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Working memory intervention
programs for adults

A systematic review

Tania Maria Netto', Denise Vieira Greca’, Nicolle Zimmermann’,
Camila Oliveira®, Rochele Paz Fonseca®, ]. Landeira-Fernandez’

Abstract — This systematic review aimed to identify the designs, procedures, and results of empirical studies that
performed neuropsychological interventions on WM in adults. Methods: A PubMed and LILACS literature search
was conducted using the keywords working memory AND (training OR rehabilitation OR intervention) AND adult.
Results: Of the seven studies found, three were randomized controlled trials, two were case reports, one was a clinical
trial, and one was an evaluation study. With regard to the type of programs and samples, three studies employed
global programs with healthy elderly adults and four employed specific programs for samples with neurologically-
impaired adults. Conclusions: The effectiveness of the WM intervention programs was more evident in studies
that employed specific methods of rehabilitation for samples with neurological disorders than in those based on
global programs with healthy adults. There is a need for more empirical studies to verify the effectiveness of WM
intervention programs in order to provide adequate guidance for clinical neuropsychologists and future research.
Key words: working memory, rehabilitation, intervention studies, effectiveness, adults.

Programas de interven¢ao de memoria de trabalho em adultos: Uma revisao sistematica

Resumo — Essa revisao sistemadtica teve como objetivo identificar os delineamentos, procedimentos, e resultados
dos estudos empiricos que investigaram intervengdes neuropsicoldgicas de memoria de trabalho em adultos.
Meétodos: Foi realizada uma busca da literatura nas bases de dados PubMed e LILACS, utilizando as palavras-chave
memoria de trabalho working memory AND (training OR rehabilitation OR intervention) AND adult, ou memoria
de trabalho E (treino OU reabilitagdo OU intervencao) E adulto. Resultados: De sete estudos encontrados, trés
eram estudos randomizados controlados, dois eram relatos de casos, um era um ensaio clinico, e um estudo, de
avaliacdo neuropsicolégica. Em relacdo ao tipo de programa e amostra, trés estudos foram conduzidos utilizando
programas globais de interven¢ao com idosos sauddveis e quatro utilizaram-se de programas especificos de
interven¢ao com amostras clinicas de pacientes neuroldgicos. Conclusdes: A efetividade dos programas de
interven¢ao em memoria de trabalho foi mais evidente em estudos que empregaram métodos especificos de
reabilitagdo com amostras clinicas neurolégicas, quando comparados aqueles baseados em programas gerais
de interven¢ao com adultos saudédveis. Existe necessidade de estudos empiricos que verifiquem a eficicia de
programas de interven¢ao em memdria de trabalho que possam contribuir com orientagoes adequadas para
neuropsicol6gos clinicos e para futuras pesquisas.

Palavras-chave: memoria de trabalho, reabilitacao, estudos de intervengao, efetividade, adultos.
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This study entailed a systematical review of the evi-
dence-based practices of working memory (WM) interven-
tion programs in the context of clinical neuropsychology
and neuroscience. Working memory is a neuropsychologi-
cal construct, that when impaired, can interfere in simple
and complex everyday tasks of an individual’s life. Several
studies on WM assessments'? as well as multiple-memory-
system processing”’ can be found in the literature which
employ methodological rigor. However, to the best of our
knowledge, studies about WM intervention processes with
methodological rigor have yet to be fully explored.

Neuropsychological rehabilitation, one of the most
studied and well known areas of intervention in neurop-
sychology, is concerned with the improvement of cogni-
tive, behavioral, emotional, and psychosocial deficits that
result from brain injury. Furthermore, it is a process in
which damaged individuals work together with a pro-
fessional team to remedy or alleviate acquired cognitive
impairments.®” With regard to different types of cognitive
rehabilitation, including all of its possible features and re-
lated variables, no consensual taxonomy can be found in
the literature. Considering the number of cognitive do-
mains to be improved, neuropsychological rehabilitation
can be divided into two main groups: global and specific.
Global rehabilitation seeks to ameliorate several cognitive
domains, such as memory, attention, and executive func-
tion, whereas specific rehabilitation seeks to improve a par-
ticular cognitive function, such as memory.*

Working memory is fundamental to the individual
processing of complex cognitive thoughts, such as prob-
lem solving, language, decision-making, and the execu-
tion of actions. It is a multi-component system used not
only for temporary storage under attentional control, but
also for the manipulation of information. Regarding WM
processing, different theoretical models of WM have been
proposed in the context of neuroscience. The most influ-
ential of these models was proposed by Baddeley and Hitch
(1974).%° In their model, WM consists of three subsystems:
the central executive and two others subsidiary slave sys-
tems (i.e. the phonological loop and visuospatial sketch-
pad). The central executive, an attentional controller, is the
most important subsystem of the WM multi-component
model, coordinating and scheduling mental operations,
processing the capacity to focus, divide and switch atten-
tion, and provides a link between the two slave systems
and long-term memory.”'® According to recent studies, this
component appears to have two forms of control. One is
automatic, such as consolidated habits (e.g. riding a bike)
that require almost no attention, and another which de-
pends on the limited attention of the central executive.”!!

In relation to the slave subcomponents, the phono-
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logical loop is responsible for the temporary storage of
verbal-acoustic information. This system comprises two
subcomponents: [1] the phonological store, in which rep-
resentations of verbal material, such as word lists, are kept
and [2] a subvocal rehearsal mechanism that maintains
information in the phonological loop.> The visuospatial
sketchpad is responsible for processing visual and spatial
information and consists of two components: [1] “passive”
visual storage and [2] an active mechanism that maintains
the contents of visuospatial storage.

