
capacity will experience fewer taskirelated thoughts during task completiaiieet al.,
2007; McVay.& Kane, 2012). Thus, a key claim made by Cogmed J281iéat working
memory training will also improvehe ability to focus attentioand resist distractionyhich
will have ascascade effect tearning outcomes for reading and mathéos

Current literature on the impact of CWMT on attentimmtrolindicates that training
improvesperformance on assessments of selective (e.g., Stroop task) and sustained (e.g.,
go/no go tasks) attentioMglby-Lervag & Hulme, 2013Shipstead et al., 201Z)owever
the capacity to maintain attention does not solely predictitalsiked attentiom everyday
settings due to other internal factors such as motivation and interest (Un&wdaMillan,

2013), ad external factors such as environmental distrag¢iisher, Godwin, & Seltman,
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2014).Further, structuredssessments of attentioontrolused to measure improvement
following CWMT are alsasimilar to the training task&or example, the Stroop task requires
the child to aend to computerised, colourfstimuli fora number of secondas completed

in training. As the content and procedure of psychometric assessmeriégrowith training
tasks, improvement on attention measures may reflect improvement in relativedpeasic
strategieslndeed, there has only been one study to show that children demonstrate
improvement in attentiofollowing CWMT on a task other than the Stroop or go/no go tasks
(Thorell etyal., 2008), and this study did determine if gains were maintained at a foHow

up assessmerlassroorrbased assessment of taskated attention may therefore provide a
more accurate indication of thmpactof CWMT on everyday attention regulation.

One'way of assessimggntrol oftaskrelated attention in an everyday setting is
through administering thought probes during task completion (McVay, Kane, & Kwapil,
2009 Risko, Anderson, Sarwal, Engelhardt, & Kingstone, 2012). Thought paobes
guestions thaquery the focus of attention (e.g., ‘what were you thinking aabght before
this questiorappeared?’), and are administenmeavritten form (usually by a computer) at
random intervals during task completion. For each probe, participants indicatemtheth
thoughts weréaskrelated ortaskunrelated Compared to coding of behavipas
commonly completed with children (e.qg., Fisher et al., 2Gihélght probes provide more
direct measurement of the focus of attention. For example, coding of behamaypwelassify
a child as offtask if their gaze was fixkon a distant objectvhich may occuwhenmentally
performinga math calculationThought probes therefore provide a good measure of task-
related attention for chilén of an age when metacognitskills are develope(Schneider,
2008) and mayndicate the effect of CWM®n attentiorregulation in a school setting.

Although CWMT has traditionally focused on improving academic performance,
cognitive training programmes have the potential to improve cogsitille that may protect
against psychopathologgdeKeshavan et al., 2014). For example, working memory and
controlled rattention impact the ability to engage in cognitive reappraisalll which assists
an individualtosresponfiiexibility to emotional eventandaidsemotion regulation
(Hendricks«& Buchanan, 2018vaugh & Koster, 2014). Training control of attentioay
therefore helpsa. chiltb disengage from negative thought patterns, and refocus attention on a
more adaptive topic, thus aiding regulation of negative emotion (Joormann & Tanovic, 2015;
Waugh & Koster, 2014). As maintenance of gdiaécted attention is also needed to execute
planned behaviour, training may also impact behaviour regulation and the management of

social interactior{Stegge & Terwogt, 2007ifficulties in affect regulation and social
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perception often predate the onseswghptoms (Keshavan et al., 201As a result

intervening to improve management of emotion and behaviour in healthy individuals may
thereby slow or prevent the onset of mental health disorders (Piet & Hougaard, 2011). Ma
individuals will experience their first mental health difficulties in adolescence (Lewinsohn,
Clarke, Seely;& Rohde, 1994), thus exploring whether CWMT may improve emotion and
behaviourfregulation skills in a natfinical sampleof children may have important
implications for preventate research.

