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LAY ABSTRACT
Memory problems are commonly reported following 
stroke but receiving help for these difficulties remains 
a high unmet need among survivors. Two different ap-
proaches to memory rehabilitation are available: me-
mory skills group training and computerised cognitive 
training; however, it is unclear which approach is more 
effective. This study compared these two approaches in 
65 stroke survivors who all reported memory difficul-
ties. We found that participants who received memory 
group training were more likely to achieve their memory 
improvement goals than those who received compute-
rised cognitive training. It was concluded that memory 
skills group training may be a more effective approach 
to improve memory function in daily life following stro-
ke, but more research is required.

Objectives: Memory deficits are common after stro-
ke, yet remain a high unmet need within the commu-
nity. The aim of this phase II randomized controlled 
trial was to determine whether group compensatory 
or computerized cognitive training approaches were 
effective in rehabilitating memory following stroke. 
Methods: A parallel, 3-group, single-blind, randomi-
zed controlled trial was used to compare the effecti-
veness of a compensatory memory skills group with 
restorative computerized training on functional goal 
attainment. Secondary outcomes explored change in 
neuropsychological measures of memory, subjective 
ratings of prospective and everyday memory failures 
and ratings of internal and external strategy use. 
Results: A total of 65 community dwelling survivors 
of stroke were randomized (24: memory group, 22: 
computerized cognitive training, and 19: wait-list 
control). Participants allocated to the memory group 
reported significantly greater attainment of memory 
goals and internal strategy use at 6-week follow-up 
relative to participants in computerized training and 
wait-list control conditions. However, groups did not 
differ significantly on any subjective or objective se-
condary outcomes.
Conclusion: Preliminary evidence shows that memo-
ry skills groups, but not computerized training, may 
facilitate achievement of functional memory goals 
for community dwelling survivors of stroke. These 
findings require further replication, given the mo-
dest sample size, subjective nature of the outcomes 
and the absence of objective eligibility for inclusion. 
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Memory impairment is one of the most commonly 
reported cognitive consequences of stroke (1) 

and can compromise rehabilitation engagement (2). 

Despite this, support for memory problems remains 
a high unmet need within the community (3) and has 
been identified by patients, researchers and clinicians 
as a high-priority research area (4).

Memory skills group (MSG) training and compute-
rized cognitive training (CCT) are commonly used ap-
proaches to rehabilitate memory. Although both share 
the fundamental goal of improving everyday memory 
outcomes (5), there are a number of key differences 
between these interventions. CCT adopts a restorative 
approach to rehabilitation, with the theoretical goal of 
restoring underlying impairment through cognitive ex-
ercises (6). Repetitive drill and practice style activities 
are purported to result in everyday functional gains, 
although there remains no robust evidence of this trans-
fer (6). By contrast, MSG interventions take a com-
pensatory approach to rehabilitation with a theoretical 
aim of lessening the disabling impact of impairment 
(7). In addition, the format of delivery differs. CCT 
training tasks are generally completed individually, 
with associated well-recognized advantages of low 
cost, wide availability and potential for at personali-
zed use at home (8). MSG intervention is facilitated 
by a trained clinician and is delivered face-to-face in 
a group format, due, in part, to increased recognition 
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of the multifaceted nature of memory dysfunction and 
limited economic resources (9). 

While a number of comprehensive reviews have 
explored best-practice recommendations for cognitive 
impairment following acquired brain injury (10, 11), 
only a minority of studies included in these reviews 
were conducted in stroke-only samples. Consequently, 
the long-held view that MSG training is the treatment 
of choice in rehabilitating memory has been largely 
speculative post-stroke and appears to have been ba-
sed on an absence of evidence, rather than evidence 
of absence for the effectiveness of CCT (5). The aim 
of this study was to compare the effectiveness of CCT 
and MSG training in community dwelling survivors of 
stroke in achieving individualized, functional memory 
goals. A further aim was to explore the effect of training 
on secondary measures of objective, neuropsycholo-
gical memory tasks and subjective memory ratings. In 
addressing these aims, we intended to maintain ecolo-
gical validity by evaluating the interventions as they 
are clinically implemented (rather than transforming 
them to be experimentally matched with each other on 
characteristics such as group vs individual format), with 
the goal of facilitating clinical translation. We hypothe-
sized that intervention participants (i.e. CCT and MSG) 
would show greater improvement in performance on 
outcome measures than waitlist control participants 
(WC). Given the proposed mechanism of action of each 
approach, we also hypothesized participants in the CCT 
group would show greater improvement on neuropsy-
chological tests of memory, while participants in the 
MSG would show greater improvement on functional 
measures of memory and strategy use.