The current model of WM, originally proposed by Bad-
deley (2000),* has undergone two important changes: [1]
connection of the phonological loop and visual-spatial
sketchpad to long-term memory and [2] the addition of a
fourth component, the episodic buffer, which was assumed
to have a limited capacity and to directly obtain informa-
tion from the other WM subcomponents and long-term
memory, transforming it into coherent episodes.'' The
episodic buffer can be defined as an interface between a
number of other different cognitive sources, such as visual,
verbal, and perceptual codes, and long-term, semantic, and
episodic memories. The episodic buffer differs from long-
term episodic memory, because of its temporary storage.
Also, it has been hypothesized to act as a workplace in con-
scious awareness.*'?

Different neurological and psychiatric pathologies may
alter WM, resulting in substantial impairments affecting an
individual’s life. Degenerative disease studies have found
that WM is affected during the early stages of Alzheimer’s
disease’*'® and also multiple sclerosis.''® Moreover, deficits
in WM are quite common in brain injury and stroke."*
Furthermore, neuropsychological deficits in affective dis-
orders have been a topic of increasing research. Initially, re-
search was focused mainly on depression, which found psy-
chomotor slowing and deficits in attention, verbal memory,
WM, and executive function.’** But with time, research
has expanded to encompass other affective disorders, in-
cluding schizophrenia and bipolar disorder. With regard to
schizophrenia, deficits in WM and executive function are
frequently observed.?*? Similarly, evidence is beginning
to emerge that WM may also be a core feature of bipolar
disorder.®

Based on the relevance of theoretical and methodologi-
cal issues, the consequences of WM impairments on an
individual’s life, and the sparse evidence-based studies on
WM intervention programs available in the scientific litera-
ture, systematic reviews in this area have become increas-
ingly important. To our knowledge, no systematic reviews
have yet been published on WM intervention programs.
Only one non-systematic review about training of the ex-
ecutive component of WM was found in the PubMed data-
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base.” This previous article investigated different issues to
those focused in the present paper and explored the neural
basis, transfer effects, and age-related changes after training.

The aim of the present systematic review was to present
a spectrum of empirical studies on WM interventions in
adults, describing and analyzing their designs, procedures,
and results. This knowledge may contribute to evidence-
based guidance for clinical practice and future research. In
order to achieve these goals, this review attempted to an-
swer the following specific questions: [1] Which evidence-
based studies in the national and international literature
have investigated neuropsychological interventions to im-
prove WM in adults? [2] Amongst the studies selected for
this review, what are their main methodological features
of designs, samples (control and clinical), assessments,
intervention procedures, and theoretical framework? [3]
What are the main results? [4] Which studies presented
clear evidence of neuropsychological intervention effec-
tiveness? The hypotheses for each research question are the
following: [1] Few studies in the national and international
literature have investigated neuropsychological interven-
tions to improve WM in adults. [2] The methodological
features will consist mostly of randomized controlled trials
and single-case studies with healthy and clinical samples
and WM assessments and intervention procedures based
on a theoretical framework. [3] Working memory train-
ing can improve WM performance in neuropsychological
tests. [4] Considering the global and specific types of inter-
ventions, the evidence of neuropsychological intervention
effectiveness will be attributable to specific approaches.
Additionally, with regard to study design, randomized
controlled trials are hypothesized to present the most in-
formative findings.

Methods

Two databases were consulted: LILACS (Latin Ameri-
can and Caribbean Health Sciences Literature) for national
studies, and PubMed for international studies. The terms
used were the following: working memory AND (interven-
tion OR rehabilitation OR training). The abstracts were
selected according to the following inclusion criteria: [1]
empirical designs, [2] English, French, Spanish, or Por-
tuguese written languages, [3] publication date between
2000-2010, [4] WM neuropsychological interventions, [5]
WM stimulation procedures clearly specified, [6] pre and
post-intervention assessments and [7] sample with adult
participants.

All studies were selected by one author and three exter-
nal judges, experts in this area.

The selected variables observed for later analysis were
the following: [1] Objective; [2] Method: samples (n, age,
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education, clinical characteristics, inclusion and exclusion
criteria), neuropsychological assessment (functions inves-
tigated and assessments tools), intervention (design, type
of rehabilitation, theoretical framework, procedures and
duration time); and [3] Results.

Results

The initial searches on the two data bases resulted in
a total of 643 articles. More specifically, 40 studies were
found on the LILACS data base, and 603 on PubMed. Af-
ter the post-inclusion criteria analysis, none of the articles
from LILACS were included and only 9 from PubMed were
selected. These results showed that after the analyses of the
inclusion criteria, no national studies were included.

Among the nine abstracts selected after the first screen-
ing, two were excluded, one was a study that presented a
case report in which the original version was already in-
cluded in this review, while the other presented WM in
its title but had no explicit neuropsychological assessment
procedure or WM intervention program. After these exclu-
sions, only 7 studies from PubMed remained, correspond-
ing to 1.08% of the initial search. The main features that
did not meet the inclusion criteria among the excluded
studies, were pharmacological and non-empirical cognitive
interventions, music stimulation, and samples composed
of children and adolescents.

Regarding study designs, three articles from the seven
selected studies were randomized controlled trials, one a
clinical trial, and another an evaluation study, with the last
two being case reports. These studies were organized into
two types of interventions: [1] global and [2] specific. Two
studies belonged to the global rehabilitation category, while
five were specific. The majority of the intervention studies
used a specific approach and were based on a randomized
controlled trial design, whereas case reports were the sec-
ond most frequent study type.

