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Working Memory

¢ What is working memory?
& The capacity to process and remember information at the same time
¢ When do we use our working memory?

& Now!

& Listening comprehension makes intensive use of working memory
& Perceive what is said
¢ Retain what is said and combine with previously spoken information

& Deciphering the meaning of what is just said in the context of what was previously said
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Why 1s working memory
important?

o Strong associations between WM & academic performances

o Mathematics (for reviews, see Bull & Lee, 2014 Friso-
van den Bos et al,, 2013)

o Reading (Follmer, 2018; Peng et al, 2018)

o Standardised working memory scores predicted children’s
academic standing in mathematics with 83% accuracy
(Gathercole and Pickering, 2000)

Correlation ratios
between working
memory capacity and
math achievement
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& Capacity increases significantly from early childhood to
the adolescent years (Gathercole et al., 2004; Lee et al.,
Age & 2013)

iINndividual
differences

From Lee et al., (2013)

 Individual differences can be observed
even amongst kindergarten children







Klingberg et al., 2002

¢ Experiment 1

& 7-15-year-olds with ADHD (N = 14)
assigned to treatment and control

& Pretest & posttest

& Visuospatial WM (trained & non-trained),
Stroop, Raven’s, choice RT, head movement

¢ Training

¢ Visuospatial WM, backward digits, letter
span, choice RT @30 trials/day for ~24
days, increasing difficulties

& Control

® Same tasks @10 trials/day for ~24 days,
constant low level of difficulties
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Klingberg et al., 2002
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¢ Experiment 2
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& 20 to 29-year—0|ds 2345678 9_1{311 1213141516 |
university students (N = 4) day of training

& No control group
& Pretest & posttest

& Similar to Experiment 1
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¢ Training

® Same as Experiment 1 2 8 45678 8w e -
for ~26 dayS day of training day of training

Fig. 2. Improvement during training of the visuo-spatial WM task in four adult subjects. Each graph shows data
from a single individual.
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Successes & Disappointments

The search for transfer to math performance
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¢ Holmes et al., 2009

10-year-olds (N = 42) with low WM assigned to treatment and control o LN B lndl "
Non=-adaptive framning  Adaptive traimng Adaptive training
Pretest, posttest, delayed

G-month delay
. Figure 1 Impact of training on working memaory.
Automated Working Memory Assessment ; WASI; WORD; WOND
Training

Table 1 Impact of training on cognitive measures

CogMed; adaptive Non-adz

aptive

Adaptive
35 min/day ~ total 20 days Pre- to Pre- to

post- post- 6-mth Pre- to
Pre-training aining Post-training training follow-up follow-up
o o o

Control

Non-adaptive version of
training

@ same dosage as
training group




Successes ||

Goldin et al., 2014
6 to 7-year-olds (N = 111) assigned to treatment and control
Pretest & posttest

Attentional Network Test, Stroop, Tower of London (no
WM), results on school administered tests

Training

Matamarote: separate working memory, planning, and
inhibition games; adaptive

Children played one of the games for 15 min/day - total
27 days

Control

Commercially available computer games @ same
dosage as training group

Mean school grades

Mean school grades

Low attendance

- Control
B Tained

nd bim 4th bim Znd bim 4th bim
Language & Math Informal

High attendance

Znd him dth bim Znd bim 4th bim
[Lanpuape & Math Informal




Disappointments |

& Alloway et al., 2013

10 to 11-year-olds (N = 94) with learning difficulties
assigned to treatment and control

Pretest, posttest, delayed

Quicksand Code Breaker River Crossing
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Think fast! Solve the problem!

Remember locations Challenge spatial skills with Improve waorking memory

of letters and words to complex letter rotations to with math problems that

improve mental processing. boost reading skills, increase in difficulty as you
progress.

> Automated Working Memory Assessment ; WASI;

WORD; WOND
Training
> Jungle Memory; adaptive
15 min/day; four time/week ~ 8 weeks
Control
Passive

> Active; same training game but @ once/week ~
weeks

Table 2
Diftference between pre-test scores and post-test scores (Time 2-Time 1) as a function
of group.
Measures Monactive Active control Trainimg group
control (WMT-Low ) {WMT-High)

Verbal WM 4 15"

Visuo-spatial WM 2 12°
1Q: vocab (Verbal) r
I0): matrix { Monwerbal ) 10
Spelling i 4°
Math 0 2

8 MNote: Data for the Matrix test are only available for the WMT-High group.
" Indicates a significant difference between pre- and post-training scores (p =< 01 ).