MATERIAL AND METHODS

Trial design and participants

This study was a parallel, 3-group, single-blind randomized 
controlled trial with outcomes assessed up to 3 months following 
randomization. Initial power analysis for a 3 × 3 multivariate 
analysis of variance (MANOVA) was conducted using G*power 
(v3). Analysis indicated that 52 participants would be necessary 
to detect a medium effect size (f = 0.35) (12) with power of 0.80 
and alpha of 0.05. With an anticipated attrition rate of 20%, a total 
sample size of 65 participants was indicated. Community dwelling 
survivors of stroke were recruited through advertising in local 
newspapers, community clinician referrals and the Australian 
Stroke Clinical Registry between January 2015 and January 2017 
(AuSCR) (13). Responding individuals completed a telephone 
screen to check whether the eligibility criteria were met.

Inclusion criteria were: history of stroke confirmed by 
neurological examination and brain imaging at least 3 months 
previously, and self or close other (i.e. relative) reported eve-
ryday memory complaints. Exclusion criteria were: (i) physical 
impairment preventing access to intervention, (ii) inadequate 
computer proficiency limiting computer use, (iii) severe cog-
nitive or communication deficits (secondary to aphasia or 

English as a second language) impacting engagement and (iv) 
history of other neurological or psychiatric condition impacting 
cognition. Exclusion criteria were determined on the basis of 
clinical judgment, aided by review of available medical records 
by a researcher trained in the study protocol. In cases where 
eligibility was unclear, consultation occurred with DW and 
RS who are both experienced clinical neuropsychologists and 
researchers. Participants were not compensated financially for 
their time, but were provided the intervention free of charge. 

Ethical approval to conduct the study was granted by re-
levant ethics committees and the project was registered with 
the Australian New Zealand Clinical Trials Registry (ACTRN 
12616001056482). The data that support the findings of this 
study are available from the corresponding author on request.

Baseline measures

At baseline, all participants completed measures of cognitive 
functioning, computer proficiency, and everyday functioning. 
Neuropsychological measures included the Test of Premorbid 
Functioning (TOPF) (14) to estimate premorbid intelligence and 
the Montreal Cognitive Assessment (MoCA) (15) to provide a 
gross measure of general cognitive functioning. The short form 
of the Computer Proficiency Questionnaire (CPQ) (16) was used 
to assess computer proficiency, while the Nottingham Extended 
Activities of Daily Living scale (NEADL) (17) was used as a 
measure of daily living functional independence.

Primary outcome measure

Attainment of personal, memory-specific rehabilitation goals was 
assessed using Goal Attainment Scaling (GAS) (18). GAS was 
selected as the primary outcome measure due to its flexibility 
in managing heterogeneous outcomes and ability to explore 
functionally meaningful change; which arguably represents the 
fundamental goal of rehabilitation, irrespective of theoretical ap-
proach (19). Goals were developed collaboratively with partici-
pants using SMART principles (Specific, Measurable, Attainable, 
Realistic, Timely) according to established guidelines for clinical 
use (20). Participants were encouraged to set 2 memory-specific 
goals with a trained researcher. The scoring method originally 
proposed by Kiresuk & Sherman (18) was adopted due to its 
established sensitivity to change in rehabilitation outcomes fol-
lowing stroke (21). Accordingly, a standard 5-point scale (–2; 
a lot less than expected, 0; at expectation, +2; a lot more than 
expected) was employed. In line with current recommendations 
for use (20), baseline achievement was set at –1 to allow for 
deterioration, unless there was no clinically conceivable worse 
outcome, in which case baseline performance was set at –2. Raw 
achievement scores were aggregated across memory goals and 
converted to a standardized T-score (20). All goals were set with 
participants prior to randomization to minimize bias. Common 
participant goals are presented below in Table I.