Table 1 describes the studies based on global inter-
vention categories whereas Table 2, shows those based on
specific approaches. In both tables, the main features pre-
sented by each study are summarized according to objec-
tive, sample, neuropsychological assessment, intervention
and results. The results of this analysis are presented in two
subsections below: global rehabilitation studies and specific
rehabilitation studies.

Global rehabilitation studies

Table 1 shows that both studies had the same objectives,
which was to verify the effectiveness of neuropsychologi-
cal interventions in healthy elderly adults by employing a
group modality. Moreover, these studies had common in-
clusion criteria (i.e., self-report of memory complaints).



Dement Neuropsychol 2010 September;4(3):222-231

*dnoi13 reyuowuradxa oty ut

AJUO pUNOJ 910M SINSAT FANISOJ «
‘Arowawr uonus0a1

10 ‘Arewrtrd ‘Sunyrom ur JudwW
-aaoxdwr pajepar-gururen) oyl .

‘TeaA puodds o) uo [ dnois ey
-uswradxa ur Juesyrusis A[eonsn
-€)s A[uo sem Arowrawr Jun{Iopy .

'sdnoid sa1)

ITe ur paroxdwr Apuedsyrudis sem
AIOUIdW UOTINOIXD JI30] JUDNY «
“Te2A PU0d3s o)

ur Aprenonaed ¢p dnoid [pjusw
-110dxd ur Arowaw derpawrwil

oM

12d uo1S$3s duO ‘sypam T :uonein(y (3)
‘sanbruyoa)

[eUI2)UT PUE [BUIAXD ‘UOTIEZIUESIO pUe
Sururea] s[[ys ATowaw :s21npadoid (p)
*IATIII[[0231 pUE P[0}

-U0 2I0W I3]0 3} PUe Paseq-A)LIerfiurej
PUE dIIRWOINE 10U SUO :[[BII JO SIUIU
-odwod 10(eWI 0M] U2IM]IQ DUIIJIP
{(166T) £4qode[ D{IOMaUIET) [€21321031[ T, (D)
"SIWIT) JUIATP J& Inq SuTuTeI) dUres

a1y 0) papruqns a1om sdnoxd ylog “Sur
-urex) [eosoyd4sd [11] pue quaradeuer
1208 [11] ‘S[[ys ATowdW [1] :sanpowt ¢ A1
-repour dnoi8 :uoneyriqeyas jo ad4y, (q)
“Tery eorurp :udisa(q (e)

29M B 201M] UOISSas 1od

[ G'T ‘SUOISSas 08T ‘s1eak ¢ :uonein(J (3)
‘erxerd pue

UOTJRUTPIOO0D [ENUBI-ONSIA “TOT)IUN] AT)
-NOaxd ‘AI[IqE 9ANONIISUO-0nsIA 9Fend
-ue] ‘AIOUWIAW ‘UOTIRIUILIO PUL UOIJUI)
-Je jo Sururen) aAnTuSod :saINPadoid (p)
“Sure)s s Joweyz[y jo [ppow

s eelq pue Yeelq Uo paseq Ioyine o) 4q
padofaasg »jIomawrey [ed132109Y ], (9)
‘(paurenun)

dnoid jonyuoo ¢(sjqejowny paziuedio ue
Surmorog Jou Inq 7 dnoid o reqiuurs) g
dnoi8 peyuowrradxe ¢(armynd Aderay [ed
-1snw “sa1deIa1]) 2ATIBUI[E S[[D]S [BID0S
aanrudod :Jururen) 1 dnoid [eyuswurrod
-X9 SUOT)OUNJ JANTUZ0D [[e SurA[oAuT (A1
-fepowr dnoi$ :uoneliqeyai jo ad4y, (q)
“Teyuduur

-1odxa-15€Enb ‘[eurpmyISuoy ‘purq-s[qnop

'$aL12))Bq
juarearnba nq juaioprp Inoj Gururen
19)je dn-mo[0] IUOW 9 B YIIM TJBd
sypuowt ¢ Aq pajeredas syuauIssasse won
-uaaId)uI-)sod pue -a14 :Aouanbarg (q)

K1owaw
Arepuodas pue Arewrid Lrowsw Jur
-YI0Mm :SaMI[Iqe pue suondung (e)

‘D0O-Svav

M om) pue £19)3eq TedrSooypLsdor
-NAU JUWIES Y} [JIM INOJ - OB SYIUOU
9 Jo sjuawssasse XI5 :Aouanbarg (q)
‘uonezr108ayed

‘uondRIISqe LAOUINTY SNUBWISS PUE dOU
-oyd ¢paads woneUIPIOOd [ENUBW-ONSIA
cuoneurpIood fenuewiq Suruued A
-[Iqe 2ATIONIISU0D-0NSIA dFendue] Sur
-pea1 pue ‘ua)iIm Kioyrpne ‘uonnodar
Surwreu enuajod Surures] sarIoUTIdUI
ULI2)-1I0YS PUB SI[ PIOM JUDAI O130]
UoTNDAX djeIpawuwl Arowow Sunrom

“uonpunysAp Lrowaur 10 aantusod jo syurerd
W05 2A122(qNS :WOLIANLId WOISNUL (9)
“(0z=u Sur

-urex) aye[) dnoid jonuod {(gz=u) Sururen
Ap1es :dnoi1d rejuowniadxy :sdnoin (q)
's1eaA /8 0] [/ WoIj

Suruer sade yym ‘synpe A[1app2 Surary
-yuopuadapur Ajedy] :28e pue ad4y, (&)

"2SBISIP OTUID)SAS asnqe
20UR)SqNS 10 [OT[0I[. JO A103STY ‘stajqord
[ero1aeyaq 10 ‘vonjejide ‘uorssardap
‘syre) oNoydAsd 219435 (I9PIOSIP [e2130[01
-nau 2ANeIdUZIP el uoIsnPXY (P)