There is some evidence of a positive impact of working memory training on these
regulation skills.in norelinical samplesln healthy adlis, working memorytraining
improvesperformance on behavioural measuresmbtion regulation (Schweizer, Grahn,
Hampshire; Mohbs, & Dalgleish, 2013), and redwreggdala reactivity to aversive
information (Cohen et al., 2016). Working memory training has also been demonstrated to
reduce emotional vulnerability in university studestsisk of developing clinical anxiety
(Sari, Koster, Pourtios, & Derakshan, 2015). The impact of working memory training on
emotion regulation has not yet been explored in children. In terms of behaviour regulation,
previous werk-hasstablished thaCWMT does not improveehavioural symptoms of
Attention Defieit HyperactivityDisorder (ADHD)in children(for metaanalysis seRapport,
Orban, Kofler'& Firedman, 2013). However, poor behavioural self-regulation is a premorbid
predictor of later psychologitdifficulty (e.g., Dawes, Tarter, & Kirisci, 1997), suggesting
that training behaviour regulation in those without significant symptomatolog\stitidyave
a preventative effectn a nonclinical sample, target behaviours are disruptive to legrar
social interaction (e.grule breaking) but do not create the level of impairment experienced
by those with a behavioural disorder.a small, normativeample (N = 15), Roughan and
Hadwin(2011) demonstrated th@WMT improvedteacheireported behaviour difficulties
relative to a neintervention control group. @trolled assessment of this effagth a larger
samplewilloffer firmer conclusions on wheth@WMT mayimpact behaviour radation in
non-<linical'samplesWe therefore examined the impact@VMT on everyday challenges
to emotionalbehavioural, and social regulation to explore whether trainingffaag
potential avenue for reducing risk of future sympatiogy.

In sum,this study sought to determine the effecGWMT ontaskrelated attention
during academic tasks, and subsequeattgdemic performancé/e hypothesised that the
number of task-unrelated thoughts during task completion would mediate the impact of
training on the individual’'sacademic performance at pasdining and three month follow-

up, such that a larger decrease in the number ofutasidated thoughts would lead to greater
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improvement in academic performané¢e alsoexploredwhetherCWMT improved
regulation of social, emotional, and behaviouwtfahllengesWe hypothesised that students
who completed activ€EWMT would experience feweaeacheireported social, emotional,
and behavioural difficulties at postining and three month follow-up, relatite those who

completed noradaptive placebo) training, ono training.

Method
Participants

A one-tailed power calculation estimating the previously obsenesheffect of
school-based trainingl & .60; Holmes & Gathercole, 201dh academic performaedi.e.,
reading, mathematic#) a controlled study witlprimary school children indicated that 36
participants were needed per conditidio allow for theaveragel0% attrition in Cogmed
trials (Melby-Lervag & Hulme, 2018 we aimed to recruit 40 participants in each condition.

The two participating primary schisovere in the metropolitan aredAdelaide,
South Australia. Invitations to participate were sent to 163 students, of whom 148 (80
females)provided informed consentlean age of participants was 12.25 ye8x € 6.66
months, range.= 10.58 years — 13yB@rs). As training was completed in class, cluster
randomisation was required. A compugemeratedandom number table was used to
allocate each.elass of students to condition (Active training, Placebafi\giive training,
Passive ©ntrol). Theparticipationdiagram is presented in Figure 1. No exclusion criteria
were implemented to maximize the generalisablity of our findings to all schédierhi
Ethnicity of thesample wa$8.6% Caucasian, 8% Asian, and 3.4% Middle Easidrere
was no significandifference between conditions in ethnicit§(8) = 9.22,p = .32, agey®
(58) = 74.91p = .07, or genden? (2) = 4.07 p = .13. Three students experienced auditory
processing.disorder, omxperiencedhigh functioning autism spectrum disorder, and four
experiencéd.hearing impairments. Random allocation saw that these students were
randomized-betweeronditions.

[Figured]

CWMT

Active. We usedhe RM version of Cogmed Working Memory Training (Cogmed, 2014).
Training involved completing a seriesinferactive verbal and visuaspatialcomputertasks

thatrequire the maintenance and reordering of informaion.example, one task requires

the child to remember the order in which boxes are lit, and repeat the sequeneetimgsel
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the appropriate boxes. The progragscaffolded the difficulty of trials to the child’s
ongoing performancé-or full details seewww.cogmed.com/rmParticipants completed the
trainingfor 45 minutes every school day for five weeks, supervisaetbpcheiWe
attempted tarain four teachers in the Coach training provided by Cogmvaatl teaches the
individualFhewto manage the technical aspects of the computerised trainingypragca
however, two teachestatedthe training was too difficult and did not complete the
progranme. All"'teachergonsequentlgupervised the training sessipaad the first author

oversaw the technical administration of training.