Secondary outcome measures

Neuropsychological Measures of Memory. The Rey Auditory 
Verbal Learning Task (RAVLT) (22) and the Brief Visuospatial 
Memory Test-Revised (BVMT-R) (23) were used to measure 
verbal and visual learning and memory, respectively. Total 
words recalled over learning trials (total learning), and number 
of items spontaneously recalled following a 30-min delay (de-
layed recall) were examined. All raw scores were converted to 
standardized z-scores using age- and education-based normative 
data to enhance clinical translation (22, 23). The Royal Prince 

www.medicaljournals.se/jrm
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345Memory rehabilitation post-stroke

neuropsychologist (DW) with the assistance of 2 provisional 
psychologists. Groups included a minimum of 3 and maximum 
of 8 participants and all sessions were video-recorded. Group 
facilitators were blinded to participants’ individual GAS results 
and the manualized intervention was not modified to specifically 
address these goals. Treatment fidelity was assessed using a 
checklist of key objectives for each session, with all treatment 
objectives achieved across groups. 

LumosityTM was selected as the computerized cognitive 
training intervention due to its popularity (30) and adaptability 
for research. LumosityTM is a commercially available CCT 
programme accessible online (www.lumosity.com). Game 
complexity increases and decreases systematically based on the 
individual’s performance (i.e. is adaptive). Training materials for 
the current research were prepared and funded by Lumos Labs 
in collaboration with researchers. Only those games targeting 
memory functioning were selected (see Table SII1 for game 
description). The order in which games were presented was 
varied across training days to maximize engagement. Participant 
compliance was monitored remotely through weekly examina-
tion of total days trained. To maximize compliance, researchers 
were in weekly phone contact with participants. Dose was set 
at 30 min a day, 5 days a week for 6 weeks (31).

Data analysis

In line with Consolidated Standards of Reporting Trials 
(CONSORT), analyses were conducted using an intention-to-treat 
approach. Data analyses were conducted using Stata Statistical 
Software v14.2 (StataCorp., Texas, USA). Demographic, prog-
nostic, and baseline memory performance across all outcome 
measures were compared across groups using 1-way analyses of 
variance (ANOVAs), and χ2 analyses. Random-effects regression 
was used to compare the trajectory of change in outcome measure 
performance over time between groups. Models were fitted with 
assessment time-point and group allocation as fixed effects, while 
participants were modelled as a random effect. A 2-sided alpha 
value of less than 0.05 was considered statistically significant. 
Pairwise comparisons and ANOVAs with Bonferroni correction 
were computed to explore between-group differences at each 
time-point. Treatment effect size, defined as the magnitude of 
change from baseline within groups, was estimated with Cohen’s 
d, based on output from regression models (32). 

RESULTS

A total of 136 individuals responded to the advertise-
ment (30% recruited via AuSCR, see Fig. 1). Seventy-
one individuals were excluded from participation (52% 
exclusion). The remaining 65 individuals consented to 

Alfred Prospective Memory Test (RPAProMem) (24) was used 
to explore prospective memory. This measure consists of 2 
time- and event-based prospective memory tasks, assessed at 
short (i.e. within the assessment session) and long (i.e. after 
the session) time intervals. Responses were scored out of 3 for 
each task (maximum total score of 12). Parallel forms of all 
aforementioned measures were used across sessions to mini-
mize practice effects. Finally, the Symbol Span subtest from the 
Wechsler Memory Scale–IV (WMS-IV) (25), and Digit Span 
Backward subtest from the Wechsler Adult Intelligence Scale-
IV (WAIS-IV) (26) were used to examine spatial and verbal 
working memory, respectively. Raw scores were converted to 
age-scaled scores using manual norms. 