‘Suruonouny em

-d9[[out ajenbope Guauriredwt A1ouwawr
10 BTJUIWAP OU :BIIALID UOISNU] (2)
‘parrodar ssoy ojdures ou ¢(¢g=u) dnoi3d
[onuod ¢(g9=u) 7z dnoid [ejuowrrodxa
(gg=u) [ dnoi3 [eyuswtrodxy :sdnoioy (q)
's1eaf 69 < age

‘s)[npe 19p[o
ur Arowowr wo werdoid Sururen
uoneN[Iqeyar 2ARIuS0d Ienpow
-I[NUW € JO $1291J0 ) AJLI2A O],

(£00T “Te 32 31e1D)
7€ Apmig

‘S[enpiaiput
A[I9P[o UT UOT)UIAIUT SATTUS0D
JO SSIUDATIDAYD oY) 21eZ1IS2AUT O,

(800¢ “Te 10 vzIng)

ut syuawaAordwr Juedyrusdis .« [eLI) [BOTUT]D PIzIWOpPUEI :uSIsa(J (&) fuonualie :$ANI[Iqe pue suondUny (B) ‘s)npe 19p1o AIfeay :28e pue ad4A7, (®) ¢ Apmig
s)nsay UOT)UIA T U] Judwssasse esrdojoydAsdoinaN srdureg EYNRET (o)
DUIIY

PO

*SIIPNIS UOTIUAINUI [BqO[3 9Y) U PazA[eue sa[qeLIeA 1) Jo uondinsa(] *1 dqel,

225

Working memory intervention programs for adults

Netto TM, et al.



Dement Neuropsychol 2010 September;4(3):222-231

"UOTIUR)JE PAUTLISNS
10 paads Gurssadord ur jou Inq A1
-OWAW WLIA)-3UO[ pue ‘SUONOUNJ
9ATINIAXI “‘WOTIU))E PIPIAIP TAM
ur juowaAsordur Juedyrudig .«
‘pasroad

w1 Suruonouny oJ1] AepAroag .
‘panoxduur

SATINDIXD [BIUD YY) UO Juapuad
-9p suondUNJ 2ATITUZ0D WO .
‘syuauired

-TWT JATINDAXA [BIJUID SULI2A0D3T
UT 9A1)02JJ2 sem Sururen) JAM .

SIUOW ¢
19)JB PAUTBIUTEW 2TIM $109JJ2 pue
J1] AePAI2AS 0) UOTILZI[BIIUL) o

‘syusuodwiod
JNM 92IY] [[ 10J SSOUIATIIT

*dn-mofjoy 1824 T 91y UI

sdno3 usamiaq sOUIIP ON «
“ouRW

-10312d A10Watr o1posida [ensia
22139p 125S3] € 0] ‘pUL DULULIOJ
-19d JA/M [ENSIA PaSeaIdUI [[BI9A0

“eam 1ad suorssas 1moj ¢(aseyd uonuaa

~I91UL D83 I0] YIUOW [) Sypuow g :uonein(f (3)
[se) spIom

[Tr1] pue £ xjse) sqpuow [11] {IVSVd WoIy sysel
I9Y30 OM) pUE ¢(SATINIIXD [BIIUD [YSV) ISI,
uonIppy [eLIdS A10)Ipny padsed ay) jo suonediyd
-de pajeadan [1] ‘syse) INM 2214, :s31npadoid (P)
(€00T ‘9861

AopPppegq) [pour A M IOMIUel] [ea12109Y ], (2)
-Sururen M

£q pamof[[o} (puewWap 9ANNIIXS MO[) Sururedy,
UONR[NUWING [BI2UIL) :uoneII[Iqeyal Jo ad4T, (q)
“JUILUSSISSE UOIIUIA

-19yut-)sod pue axd yym Apnis jopid :uSisa(g (e)

“oom 1od sowny

INOJ SUOISSIS UTW () ‘SYIUOW g :uoneind (2)
*(SuonenIIs JI[-[eal JO SUOTIR[NIUIS PUB SOLIRUIIS
Jo sasAeue) uoneIqeyal [earsooos (1] ‘(doog
rear3ojouoyd pue ‘pedysiaxs [ensia 9AINIIXD
[enuad :swrerdordqns 31Y) 0JUT PIPIATP SISIIID
-X2) woneyIqeyar aAntusod [1] :sampasoid (p
"(986T Aapoppeg ‘[opoux

JNM) yoeoxdde [eorSoj00o ue £q pajuswajdurod
(€007 “ORATIN pue UOSIdWY) SUIAISAS 2AL]S £q
93e101s 2ATSSEA-UOU I0MIWEIJ [BIT)AT0AY, (D)
"peoxdde resr3ojosa ue £q payuswuaydurod (aannds
-X2 [enud ‘syusuoduwodqns A\ 2211 Jo Suturen)
werSoxd aantudoo :uonejyiqeyas jo ad4y, (q)
‘sautpaseq aydnnuwr 910dar ased :udisa(y (&)

“oam 1ad

90IM] SUOISSIS UTW G ‘sypuowt ¢ :uoneind (3)
“se) awn uon

-oea1 [mI| ‘Sururen) A M [I1] “[sel umop [000 pue
dn-wirem ‘uoneanse aarssed [1] :sampadoid (p)
"(£00T “Te 32 1eg) yoeoxd

-de ogymads-ssaoo1d yromaurely [eonaiodyy, (9)
"sjueLIeA Yyse) Sururer)

JNM Pazirainduod sa1t) :uonuaAIaiur jo od47, (q)