Non-adaptive, An unscaffolded version of Cogmed training was used as a plabeiioing
was also completed on a yabasis forfive weeks, however, the trials were radaptive.
That is, the difficulty of the training taskg&ldhot increaseTraining time is consistently
lower in nonadaptive relative to adaptive traini{@hacko et al., 2013Y.0 approximate
non-specific treatment effectsetween conditionsye increasedhe number of trialgh each
trainingsession (and thereby training tinfej the Non-adaptive condition.
Outcome measures

Reading.comprehension. The Progressive Achievement TestReading PAT-R;
ACER, 2013is a standardised assessment of reading achievement. In-enfoute period,
participants read seveshort articles and completedmultiplechoice test on the content of
the articlesThe number of correct items wased in all analyses. This measure possess test
retest reliability (ACER, 2013) and is used to index reading achievement in lfarstra

schools, thereby increasing axternal validity. Internal consistency in our sample was
adequatedq = .86).

Mathematical ability. The mathematics version dhe Progressive Achievement Test
(PAT-M;ACER, 2013) consists of 40 questions amies, algebra, geometry,
measurementjatistics,and pobability. Participants were required to select the correct
answer from 5 multiplehoice optionsThe number of correct items wased inanalyses.

The measure demonstrates good predictive validity for academic grades (Fogartya2®07)

internal consistencyas adequate in our samipte= .86).

Taskrelated attentionVe randomly administered ten computerised thought probes,
at a rate of one everyd minutes, during the reading comprehension and mathematics tasks.
This procedure was taken from previous examinations ofrtdated attetion (e.g., McVay

& Kane, 2011). A tone signaled each thought probe, and the computer screen read ‘please
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click what you were thinking about just before you heard the beep’. Participantsaddigat

was doing the task, b) | was thinking about other ways to do the task, c) | was thinking about
other stuff I've learnt that’s related to the tadk) was thinking about a memory, €) | was
thinking about the future, f) | was thinking about something else that’s not on this list.
Explicit instructions were given to report on the thought experienced directly before the
probe, not‘all thoughts experienced since the last probe. Participants wereealbyp dir
instructed that they needed to be honest, and that it did not matter if theegatéhinking

about thaask. Responses and b)wvere coded as tagklated, and c), d), e) and f) responses

were coded.as,unrelated to the tdsternalconsistency was adequate fesponses during

reading & ==79) and mathematice € .78). Number of tasknrelated thoughts was used in

analyss.

Socialyemotional and behavioural difficulties. The Child Behavior Checklis{CBCL)
is a valid and-reliable assessment of children’s emotional prohbenayioual problems
andsocial competencigg&\chenbach & Rescorl2001).We used this measure as we were
interested'in‘everyday regulation of such challenges, rather than clinical levels of
psychological symptomsThe checklist is comprised of twaubscalesnternalizing
problems (anxiety, withdrawn/depression, somatic complaints, thought problems, and
inattention) and. externalizing problems (aggressive behaviour, rule breakirsgpcad
problems). @nvergent validityexistswith psychological symptom measures (Nakamura,
Ebesutani, Bernstein, & Chorpita, 2008oth parent-and teachereport versions of the
checklist were administered pt@ining, post-training andtthree month follow-up. Due to
poor returnsrates fromparents (59% failed to return the CBCL at post-training, and 63% at
follow-up), enlyteachereport CBCLdata were analysed. Normed scomese used in
analysis.

Working memory. We administered a verbal working memangasure that utilised
both storage and processing components. The Working Memory Index (WMI) of the
Wechsler Intelligence Scale f@hildren, &' edition (VISC-IV; Wechsler, 2003 includes
Digit Span (Forwards and Backwards) and Letter Number Sequencing subtests. Both subtests
have adequate testtest reliability(r = .83 for each subtest; Wechsler, 2003)ernal
consistencyvas adequate for this sampée<.74).Pretraining scores were in the Average
range for all conditions (Passive ContkbE 92.78,9D = 11.33; Non-adaptivel = 93.11,