Single Word Reading

Disappointments |l
& Henry, Messer et al. 2014 é’j 110 I 1
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Table 3. Outcome Comparisons At 6, 12, and 24 Months

Adjusted
Mean (503 Score Mean Difference

Qutcome Variable Intervention Arm*  Control Arm* (95%CI)®

6-mo Outcomes
AWMA
Digit recall

isappointments |l

WAS
12-mo Out
WRAT4 (primary outcome)
Word reading
Sentence comprehe

Spelling

& Roberts et al., 2016 Siath Fomputation

6 to 7-year-olds (N = 452) with low WM assigned to treatment
and control

jard Digit Recall

Pretest, posttest, delayed nors 3 ADHD index T score

Automated Working Memory Assessment ; Wide Range pecst
AChlevement Test; WASI Psychosocial health

Physical health
] Teacher-reported measures
Tral n I ng ARS language and literacy
. ARS mathematical thinking
COg Med; adapt|Ve Approach to learning

24-mo Outco

Control

Passive

AWMA
Digit recall
Dot matrix 99.3 (
100.6

ward Digit Recall 101.5

otal difficulties
PedsQL
Psychosocial health

Physical health
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Disappointments ||

Table 11.1 Means and standard deviations (in parentheses) of the cutcome measures

Intervention Active control assive control
Task Pre-test Post-test | Pre-test Post-test | Pre-test Post-test
Pictorial Updating |47.12 35.6 47.92 49.25 51.05
& Angetal., 2019 P (1271)  |(1020)  |(1534)  |(1699) | (19.50)
: . oy : ; Listening Recall | 6.28 (2.61) | 7.5 4.54 (3.41) | 6.67(2.57) | 5.81 (3.93)
& 6 to 7-year-olds (N = 70) with learning difficulties in math 7
aSSIQned to treatment and Control rBEiL‘.k‘.;.'z'L]'i'_l Digit 8.38(2.34) 19.36 (3.01) | 8.08 (4.20) | 10.25 8.95 (4.20)
e ) (

Block Recall 22.24

& Pretest & posttest

Digit Recall

& Working Memory Test Battery for Children ;
Updating; WISC; WIAT; Schonell; BLAB \
Operations

& Traini ng Math P]'ﬁlh-lCI]]

Solving

& Four adaptive games based on the running span and ey - et oS L P
keep track paradigms Fluency - 4.16 (3.02) | 8.25 (4.50) | 4.42 (5.69) | 8.61 (4.58) |3
¢ 30 min/day; twice/week ~ 10 weeks Block Design 19.76 16.42
1) ( )

& C 0 ntrol Vocabulary .72
(4.112)

& Passive Scores in the table are raw scores

& Active; same dosage as training but no mnemonic
component



Getting slightly warmer

¢ Angetal., 2015

& 6 to 7-year-olds (N = 111) with learning difficulties in math
assigned to treatment and control

& Pretest, posttest, delayed

¢ Updating; Letter Rotation; Block Recall; Backward Digit;
|AT; Raven’s; SchoneII;BLAB

& Training

& Seven adaptivegames based on the running span and
keep track paradigms

¢ 30 min/day; 3-4/week ~ 8 weeks
¢ CogMed
& 45min/day; 3-4/week ~ 8 weeks
& Control
¢ Passive

& Active; same dosage as training but no mnemonic
component

— pdating
= = Cogmed
=== Active Control

«+««x++ Passive Control

Mean Animal Updating Score

Post 1
Time Point

——— Updating
= = Cogmed
= === Active Control

Passive Control

@
T
o
o
w
-
1]
@
o
x
7]
o
m
c
@
@
=

Post1 Post 2
Time Point

Fig. 2. Mean Animal Updating and Block Recall scores by condition and time of test.
The error bars depict standard errors.
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A lot warmer

¢ Munez, et al. (under review)
& 6 to 7-year-olds (N = 428) with learning

difficulties in math assigned to treatment (x3)
and control

Pretest, posttest, delayed

¢ Running Letters, Keep Track, N-Back, and
Complex Span task

© Number line, numerical discrimination,
WIAT

Training

% Non-numeric working memory based on
four paradigms as used in tests

¢ Numeracy
¢ Numeric working memory
¢ 10-15 min/day; 2-3/week ~ 40 weeks
Control

& Active; same dosage as training, similar to
non-numeric working memory training but
NO mMnemonic component
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The reviews



Shipstead et al., 2012

& Critiques

& Use of single tasks to measure WM capacity or other outcome constructs
& Use of transfer tests that are very similar to the method of training

& Conflation of STM with WM

& Lack of proper control — from no control group to passive and no-adaptive
control

& Use of subjective reports as outcome measures



The Reviews — negative findings

¢ Hulme and Melby-Lervag 2012; Melby-Lervag and Hulme 2013; Melby-Lervag et
al., 2016