Subjective memory. Subjective memory failures were mea-
sured using the Everyday Memory Questionnaire- Revised 
(EMQ-R) (27) and Part A of the Comprehensive Assessment of 
Prospective Memory (CAPM) (28). The EMQ-R is a 13-item 
scale developed as a self-report measure of memory failures in 
everyday life, evaluated with a 5-point Likert scale with higher 
scores representing greater memory complaints. The CAPM 
part A is a 32-item questionnaire designed to evaluate everyday 
prospective memory lapses in individuals with acquired brain 
injury. Each item is rated on a 5-point Likert scale, with higher 
scores representing more frequent memory failures. Both par-
ticipants and a significant other completed the CAPM. On both 
subjective memory questionnaires, raw scores were summed 
to derive a total score reflecting the frequency of everyday and 
prospective memory failures. Lastly, total number of internal 
and external strategy use was examined using a questionnaire 
of strategies implemented in daily life (29). 

Procedures

Following informed consent, enrolled participants completed 
baseline assessment and were randomized into 1 of 3 treatment 
arms; MSG, CCT or WC. Waitlist participants were offered a 
memory intervention of their choice following project comple-
tion. Randomization was performed with an online random 
sequence generator (http://www.randomization.com) in advance 
of the study and transcribed into randomly permuted fixed 
block sizes of 6 by an independent researcher. Participants were 
assessed immediately following intervention and at a 6-week 
follow-up by a researcher independent of intervention delivery 
and blinded to treatment arm allocation. Assessment occurred 
at participants’ homes. 

Interventions

Making the Most of your Memory: An Everyday Memory Skills 
Program (29). An adapted version of this manualized memory 
group was selected as the compensatory intervention. The group 
programme involved 6 2-h sessions (including breaks) held 
weekly at a university psychology training clinic (see Table SI1 

for session outline). Sessions were facilitated by an experienced 1http://www.medicaljournals.se/jrm/content/?doi=10.2340/16501977-2540

Table I. Commonly described memory goals and example baseline attainment

Everyday memory goal Example baseline attainment

To improve my memory for names Forgetting 20–25% of all new names
To improve my recollection of conversations Forgetting 4–5 conversations per day
To reduce the number of times I am forgetting birthdays of friends and family Forgetting 3 birthdays per month
To reduce the number of times that I forget to take my medication at the prescribed time Forgetting to take medication 5–6 times per week
To reduce the number of times I miss or am late to an appointment Forgetting to attend 3 appointments per week
To reduce the number of items that I forget while out shopping Forgetting 5–6 items per shopping outing

J Rehabil Med 51, 2019
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participate and were randomized into MSG (n = 24), 
CCT (n = 22) or WC (n = 19) groups. There was a 
21% rate of attrition at the 6-week follow-up (27%, 
25% and 11% drop-out rate for CCT, MSG and WC, 
respectively). 

While all participants self-reported memory dif-
ficulties, 64.6% also displayed evidence of memory 
impairment on neuropsychological measures, defined 
as at least 1.5 standard deviations (SD) away from 
premorbid estimates on at least 1 memory task. Groups 
were matched on demographic and baseline memory 
performances (see Table II). However, there were 
significantly more left hemisphere stroke survivors 
in the MSG and a significantly greater proportion of 
patients with haemorrhages in the CCT training condi-
tion relative to other groups. To account for this, these 
stroke characteristics were included as covariates when 
modelling outcomes.

With respect to treatment adherence, 2 participants 
missed one MSG session, while the remaining partici-
pants attended all sessions (83%). Participants alloca-
ted to CCT training completed a mean of 25 training 
sessions (83%; SDtraining=16.01; range 3–43 sessions). 
The majority (74%) of WC participants preferentially 
selected LU as their intervention of choice following 
completion of the project.

Attrition analysis suggested that those participants 
who withdrew or could not be re-contacted for assess-
ment reported significantly more prospective memory 
failures than completers (see Table SIII). No other 
significant differences were seen. 