D = 8.59; ActiveM = 90.50,SD = 12.29).
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Attention measures. Three subtests of the Test of Everyday Attention for Children
(TEA-CH; Manly, Robertson, Anderson, & Nimmo-Smith, 1988)essed the child’s
capacity to control attention. The TE2H possesses adequate psychometric properties and
normsfor Australian student@Vanly et al., 1999)We assessdubthsustained and selective
attentionto'provide a global indication of attent@apacity Sustained attention was assessed
using the Score and Score DT subtests. The Score subtest involves ten trials in which
participants are required to count between 9 and 15 audio tones. The length of silence
between tenes is variablat the end of each trigharticipans mustreport the numheof
sounds they, counte8caled score for number of correct trials was usexhalysis. The
Score DT subtest adds distracting stino the trials. A news repopiays continuously
throughoutthe trial, and participants are required to both coutdrtee and report the
animal mentioned in the report. One paathis given for the correct naming of animal and
number of tonesfhe Map Mission subtesheasuresekective attention. Participants ree
required to search a map for one minute, and circldeigithat represe a restaurant.
Distractorsymbols are interspersed with 80 target symbols. The scaled score for number of

identified targets' was used in analysis.

Procedure

The authors have no conflict of interest to decl@hgs trialreceived ethics approval
andwas registered with th&ustralian New Zealand Clinical Trials Registry
(ACTRN1261400085265). Head teachers of three primary schools were approached, two
of whichconsentedo participate. Three teachers at each school gave cdosecdrporate
CWMT into the class schedule. Once teachers had given consent, their class was cluster
randomised to conditiofhis was completed withiachool to ensure thabth schoa had
one class n each conditio.parent provided informed consent atadents gave assent,
thentraining.allocation was revealed. Teachers, parents, and participants were blind to
whether the"participant completed active or-adaptive training, but we were unable to
conceal condition for the Passive Control group.

Assessts administering and scoring the cognitive and academic measures were blind
to condition Pretraining assessments involved two group sessions at the school. In one

session, students completed the reading comprehension (with thought probes) and Score and

! Please note that data collection had begun when the record beaakgewnline.The working
memory and attention measures were also not listed on thierediprotocol, as they were not primary or
secondary outcomes of interest.
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Score DT tasks. In the other, the mathematics task (with thought probes), and Map Miss
were completed. Sessions were counterbalanced between participants. Participants also
completed the WMI in a on®-onesessionand class teachecempleted the CBCLEive

weeks of training was subsequently completed. The Control condition continued with their
regular sechoeol'schedule for this period. Post-training assessments (iteg teup

sessions, one individual session and CBCLs) were conducted within one weekirag trai
completion. Followap sessions (all measures) were completed three months after the
completion of training (school continued in this timéd. adverse effectsr harms were

reported.

Results
Data analysi's approach

We completed intertb-treat analysis usininear mixedeffectsmodelscreated with
thelme4packagdBates, Maechler, Bolker, & Walker, 2018 R (R Development Core
Team, 2011)For individual predictorsve presenb coefficients (and standard err@eb),
the significanee©f which is determined by the associated 95% confidence irAsriral.
regression,.a‘reference group was used for multi-level preditiotbe effect of time, we
used pre-training, and whexaminng the difference between conditiomge used Passive
Control. Whenrmaking comparisons in this way, a negétiaue indicates an effect in
favour of the reference group. The initial model included a random effect of schooltsthe fi
step added mainfefcts of condition and time, and the final step added the interaction. Non
significant interactions were further investigated by calculating the Bayes factor in favour of
the null hypothesis, which presents evidence for no difference between conditionsge cha
from pretraining to followup (with school as a random effect). Model statistics and Bayes
factorsfor analysis of our hypothesase presented in Table 2
Training characteristics

Mean-performance on the academic achievement tests was in tlagévange
(ACER, 20&3)-for each condition at all three assessment peed$dble 1for descriptive
statisticorsoutcome measurgdarticipants were classified as completéetkey finished 20
training daysiModerate compliance was achieyedth 70.4% (n = 38) of the Active
condition and 60% (n = 27) of the Non-adaptive condition completing training. Training
gains on the Cogmed Improvement Index were comparable to the average training
improvement (of 24; Holmes & Gathercole, 2014), and did notfgignily differ between
children who did (M = 30.32, SD = 26.97) and did not (M = 23.38, SD = 16(iiplete

This article is protected by copyright. All rights reserved



11

training t(52) =- 0.96,p = .34.Training time was significantly lower in the N@adaptive ¢
= 30.54 minutes§D = 5.04) compared to Active conditiom (= 37.11 minutessD = 9.55),
1(84.95) = -4.42p < .001, despite increasing the trials in the Malaptive condition.
However, both means were within the desired 30-45 minutes of daily training (Cogmed,
2016).