¢ Evidence of short-term near and intermediate transfer, some evidence of long-term
facilitation for visuospatial working memory, but no far transfer

¢ Redick et al. 2015

¢ Provided additional criteria of rigour
¢ Need to show near transfer as bases for far transfer

& Transfer as the result of improvement in the treatment group (rather than deterioration in the
control)

¢ Studies considered more rigorous — no transfer to math
& Studies considered less rigorous — mixed findings on transfer to math



The Reviews — negative findings

& Sala & Gobet, 2017

& Focused on studies conducted with typically developing children

& Significant near or intermediate transfer, some evidence of far transfer to math
but deemed likely due to methodological issues (e.g., contrast with passive
rather than active control, lack of randomised assignment to group)

& Dougherty and Engle 2019

¢ Don’t buy the snake oill



The Reviews — positive findings

& Pappa, Biswas et al. 2020
¢ Based on neuromodulation evidence but still no far transfer (adults
& Peijnenborgh et al., 2016

& Focused on studies conducted with children with learning disabilities (mostly
ADHD)

& Significant near or intermediate transfer but evidence of far transfer for word
decoding only, not for arithmetic



Prognosis



Il concelved

& The bases for suspecting WM training will help improve math performance
seem sound

¢ Substantial correlational and experimental evidence of association between WM
& math

¢ Most WM training based on repetition of WM assessment tasks that have
been gamified

& Practice makes masters

& Some argue not (more later)
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REVIEW ARTICLE

What’s Working in Working Memory Training?

Thomas S. Redick ' + Zach Shipstcad2 .
Elizabeth A. Wiemers' « Monica .\Iclh_\'-L(.‘l‘\'ag" .
Charles Hulme*

P O O r ‘ y e X e C u -t e d An Educational Perspective

Table 1 Criteria for strong evidence of working memory training efficacy in educationally relevant context

(General
. Use of active control group
. Use of large sample sizes in each training and control group
. Use of objective measures
. Evidence for positive transfer results to working memory
. Transfer results follow a sensible pattem

. (Follow-up transfer assessment)

7. (Multiple measures of each construct)




Not quite there yet

¢ Existing intervention not having captured what is necessary to improve WM
¢ Melby-Lervag et al., 2016

% Highlighted the variety of cognitive processes involved in performing WM tasks

#® Argued for the need to stimulate changes in primary, secondary, and attentional control to
produce facilitation

& Practice leads to mastery (of something else)
¢ Meiran et al., 2019

¢ Argued that “WM training tasks gradually become less related to Gf due to the development of
task-specific skills that reduce reliance on WM. As a result, what is being trained in the
advanced stages of training is weakly related to WM and Gf”.



Alternative ways to improve WM

¢ Non-computerised intervention & Physical activities
& Rowe et al. 2019 ¢ de Greeff, Bosker et al. 2018; Welsch,
& Direct WM training and training skills requiring Alliott et al. 2021 (focusing on ADHD)
WM produced near transfer © Resistance and plain aerobic training least
¢ Insufficient study on far transfer for conclusions likely to produce facilitation (Diamond &
to be drawn Ling, 2020)
® Skill based training % Pointed to methodological issues
& Gathercole et al., 2019 & Mindfulness practices involving
& Emphasising efficient use of existing movement

capacity & Most likely to produce EF facilitation
(Diamond & Ling, 2020)

& Im, Stavas et al. 2021:; Yakobi, Smilek et al.
2024

¢ Blueberries!
& Hein, Whyte et al. 2019



Reflection

& Near transfer is often demonstrated, why is generalisation to math performance so
poor?

¢ Insufficient practice

¢ Children can deploy new working memory capabilities, but do not know that they are
applicable to math

& Core capacity was not or cannot be improved



Age &
iINndividual
differences

& Capacity increases significantly from early childhood to
the adolescent years (Gathercole et al., 2004; Lee et al.,

2013)

Updating: Pictorial Updating Task

Updating: Listening Recall Task Updating: Mr. X Task

From Lee et al., (2013)

 Individual differences can be observed
even amongst kindergarten children

« Rate of growth does not vary significantly
across individuals (Lee & Bull, 2016)

* [ndividual differences in WM,
observable from the early years,
remain stable and persistent through
childhood



Reflection

& Near transfer is often demonstrated, why is generalisation to math performance so
poor?

¢ Insufficient practice

¢ Children can deploy new working memory capabilities, but do not know that they are
applicable to math

& Core capacity was not or cannot be improved

% Starting at the Beginning

& Why did we start exploring the use of WM training to improve math performance?
¢ Math difficulties seem intractable with conventional math-based intervention

¢ Deficit amelioration
& More able children benefit more from training (Redick et al. 2015)
& Should we refocus on the quality of math instructions or math-based intervention
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