Treatment outcomes
Primary outcome: goal attainment. There was a sta-
tistically significant interaction between group and 
time-point when modelling change in goal attainment 
scores in favour of the MSG (Table III, Fig. 2). Post-
hoc analysis demonstrated that participants allocated 
to the MSG showed significantly greater attainment 
of individualized memory goals between baseline 

and post-intervention assessment rela-
tive to WC (see Table SIV1). Gains were 
maintained at follow-up, with participants 
allocated to the MSG displaying signifi-
cantly greater attainment of memory goals 
relative to both CCT and WC participants. 
Descriptive analysis found that 83% of 
participants in the MSG reported attaining 
at least one memory goal (40% achieved 
both memory goals), while 60% and 70% 
of participants in WC and CCT described 
attaining a memory goal, respectively. 

Secondary outcomes
Objective memory. Visual and verbal 
new learning and memory performances 
did not significantly differ across groups 
following intervention (see Table IV). Re-
garding verbal WM, there were no signi-
ficant interaction effects when modelling 
outcomes. There was a significant interac-
tion between intervention and time when 
modelling visual WM outcomes, whereby 
participants allocated to the MSG demon-
strated significant improvement from 
baseline performance at post-intervention 
and follow-up. However, the performance 

Fig. 1. Flow of participants through each stage of the study. CCT: computerized cognitive 
training; MSG: memory skills group; WC: waitlist control. 

Fig. 2. Estimated marginal means (±SE) of goal attainment T scores 
by group controlling for aetiology and hemisphere of infarction. 
**Significance at p≤0.01.

www.medicaljournals.se/jrm
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347Memory rehabilitation post-stroke

of MSG participants did not differ significantly from 
WC or CCT participants at any time-point. 

With respect to PM, there was a significant inte-
raction between group and time. Post-hoc analysis 
demonstrated that participants allocated to the MSG 
showed significantly greater improvement in PM bet-
ween baseline and post-intervention relative to CCT 
participants. However, this effect was not maintained at 
follow-up. Model significance for objective measures 
can be found in Table SV1 and is shown in Fig. S11. 

Objective outcomes were analysed using both raw 
and standard scores with minor discrepancies noted. 
Specifically, aetiology of stroke was no longer a sig-
nificant covariate when modelling outcomes on the 
RAVLT total learning, while hemisphere of infarction 
was a significant covariate when modelling change in 
verbal working memory. No other differences in out-
come were found. The decision was made to present 

Table II. Participant demographic, stroke and baseline memory variables

Variable Computer training (n  =  22) Memory group (n = 24) Wait control (n = 19) Total (n = 65) Statistic (p-value)

Participant variables
  Age, years, mean (SD) 61.7 (11.6) 60.4 (11.5) 60.5 (16.0) 60.9 (12.8) F = 0.07 (0.93)
  Female, % 29.2 36.4 63.2 41.5 χ2 = 5.41 (0.07)
  Education, years, mean (SD) 14.0 (2.6) 14.3 (2.1) 14.2 (2.7) 14.2 (2.4) F = 0.04 (0.96)
  Estimated IQ years, mean (SD) 102.5 (12.1) 105.2 (11.5) 99.3 (13.2) 102.6 (12.1) F = 1.14 (0.33)
  MoCA total years, mean (SD) 23.8 (2.5) 24.7 (2.2) 24.0 (3.7) 24.2 (2.8) F = 0.59 (0.56)
  NEADL total years, mean (SD) 17.0 (6.5) 19.2 (4.8) 20.5 (1.9) 18.8 (5.1) F = 2.23 (0.11)
Stroke variables
  Time since stroke, months, mean (SD) 46.3 (51.1) 40.9 (46.5) 37.3 (35.4) 41.7 (44.8) F = 0.20 (0.82)
  Left hemisphere, % 42.9 69.5 47.3 54.8 χ2 = 9.96 (0.04)
  Bilateral, % 83.4 16.6 0.0 9.23
  Ischaemic, % 50.0 79.2 84.2 69.2 χ2 = 10.56 (0.03)
Objective memory, mean (SD)
  Verbal learninga –0.7 (1.5) –0.7 (1.2) –0.4 (1.4) –0.6 (1.3) F = 0.34 (0.71)
  Verbal recalla –1.3 (1.5) –1.0 (1.2) –0.3 (1.4) –0.9 (1.4) F = 3.02 (0.06)
  Visual learninga –1.1 (1.1) –1.0 (1.3) –0.4 (1.4) –0.9 (1.3) F = 1.79 (0.18)
  Visual recalla –1.0 (1.3) –1.0 (1.5) –0.3 (1.6) –0.8 (1.5) F = 1.58 (0.21)
  Verbal WMb 10.4 (2.6) 11.4 (3.3) 10.0 (3.9) 10.6 (3.3) F = 1.09 (0.34)
  Visual WMb 8.6 (2.2) 8.3 (2.0) 8.8 (2.4) 8.5 (2.2) F = 0.39 (0.68)
Strategy use, mean (SD)
  External 12.5 (6.1) 12.8 (6.0) 11.9 (5.4) 12.5 (5.8) F = 0.12 (0.89)
  Internal 4.1 (4.1) 3.4 (2.6) 3.9 (3.9) 3.8 (3.5) F = 0.24 (0.80)
Subjective memory, mean (SD) 
  Everyday memory 20.6 (13.4) 19.8 (11.2) 18.8 (16.5) 19.8 (13.2) F = 0.07 (0.93)
  PM-self 64.0 (23.5) 58.6 (14.6) 68.1 (27.0) 63.1 (21.7) F =  0.87 (0.43)
  PM-close other 63.3 (26.2) 62.5 (18.7) 57.9 (22.4) 61.6 (22.4) F = 0.18 (0.79)