“Sururen N M JO U2 oY) Je 1se] )
pue Sururel], UOHB[NWING [BI2UAD) 1)
-J& IOYJOUL ‘UOISSTWIPE J& JU() "SI
-NIISUT JWES Y} JO SUOISIA JUIJIP
M SJUDUISSIsse 211 T, :Aouanbarg (q)

“Suruonoungy AepA1aad
‘sanT[iqe [er0soydAsd ‘suomouny oA
-N23X? ‘AI0WAUT ULIA)-FUO[ ‘T M UOT)
-U2)JB POPIAIP puk paure)sns ‘paads
Surssasoid :saniqiqe pue suonduny (&)

‘syuouwr
¢ 1s0d pue ‘oerpauwrwur-ysod yerpawr
-191ut ‘uonenyead-a1d :$)sa) dures ayy
M SJUASSIsSe Ino, :Aouanbaxg (q)

‘suonouny
2ATINDIXI ‘UOTIUI)JE ‘SIANI[IqE [BNIOJ[[9)
-ut ‘stxerd [euoronnsuod 9fengue|
AIowow :san1[Iqe puk suondung (e

‘paIaISIuIIpe sem £191)eq dures

o) ‘dn-mofjoj 18 T YIIM ‘UOTIUIA
-191ut-3sod pue -a14 :Aouanbaig (q)
“A10WIAW TPOS

swarqoxd

UONEIIUNTIWIOD 10 SIOUBGINISIP JL1
-1e1yo4sd 10 [BUOTIOWD OU ‘9SBISIP
[esr3ojoanau 1930 ou ‘Ainfur-sod
SYIUOW 92 :BLIAILID woIsndU ()
*6=U ‘dno13 [eyusunradxy :dnoin) (q)
s1eaf /G 0}

91 woij Surduer safe YIIm ‘SIOYIP
JAM 21249s y3im syuaried Linfur
urerq d>newnely, :age pue ad4y, (&)

*2qo[ eroduwa) 3oy sIy
uo £1931ms J0WN] [RIQID JO J[NSAI
e se Juaumredwt M $IPYI(T (q)

ISNU JO
Auwrapeoe ue je (youary) [endurpiq
quopnjs papuey-jySu ‘po-reak
-¢z © Jo ased y :a8e pue adL], (e)

‘s)npe A[1op2

Ayyreay pue juopuadopur swa|
-qoid stsoxyre ssurapqoid Suney
-1[1q9p 10 OrnerydAsd Qreay anoe
JO 20Udsqe (BLINLID uorsnpU] ()
‘(61=u ‘Sururex) esrsdyd) dno
[onuod ‘(¢y=u ‘Sururer) Wm)
dnoi3 [pyuswiradxy :sdnoin (q)
*1°08 Jo 28e ueaw ‘synpe

*san1AnOL AepAId
-A9 0} $oZI[eIdUdS JustaAoIdwT
A1) IYIAYM AJ1I2A 0) {ATOTIIW
ur12)-3U0[ pue ‘SUOTIOUNJ IAT)
-NDIXd ‘WOTIUI))E PIPIAIP SB
ons ‘wa)sAs Juauodwod siyy uo
juapuadap suonpuny aanTuod
19710 pue JNM Uo (Sururen
WM ) werSord woneyriqeyas
® Jo £oed1y3a a1} 21e31IsaAUT O,

(£00T “Te 19 ouLIdg)
0z Apmg

‘uoneqey
-21 TeardofoypAsdoanau jo ured
-o1d e ajen[eas pue aqrIdSIp O,

(8002 “Te 32 [eAn(q)
¢ Apmg

uewroyrad Arowaur
s1postda pue WM uo Sururen
JAM JO 199339 a3 23e3nsaAur of,

(8007 “Te 12 [yamydsng)

pamoys dnoid [pyuowrrrodxy . ‘[e1n) [onuod pazrwopuer :udisa(J (&) -1da I M :sonI[Iqe pue suondung (e) Iop70 A3[eay :98e pue adL], (e) ¢¢ Apmig
s)nsay UOTJUIAINU] Juawssasse esrdojoydssdoananN s[dureg EYNGRET( T
DUIY

POURIN

"SITPNIS UOTJUIAIIUI OY10ads ) Ul pazA[eue sa[qerrea ) Jo uondrosa( *z dqelL

Netto TM, et al.

Working memory intervention programs for adults

226



Dement Neuropsychol 2010 September;4(3):222-231

‘duewioy1ad uonuaye
pue M SJenprarpur ue aaoxduwr
ued SUTUTRI) JAISUSIUT ‘DO01)S 1o)e
SI1eA ¢ 0] T JBY) IOUIPIAD JWOG «

“Burar Arep
ur surajqoid aanmuSod jo swoy
-dwAs ur aseardap JuedyTUdIS .

"UONIUD)IE PUB M
10§ §1$3) PAUILI)-UOU UO S$}0IJJd
Sururen jueoyruSis A[[eonsnels «

*a301)s 210J2q se uonisod sures
Je qof auIm-{[Ny 0] WINJI SN NOYY
-JIp ATrep ur 2sea109p JuedyTudIS .

HoneHq

-eya1 19)Je pasoxdwr Apuedyrudis
JAM Jo syuauodurod 2103s [ed130]
-ouoyd pue 2ATINDAXD [BNUD)) «
*SO1JU0D PAYPILUT [JIM
paredwoo Apyuesyrusis pasoxd
-t ueds 3181p premIoy sase) .