[Table 1]

[Table?2]
Task-related attention

Using the above steps, we first created a model predicting the total number of task-
unrelated theughts during both mathematics and reading comprehension tasks, ¥ (4) =31.40,
p <.001, random effe@D = 0.92. A main effect of time was observed, suchdhat
conditionsexperienced a decrease in thembe of taskunrelated thoughtisom pretraining
to follow-up,b =-2.17,SEb = 0.58, [-3.33, -1.01], although post-training did not differ from
pre-training,b = -0.95,SEb = 0.58, [-2.09, 0.Z24 A main effect of condition was also evident,
such that the Passiveofitrol condition wasignificantly different fromthe Active condition,
b=-1.42,SEb=.0.58, [-2.59, -0.34], but not the Non-adaptive condition,1.19,5Eb =
0.61, [-0.05; 2.37]Active and Nonadaptive conditions also differeldl= 2.61,5Eb = 0.58,
[1.45, 3(7%. Adding the interaction between condition and time resulted in sigmificant
model. The Bayes factor in favour of the null hypothesis indicated strong evidence for the
absege of an interaction.
Academic performance

We nextcreated anodel predictingperformance on the reading comprehension task,
v*(4) = 34/48p <.001, random effe@D = 0.01. Although there was no significant
improvement at post-training,= 1.96,SEb = 1.40, [-0.80, 4.55Rll conditionsexperienced
significantimprovement in performance from prainingto follow-up,b = 2.95,SEb = 1.40,
[0.17, 5.58]..Wealso observed a main effect of condition. Reading comprehension was
significantly-different between the Passiver@rol and Active conditiond) =-3.78,SEb =
1.39, [-6.45¢=1:13]. The Noadaptive condition didot siquificantly differ from Passive
Control,b.=#1.85,5Eb = 1.47, [-4.79, 0.88], or Active conditionts= 1.93,5Eb = 1.40, [-
0.86, 4.80[Theaddition of the interaction termas non-significantyith the Bayes factor
indicting strong evidence for the null hypothesis.

The next model predicted mathematics performance, ¥*(4) = 22.49p < .001, random
effectSD = 3.01.A main effect of time indicated that albnditionsexperienced significant
improvement from pre- to post-training= 2.94,SEb = 1.29, [0.42, 5.49], but that this
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improvemenwas not susined at followup,b = 1.79,SEb = 1.29, [0.70, 4.24]. We also
observed a significant main effect of condition, such that performance was sigftyfic
different betweeinthe Passiv€ontrolandNon-adaptive conditiond) = -4.44,SEb = 1.36, [-
7.17, -1.74]. ThéActive condiion also differed from Passiveo@trol,b =-3.12,SEb = 1.29,
[-5.79, -0:54)There was no evidence of a difference between Active aneaNaptive
conditionsp =-1.32,SEb = 1.27, [-3.81, 1.03]. Nmmteraction was evident between
condition and time. Again, the Bayes factor indicated strong evidence for the null hypothesis
Indirect effects. We also predicted that training would indirectly imprasademic
performance through impacting task-related attention during task completion. When the
independent variable does not uniquely predict the outcome variable, an indeeicinaly
be erroneagusly rejected by Baron and Kenny’s (198&)equisitegHayes, 2013Preacher &
Hayes, 2004)We therefore assessed indirect efféistough taskelated attentiomising
ProcesgHayes, 2012) to create 10, 000 bootstrapped sarfpi@ach analys. No evidence
was found for indirect effects on reading comprehen@bposttraining,b =.13,SEb = .25,
[-.16, .93];follow-up,b = .13,SEb = 0.25, [-0.14, 1.02]) or mathematics (at post-training,
.13,SEb = 0:24,,[=0.13, 1.00]; follow-uph = .26,SEb = 0.34, [-0.18, 1.21].

Social, emotional and behavioural issues

We next determined the effect of training on teacher-reported social, emotional, and
behavioural difficulties. We created a series of models predicting normexs sgothe
CBCL, using thesame steps axbove. [@spite persistence from researchers, a large number
of CBCLs(37%) were not received from teachers at follap. Due to a disproportionate
amount of missing data between conditions, we chose to only examine change in CBCL
scores between prand post-training.