aValues are z-scores
bValues are age-scaled scores 
IQ: intelligence quotient; MoCA: Montreal cognitive assessment; NEADL: Nottingham extended activities of daily living; PM: prospective memory; WM: working 
memory; SD: standard deviations. 

Table III. Estimated marginal means and effect sizes for goal 
attainment

Measure

Estimated marginal means

Baseline
Mean ± SE

Post-
intervention 
Mean ± SE

Follow-up 
Mean ± SE Cohen’s d

Memory group 36.43 ± 2.04 55.24 ± 2.25** 59.09 ± 2.25** 1.54
Computer training 36.76 ± 2.13 48.64 ± 2.38** 47.37 ± 2.58 0.90
Wait control 37.00 ± 2.30 39.52 ± 2.41 41.55 ± 2.47 0.39

**Significant interaction favouring intervention at p≤0.01.
SE: standard errors

Table IV. Estimated marginal means and effect sizes for objective 
memory outcomes

Measure

Estimated marginal means

Baseline 
Mean ± SE

Post-
intervention 
Mean ± SE

Follow-up 
Mean ± SE Cohen’s d

Verbal learning
  MSG –0.71 ± 0.24 –0.53 ± 0.26 –0.86 ± 0.26 0.10
  CCT –0.70 ± 0.25 –0.78 ± 0.27 –1.02 ± 0.28 0.35
  WC –0.51 ± 0.27 –0.46 ± 0.28 –0.66 ± 0.25 0.11
Verbal recall
  MSG –1.01 ± 0.24 –0.94 ± 0.25 –1.08 ± 0.25 0.04
  CCT –1.26 ± 0.25 –1.13 ± 0.27 –1.23 ± 0.28 0.02
  WC –0.37 ± 0.27 –0.48 ± 0.28 –0.37 ± 0.28 0.00
Visual learning
  MSG –1.02 ± 0.26 –0.27 ± 0.28 –0.12 ± 0.29 0.65
  CCT –1.10 ± 0.27 –0.62 ± 0.26 –0.72 ± 0.32 0.34
  WC –0.45 ± 0.29 0.22 ± 0.31 –0.16 ± 0.31 0.26
Visual recall
  MSG –1.03 ± 0.28 –0.31 ± 0.30 –0.29 ± 0.31 0.54
  CCT –1.00 ± 0.29 –0.52 ± 0.32 –0.51 ± 0.33 0.50
  WC –0.40 ± 0.32 0.11 ± 0.33 –0.25 ± 0.34 0.12
Verbal WM
  MSG 10.37 ± 0.74 11.43 ± 0.67 11.89 ± 0.68* 0.26
  CCT 10.23 ± 0.67 9.76 ± 0.71 11.07 ± 0.73 0.22
  WC 9.94 ± 0.71 9.70 ± 0.73 10.37 ± 0.74 0.11
Visual WM
  MSG 8.13 ± 0.53 9.97 ± 0.57 9.75 ± 0.57 0.47
  CCT 8.48 ± 0.58 9.70 ± 0.62 8.80 ± 0.63 0.10
  WC 8.78 ± 0.60 8.63 ± 0.62 9.62 ± 0.63 0.24
PM
  MSG 5.65 ± 0.57 9.68 ± 0.64** 8.84 ± 0.67 0.84
  CCT 6.29 ± 0.60 6.90 ± 0.68 8.10 ± 0.72 0.35
  WC 6.61 ± 0.64 7.47 ± 0.68 7.75 ± 0.72 0.30