“Kep 12d sfern gg “Pam 12d

sAep G SUOISSIS UTW (F ‘S2am G :uoneind (J)
'puid [eneds

-ONSIA [RUOTSUIWITP-39IY} B UT 2d0uanbas Jy3iy e
Suronpouidar [11a] ‘priS pajejor e ur ad>uanbas
1yS1y e Suronpoidar [1a] ‘s12)39] paydjewusIu
Surpuy [a] ‘spiom opnasd ur 2ouanbas 191397 ©
Surdynuapr (1] ‘9douanbas e ur suonisod 191391
SUTAINUaPI [11] ‘TOPIO 3SIAI UT STqUINU FuT
-yeorput [11] ‘prid [eneds-onsia e ur ouanbas
14311 © Suronpouidar [1] :pakordwa sysey, (9)
‘Teadsoy 2y je

12A13s & 0] 110dar JouI)uT A[TEp pue awoy Je 12
-ndurod e wo Sururer ajeydwrod :saInpadoid (p)
‘pa1iodar jou {IomIUTRI] (2121037 T, ()

*SY[SB) M SnotLIea uo Jur

-urexn) pazurandwod :uonelriqeyai jo ad4y, (q)
“Apnys joqid pazrwopuer :uiso(J ()

“oom 12d shep va11)

suoIssds gururen) y [ ‘syruow 9 :uoneing ()
‘swAuoIe

[111A] 19pI0 [ROTI2qRyde UT SUnIOS pIOM [TIA]
Burznoqeydpe [1a] ‘sa[qe[[4S WOIJ spIOM JO TOT)
-NINSUODAI [A] ‘PIOM B UT S19)39] JO IDQUINU UIAD
10 ppo [a1] ‘Gurpods [e10 [IIT] ‘paRTWIO 19)39] &
ym 3urfjads [eI0 WO SPIOM JO UOTIONIISUOIT
[11] “Bury[ads [e10 WOIJ SPIOM JO UOTIONIISUOD
-a1 [1] ¢sy[se) JuaI1ayy1p Y31 :saInpasoid (p)
"(8661 ‘9861 4P

-peq) [PpoW A M DIOMIWERIJ [BI132109Y ], ()
*doof Teardojou

-oyd pue 9A1INDAXA [BIIUID [} JO SUTUTRIIIT 9AT)
-1u8od oy1ads syusuodwod Surssadord pue a3e
-101s A M JO Suturern) :uonejifiqeyai jo ad47, (q)
"dnoi3 [onuod © yIIm 101ARYIQ-SSOIDR
-aurpaseq-afdnnu yym ased-a3urs :udrsa(J ()

"A19178Q JUSW

-$S9SSE JUIES AU} YIIM SUOISSIS UOTJUIA
-12ur-)sod pue -a1g :£ouanbaig (q)
“Surureay

WONIqIYUT ‘ATOWUW IAT)RIR[IIP ‘SUT
-Ajos-wd[qoid pue Suruosear ‘wonua)
-Je LM :SanI[Iqe pue suonouny (e)

'$1539) JWOS JO SUOISIDA
[o[[e1ed pue saInseat SWONNO IeIuIs
IIM ‘SUOISSIS TUIUISSISSE UOTIUIAINUL
-1s0d auo pue -a1d om, :Aouanbaig (q)

“Arourawr ur1a)-3uoy
[eNSIA pue [BqIdA ‘UoTiua)e ‘9fens
-ue[ [e10 :SaNI[Iqe pue suondunyg (e)

*s3nap 17T 10 Isnqe Joyod[e

Jo 10351 UMmoOUY| ‘uoIssardap 1ofewr
‘porrad Apnis oy Surmp saSueypd uorn
-eorpaw “raindwod jo asn juasard
prmom jey) desrpuey renydasiad 10
I030W (£ > Q] ‘ML uoIsnpxy (p)
"UOT)Ud)JE UT SIDYIP pajtodar

-J[2S ‘9WIOY JB UOIII2UU0D JoUIdIUT
0] $SIDJE {SYIUOW 9¢ PUL 7] U22MIOq
jasuo-jsod ) LI UoIsNU] (2)
‘(6=U ‘paureny

-un) dnoi3 jonuod ‘(g=u ‘pauren)
dnoi8 Tejuswrrodxy :sdnoin (q)
's1ea4 GG 01 ¢ woiy SurSuer saSe
s syuaned axyong :a8e pue od47, (B)

‘syse) Aep
-A109A5 U1 SanMOIJIP Jo syurejduwrod
£9)011s B JO )[nsal e se juourireduwr
dooy [eo18ojouoyd pue sanndoxs [exn
-ud WM pue erseyde 31052 (q)
"109J32 Suryred & M syyse) Aderar e
paurtojrad dnois jonuod sty ‘punoid
-Yoeq uoneonpas pue a3e 52581 Y}
payprew Jey) (O1=u) :dnoid jonuo)
)snua1ds 19Indwod Aenpeisd [ooyds
yS1y orewr papuey-jydrr pjo-reak
-¢G B Jo ased y :98e pue ad47, ()

‘30118
s syuaned jnpe ur Sururen
JAM JO $199JJ9 3} dUTWEXI O,

(£00T “Te 12 812q12159p1 )
¢z Apmig

*dooy resr3ojouoyd pue aan
-Nd3Xa [eNUdD uo AJurewr Jursnd
-0 ‘UONeIIqeydI M JO L110y
-1ads pue £o>edoyje Y $sasSE O,

(S00T “T® 32 1®][BA)
6¢€ Apmis

SISy

UOTIUIAINUL

Juduussasse [edrdojoydAsdonan

srdureg

PO

SINSREICTo)
ADURIJY

*SATPNIS UOTYUIATNUT dY1ds 1) Ul pazA[eue sa[qerrea ) Jo uondrosa(] g A[qeL,

227

Working memory intervention programs for adults

Netto TM, et al.