Nonsignificantinitial models indicated no main effects of time or condition in
predictingtotalinternalizing problemgy? (3) = 6.64,p = .08, random effec$D = 3.60) or
externalizingsproblemg? (3) = 2.04,p = .56, random effec®D = 1.88). There was also no
evidence feran interaction between condition and time in predicting internalizing or
externalizingpreblems (see Table 2)urther exploration of the CBCL subscales yielded
non-significant initial models, that is, no evidence for main effects of conditibmey for
aggressiomf (3) = 1.11p = 0.77, random effe@ = 0.56),social problems (x*(3) = 4.07,

p = 0.25, random effe@D = 0.35), hyperactivity (°(3) = 3.07,p = 0.38, random effe@D =
0.63), andule breaking behaviour (3°(3) = 6.45p = 0.09, random effe@D = 0.53). Though
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significant models were found, there were no main effects of condition or time aticom
complaints (y°(3) = 9.81,p = 0.02, random effe@D = 0.03) or anxiety (x*(3) = 9.06,p =
0.03, random effe®D = 0.57).There was a main effeof condition on depressioty?(3) =
10.69,p = 0.01, random effe@ = 0.29, such that thé&lon-adaptive condition
demonstrated-a‘lower score thanAwtive condition p =-0.45,SEb = 0.16, [-0.78, -0.1],
along withfan effect of condition on thought problems, such thalidineadaptivecondition
demonstrated a lower score tHaassive Controb(=-0.42,SEb = 0.17, [-0.79, -0.1P. No
other effects were observed.

As demonstrated in Table 2, there was no evidence of interactions between condition
and time inypredicting any of the subscaksyes factors offered equivocal evidehaethe
null and altérnatéypothesis for all factors other than aggression, anxiety, and thought
problems, for which substantial evidence was found for the null hypothesis. In sum, neither
the Active or Nopadaptive conditions demonstrated any significant improvement in social,
emotional, or behavioal issues relative to Passiver@rol.
Capacity measures

We completed a final series of models to examine change in scopsgaiometric
assessments wforking memory and attention. There was no interaction between time and
conditiofiin predicting WML, 5*(4) = 6.98,p = .14, random effec$D = 0.01. We also found
no evidence fortraining effects on the Score, ¥*(4) = 6.59,p = .16, random effec®D = 0.02,
Score DT, ¥*(4)=1.68,p = .79, random effec®D = 0.89, or Map Mission taskg (4) =
3.69,p = .45, random effeD = 0.78. Bayes factors indicated strong evidence for the null
hypothesis on attention measures (Score = 5.09, Score DT = 7.23, Map Mission = 6.42), and

equivocal evidence for the nulind alternatéypothesis (0.01) for working memory.

Discussion

This.study explored whether schdmsedCWMT impactedboth academic and
psychologicabspects of school performan€ains were observed on the trained tasks, but
not on workingsmemory capacifgimilar to previous studies that compkkfellow-up
assessmemfverbal working memoryyelby-Lervag & Hulme, 2013)or the attention
capacity measure¥he Active training condition did not demonstrate any greater
improvement inaskrelated attentiorreading, mathematics, or regulation of emotional,
social, andbehavioural challengeselative to the Noradaptive and Passivertrol

conditions. Indeed, the Bayes Factors for our main outcome measures demonsbraged str
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evidence for the null hypothesis. Overall, no support wasgedvor a positive impact of
CWMT on everyday school functioning.

We have provided the first placebo-controlled examination of Wh€W&VIT may
aid regulation of everyday social, emotionald dehaviourathallengesNo evidence was
found fortraining effects on teacheeported capabilitiedVe recruited an unselected sample,
in line with'the progression aksearch on the impact wbrking memory training on
emotion regulation’in adultge §., Schweizer et al., 2013), amith our interest in potentially
preventative effects of training regulation. Although we found no evidence for working
memorytraining improving response to everyday social, emotional and behavioural
challenges, training may yield greater improvement for those childremmaithsignificant
regulation difficulties Use of samples sk of psychopathology (e.gurrent emotion
regulation issues, or family history of psychological disturbpand examination of sub-
clinical scores ogelf or parentreport psychological symptom measures therefore warrant
further exploration. Our study may benited bythe fact thateachers completing emotion
and behaviour ratings for the Passive Control camdivere aware that the stethad not
completed training, although the Non-Adaptive condition does control for demand and
expectancy.effects-urtherwe were only able to analyse one (sttertm) outcome point,
reflecting the difficulties in completing research orsthéactors irschool settings. @ther
investigation.eflongerm effects is therefore needed, as it may take some time for children
to apply trained skills to feelings and behaviour. In addition, although working memory
training with neutralstimuli leadso improved emotion regulation in adu{&ari et al., 2016
using training materials thatclude emotional stimulfas in Schweizer et al., 201®ay
have a greater impact @motion regulation skills. Other training techniques hold some
promise in improving social and emotional competence (e.g., mindfulness traiclrogest-
Reichl & Lawlor, 2010), however further exploration of the impact of cognitive training on
these outcomeslis warrant€@ur findings may be used to develop more targeted examination
of cognitive=based interventions for emotional, social, and behavioural regulaitbn, a
advancdransdiagnotic approaches to children’s wellbeing.