Dement Neuropsychol 2010 September;4(3):222-231

However, the studies differed in several respects, such as
sample size (study 31 had a much larger sample than study
32), the number of cognitive functions evaluated (study 32
was limited mainly to memory domains), length of time
of the program (study 31 lasted twice as long as study 32),
and assessment frequency (study 32 included follow-up
and used different versions of the same evaluation battery).
Furthermore, these investigations also differed with regard
to their methodological designs, training of cognitive do-
mains, length of time (which varied from three months
in study 2 to 24 months in study 1), frequency of sessions
(from once per week in study 32 to twice per week in study
31), and theoretical framework. The results related to WM
improvement were restricted to study 31, which provided
other cognitive domain stimulations in the experimental
group, in addition to memory training.

Specific rehabilitation studies

Table 2 summarizes the results of specific intervention
studies included in this review and outlines the evidence
of several aspects of WM-specific interventions. The main
objective of these studies was to evaluate the effectiveness of
WM intervention approaches. However, some of these went
further and examined other cognitive functions, such as lan-
guage (studies 34 and 39); attention (studies 34, 20, 39, and
23); executive function (studies 34, 20, and 23); psychoso-
cial ability (study 20); and everyday functioning (study 20).
With regard to study design, two investigations described
single cases (studies 34 and 39), two had experimental and
control groups (study 33 had physically trained, and study
23 had untrained), and one had the experimental group as
its own control (baseline intra-group comparison in study
20). Most of the studies had samples of adults with WM
impairments (studies 34, 20, 39, and 23), with the excep-
tion of one study that investigated healthy and independent
octogenarians (study 33). All samples of these investigations
had a small n, averaging 11 individuals per group (studies
33,20, and 23), and two of the studies had just one subject
based on single cases (studies 34 and 39). To complete the
sample features, most of the eligibility criteria varied accord-
ing to the type of impairment (studies 34, 20, 39, and 23).

Considering the neuropsychological tests, all stud-
ies that employed specific intervention assessed the par-
ticipants during pre- and post-interventions. Two of the
studies also had follow-ups (studies 33 and 34), and one
provided assessments during the intervention (study 20).
Three studies in Table 2 used the same battery to retest indi-
viduals (studies 33, 34, and 7), and the other two employed
different test versions (studies 20 and 39). All of the reha-
bilitation programs described by the studies had WM as
the principal cognitive domain. However, in some studies,
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other cognitive domains were also trained (studies 39 and
23). Moreover, the majority of the interventions were exe-
cuted in a group modality (studies 33, 20, and 23), and two
of the studies used computerized training (studies 33 and
23). With regard to the theoretical framework, three inves-
tigations used the model proposed by Baddeley and Hitch
(1974) or more recent versions (studies 34, 20 and 39).*

High variability was found in terms of the total dura-
tion of the programs, which ranged from 5 weeks (study 7)
to 6 months (studies 34 and 39). Additionally, the frequen-
cy of sessions ranged from three times per week (studies 39
and 23) to five times per week (studies 34 and 20), and the
session duration ranged from 40 to 90 min.

Considering the results, all studies demonstrated gains
from WM training. Furthermore, four investigations pre-
sented a generalization effect to everyday life (studies 34,
20, 39, and 23), and one study demonstrated a transfer ef-
fect to cognitive domains related to WM (study 23). After 3
months, follow-up assessment still showed maintenance of
WM improvement as a result of two interventions (studies
34 and 39).

Discussion

In spite of the low number of studies on WM interven-
tion programs found in this review, there was great vari-
ability regarding types of designs, theoretical frameworks,
samples, assessments, interventions, and results. This het-
erogeneity can limit the ability of the literature to provide
clear direction for future clinical studies. Hereafter, dis-
cussion is guided by the answers to the questions initially
established in this review.

Which evidence-based studies in the national and in-
ternational literature have investigated neuropsychological
interventions to improve WM in adults?

All studies presented in this review were found on the
international PubMed database, demonstrating the need
for these types of investigations in the Latin-American
literature. This result partially supports the hypotheses
that few studies would be found in the national and in-
ternational literature investigating neuropsychological in-
terventions to improve WM in adults. The small number
of studies in this area may be related to the fact that both
neuropsychological interventions and WM are relatively
new constructs in the context of neuroscience, and studies
on their interaction are more recent still.

Furthermore, Cicerone et al. (2000) classified stud-
ies into three classes of evidence in regard to the method
strength: I, II, and IIL. Class I refers to prospective studies
that are robustly designed, such as randomized controlled
trials. Other investigations, such as, quasi-randomized
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studies, can be classified as Class Ia. Class II includes pro-
spective, nonrandomized cohort, and case-control investi-
gations. Class III consists of studies with no control groups,
including case studies [for further details, see **, pg. 1598].
According to this classification standard, three studies in
the present review were assigned to Class [,?°"** one as-
signed to Class II** and three to Class II1.2%%*

Amongst the studies selected for this review, what are
their main methodological features of designs, samples
(control and clinical), assessments, intervention proce-
dures, and theoretical framework?

The results presented in this review confirmed the hy-
pothesis that the methodological features consist mostly
of randomized controlled trials and single case studies
with healthy and clinical samples, and that the WM as-
sessment and intervention procedures are based on a theo-
retical WM framework. This hypothesis originated from
evidence-based reviews of cognitive interventions. These
types of review usually focus on describing studies that
are randomized controlled trials and seldom describe stud-
ies such as single cases, except when they provide unique
results that can be used for clinical and future research
guidance.”* Three studies in the present review applied
the randomized controlled trials method, which although
a fairly rigorous methodological design, minimize the het-
erogeneity of samples and effects of unconventional vari-
ables. Moreover, two other studies employed a single case
design, which confirmed the hypothesis.

With regard to the types of samples, among the seven
analyzed studies, only three investigated healthy older
adults. The remaining studies examined brain-injured in-
dividuals. This result is in accordance with a general trend
in the neuropsychological literature that shows a preference
for investigating clinical samples as opposed to healthy in-
dividuals. From a historical point of view, the majority of
the discoveries in neuropsychology have been derived from
brain-damaged individuals. The same is also true for the
rehabilitation field.?*?3%>363-41 Regarding cognitive stimula-
tion of healthy samples, other studies in the literature have
stated that one of the most frequently investigated groups
in this approach, especially in memory training, are healthy
elderly adults.***® However, very few have verified the ef-
fectiveness of WM training in older adults.

The present review revealed that one of the major chal-
lenges of WM interventions is to obtain large sample sizes.
Only one of the presented studies was able to accomplish
this goal. Achieving a large sample size poses a challenge,
because giving adequate attention to all members of a
group may be difficult when subjects differ in their levels
of ability to perform tasks, learn, retain and recall infor-
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mation, or process other cognitive domains in addition to
mnemonic ones. Even if these groups are homogenized and
these problems are minimized, other challenges still exist.

With regard to the assessments, another issue concerns
the test-retest effect which is oftentimes attributable to the
lack of different versions of recommended neuropsycho-
logical tools in the literature. In fact, this effect becomes a
notable issue in healthy participants, especially when the
tools are administered in more than one assessment dur-
ing intervention and follow-ups, because these individuals
retain an intact cognitive ability to learn, process, retain,
and retrieve information. However, having a control group
in these studies can minimize this confounder.” Finally, six
of the seven studies used a theoretical approach. Of these
six, three were based on the model proposed by Baddeley
and Hitch (1974) and Baddeley (1986, 2000). According
to Wilson (2008), the majority of neuropsychologists who
practice or research rehabilitation believe that interven-
tions should be guided by theory.

What are the main results?

The present review found that six of the seven studies
reported WM improvements in performance on neurop-
sychological tasks. However, one of the six investigations
reported significant differences only in the WM visuospa-
tial sketchpad.®® These results support the hypothesis of the
present review, which stated that WM training can improve
WM performance on neuropsychological tests. Overall, the
few evidence-based studies available in the literature are
generally consistent with regard to the effectiveness of WM
interventions especially when rehabilitating brain-damaged
individuals.20,23,30,3l,33,34,39

According to the results of this review, it seems that
healthy elderly adults require longer intervention times
than brain-injured adults, in order to demonstrate im-
provement in the performance on most WM system mea-
surements. A possible explanation may be that these elderly
adults are much closer to the norms of performance in
neuropsychological tests than brain-injured adults. How-
ever, there was a study selected in this review,” involving
octogenarians adults, that had a duration of three months.
Despite this short period the participants still showed
improvement in test performance, but in only one WM
system. Therefore, the cited study shows that even over a
short timeframe, at least one WM system can be trained in
octogenarian adults.

Which studies presented clear evidence of neuropsy-
chological intervention effectiveness?

Among the seven international studies, six provided ev-
idence supporting the effectiveness of WM-specific train-
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ing in adults. Furthermore, the study design that presented
the most informative findings was the randomized clini-
cal trial.”*® This trial supports our initial hypothesis that
the evidence of effectiveness could be related to a specific
approach. According to other reviews, studies employing
specific WM interventions usually present positive perfor-
mance in the measurements. Specific cognitive interven-
tions may act differentially on different memory domains,
and more specific tasks that stimulate a specific WM com-
ponent will result in greater improvements.”** Studies that
use a robust methodological design, such as a randomized
control trial, indeed show more consistent results. There-
fore, valuable systematic reviews are usually based on such
studies to guide clinical intervention.*

With regard to the effectiveness of WM interventions,
two main concerns can be derived from the literature: gen-
eralization and the transfer effect. Gains acquired during
an intervention and subsequently applied to real-life situ-
ations are referred to as generalization. Three studies in the
present review were successful in this regard.**** However,
one challenge in this area is to maintain these gains. The
transfer effect occurs when an untrained task is improved
as a result of a trained task. For example, an intervention
goal is to train the WM domain and as a result improves
not only this domain, but others that were not trained such
as language or episodic and semantic memory. Only one
study in this review was found to have this effect.”? Some
authors have reported that not enough studies have dem-
onstrated the transfer effect, in spite of it being one of the
most important aims in cognitive interventions.*

This review demonstrated that the WM domain can
improve, especially in brain-damaged individuals. How-
ever, these results need to be taken with caution because of
the heterogeneity among investigations in terms of designs,
samples, assessments, interventions, and the availability of
only a few robust methodological designs.

Additionally, more intervention investigations are
needed focusing on a single type of cognitive function (e.g.,
WM in the present review), because if several cognitive
components are stimulated in the same program, deter-
mining which ones were successful may be difficult, even
when specific measurements are used for each cognitive
domain. In real-life situations, this may not be the best
solution, because individual’s cognition is complex and
may require several treatment approaches to improve dif-
ferent functions in several situations. One solution could
be to divide the training program into different modules
and investigate one particular cognitive domain in the first
module before initiating other subsequent training.

As a final suggestion for future studies in the area of
WM intervention programs with adults, it is important to
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carefully plan the length of the intervention process, the
frequency of sessions per week, the amount and types of
training tasks,’® among other essential methodological fac-
tors. These careful steps can help facilitate the replication
of such studies.
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