Thedack of training effect on taskarelated thoughts (aradso teacher ratings of
inattentior) indicates thaCWMT will not improve taskrelated attention ian academic
setting This finding, in addition taull effects on psychometric attention measures which do
not overlapwith training tasks, suggests that any attention gains do not generakse.
relationship betwen working memory antie experience daskunrelated thoughtsvhich

is often referred to as mind wanderingyisll theorigd and explored in adult samplesg.,
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McVay & Kane, 2009), however, litas not been empirically assessegdrimary school
children. The absence of an effectnairking memorytraining on taskunrelatel thoughts

may indicate that theelationship between working memory and mind wandering is in need
of further evaluation in childreAs mindfulness training haalsobeen found to improve
taskrelated-attention (Mrazek et al., 2013), future researchatsayvish to focus on the
impact of othernterventionson taskrelated attention

Finally, ourfindings add to growing evidence that CWMT will not improve academic
performancéMelby-Lervag & Hulme, 2013). The current study possessed a number of
strengths which lend weight to these findings, and build upon the limitations of previous
researchThese.nclude both active and passive control gragesjuate statistical power,
multiple indicators of performancealculation ofBayes Factors to assess evidence for the
null hypothesis, and consideration of random effects due to sampling. Our findings build
uponnull effects|in otherandomised, controlled trials (e.g., Dunning, Holmes, & Gathercole,
2013) to confirm thaCWMT will need to be reconsidered.

There area number of avenues that may be pursued to move the field forvwest
one difference.between our study and others that have demonstrated academianegrove
is that we recruited children of a range of academic ability and cognitiveitggpather than
only those experiencing impairment (e.g., Dahlin et al., 2013; Kuhn & Holling, 2014;
Holmes, Gathercole, & Dunning, 2009; Holmes & Gathercole, 2014). Although training
effects on verbal and visual spatial working memory measures apealaiger in
unselected samples such as qrekative to impaired samplestelby-Lervag & Hulme,

2013) this'is not observed on far transfer tasks such as academic performance, and most
evidence for training improvements on academic outcomes has been found in samples
experiencing academic or cognitive impairmentuiel research may therefore wish to
identify whetheithere aresomespecific populationfor whom CWMT ispotentially

beneficial.

Alternatively, it may be that the training tasks need to more closely reflect daily
activities. Explicit training in the coext of academic taskeay more directly impact
everyday.functioning. For example, working memory training may be embedded into
mathematics agctivities by incrementally increasing the working memory load during the
activity. Similarly, children may need explicit instruction in practical strategies that can help
them transfer trained effedisdaily functioning (Gathercole et al., 2012). Indeed, strategy
use may underlishy gains are seen on untrairtadks that areonceptually and

procedurallysimilar to he training tasks, but not aasks dissimilar to trainin@sthesetasks
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requiredifferent strategied-or example, working memory training improves grouping
strategies (i.e., temporal grouping of sequences of digits or letters into grobpeeof t
Dunning & Holmes, 2014), which may lead to improved performance on any trained or
untrained task which benefits from grouping of information. Further development and
refinement of'working memory training programmes may produce an effe@WislT does
not.

However, findings from the current and previsaadomised, controlled tria(g.g.,
Dunning, Holmes, & Gathercole, 2013) suggdhat it is more important toonsider why
working memory training does not impact daily functionifigeoretical rationale foraining
may need'to be'reconsidered (see Shipstead et al., 2012). Our findings dentbastrate
CWMT will'nat improve working memory capacity, consistent with fixed capacity ibgor
of working memory (see Engle, Tuholski, Laughlin, & Conway, 1999). Furbheresults
suggestheassumptiorthat repeated practice using working memory gaéheralise and
improveother cognitive skillss incorrect As such we encourage developmentreiw
interventions that are able to improve academic and psychologicahoes for childreras
our results.add.to substantial evidence that CWMT will not improve stfaseld outcomes.
Supportingintormation
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Key points

. Cogmed Working Memory Training (CWMT) may form a novel approach to

optimising cognitive processes that enhance academic performance, but also has the potential
to improve the regulation of emotion, social problems, and behavioural difficulties

. 148 children were clusteandomised to active CWMT, placebo training, or no

training
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. No training effects were observed on control of tad&ted attention, academic
performance, or regulation of emotional, social or behavioural challenges
. Current working memory training programmes may need to be enhanced to impact
regulation of emotional, social, or behavioural challenges for children
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Table 1

PassiveControl Non-adaptive Active

Pre Post Follow up Pre Post Follow up Pre Post Follow up

Reading 128(48 (12.05) 132.03 (12.48) 133.57 (11.49) 128.23 (10.46) 129.99 (10.50) 130.06 (11.40) 126.58 (10.76) 127.27 (11.18) 128.60 (11.90)

Mathematics 127.56.(9.87) 129.76 (12.57) 129.29 (11.13) 121.97 (8.65)* 127.23 (10.83) 124.62 (10.58) 125.02 (11.49) 126.61 (9.50) 126.4 (10.53)

TUT-Read 340 (2.74)  2.68(2.56) 1.61 (1.94) 3.30 (2.49) 2.59 (2.73) 257 (2.28)  2.02 (2.44)*  2.25(2.80)  1.26 (2.26)
TUT-Math 295 (2.75)  3.26 (2.78) 3.31(2.80) 4.51 (2.57)* 2.47 (2.56) 3.50 (2.91) 2.78 (2.50) 2.46 (2.70)  1.74 (2.65)
Internal 4373578.02) 41.86 (5.85) 41.93 (6.20) 42.33(6.92)  42.26 (5.55) 41.57 (5.21) 44.98 (8.52) 41.74(5.23)  39.54 (2.84)
External 4443076.37)  45.40 (6.68) 44.40 (5.77) 4557 (5.85)  44.41(5.09) 43.87(3.62) 46.48 (7.70)  45.11(5.72)  42.46 (0.51)

Mean (Standard Deviation) Performance on Outcome Measures by Condition at Pre-training, Post-training and Three Month Follow-up

Note. TUT-Read = number of tagsknrelated thoughts during the reading comprehension task;Maifi = number of taskinrelatedhoughts during the
mathematics taskyInternal = internalising problems indexed by the ChildiBeh&hecklist (CBCL; Achenbach & Rescorla, 200External= Externalising
problems indexed by'the CBCL

* value significantly different from thBassiveContrd condition atp < .05
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Table 2

Model Satistics for Hypothesised Interactions between Condition and Time.

26

Outcome

Chi Square

Random effect SD

Bayes &ctor

Taskrelated attention
Reading comprehension
Mathematics
Total internalising problems
Thought problems
Anxiety
Depression
Somatic complaints
Total externalising problems
Inattention
Aggresson
Rule breaking'behaviour
Hyperactivity.

Social difficulties

¥’ (4) =2.67,p= 61
x(4)=1.40p= .84
¥’ (4)=1.62p=.80
¥?(2)=2.99p=.22
v’ (2)=2.67p = .26
¥?(2)=0.98p = .61
x’(2) =5.22p =.07
x2(2) =2.84p = .24
¥’ (2) = 2.63p=.27
x*(2) =3.78p=.15
v*(2) = 0.74p = .69
y?(2)=1.61p = .45
¥?(2) =0.28p = .87

y?(2)=1.56p = .46

0.93

0.01

3.02

3.60

0.18

0.57

0.29

0.03

1.88

0.90

0.56

0.53

0.63

0.35

9.84

5.87

10.81

0.24

3.20

5.63

0.43

3.80

2.00 Note.

0.21 Random
effect SD

7.12
= standard

2.21 deviation

0.15 for the
random

1.60 effect of

school; Bayes factor is in favour of the null hypothesis (i.e., evidence for no diiffebetween conditions in

change from préraining to followup).
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