*Significant interaction favouring intervention at p ≤ 0.05.
**Significant interaction favouring intervention at p ≤ 0.01.
MSG: memory skills group; CCT: computerized cognitive training; WC: waitlist 
control; WM: working memory; PM: prospective memory; SE: standard errors

J Rehabil Med 51, 2019
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DISCUSSION

To our knowledge, this study is the first phase II RCT 
comparing real-world rehabilitation outcomes of CCT 
and MSG rehabilitation in stroke survivors. Partici-
pants in the MSG reported significant improvement 
in goal attainment above WC following intervention. 
These gains were maintained at a 6-week follow-up, 
with participants showing significant improvement 
beyond both CCT and WC participants at this pri-
mary time-point. The magnitude of group differences 
suggested a large treatment effect (see Table III). 
These findings provide preliminary support for the 
generalization of MSG outcomes to real-world im-
provements in memory functioning; a finding not 
reported previously. While participants in the CCT 
group described some increase in goal attainment, 
performance did not improve beyond WC at any time-
point. These results do not support the generalization 
of training to real-word benefit; a finding consistent 
with recent commentary (6, 8). Within the context 
of equivocal memory rehabilitation outcomes to date 
(10), this study meaningfully contributes to the extant 
body of literature through confirmation of real-world 
improvement following group intervention training the 
use of compensatory memory strategies and highlights 
the potential utility of MSG in clinical practice. We 
acknowledge that multiple cognitive deficits may af-
fect memory functioning after an acquired brain injury, 
such as stroke. Unlike CCT, which specifically targets 
an isolated domain of cognition, the MSG provides 
a more holistic approach to rehabilitation and may 
be better for addressing the multifaceted nature of 
memory deficits following stroke. There is promising 
evidence to indicate that CCT may be effective in 
remediating impairment in attention and executive 
functioning in acquired brain injury (33); 2 cognitive 
domains known to be necessary for everyday memory 
functioning. Future research should seek to explore the 
real-world benefit of more globally targeted CCT on 
everyday memory functioning. 

Regarding secondary outcome measures, partici-
pants in the MSG displayed a significant improvement 
in performance on visual WM and PM tasks, showing 
greater improvement than CCT participants following 
intervention. However, group differences ceased to be 
significant at follow-up. Findings do not provide sup-
port for the sustained effects of either intervention on 
neuropsychological measures of memory. Although 
non-significant, this finding is not unexpected within 
the theoretical framework of compensation. By cont-
rast, results are surprising within the framework of 
restoration; whereby reduction in memory impairment 
represents a necessary precursor to the transfer of train-

findings as standard scores, in line with the clinical 
translation goals of this paper. 
Subjective memory. There was a significant interaction 
between group and time-point when modelling change 
in subjective everyday memory (see Table V). Post-
hoc analysis established that participants in the MSG 
showed a significant reduction in the frequency of 
everyday memory complaints following the interven-
tion. This interaction was, however, no longer signifi-
cant at follow-up and did not differ from WC or CCT 
participants. Subjective PM did not significantly differ 
between groups following intervention. However, a 
significant group by time interaction was found when 
modelling change on relatives’ reported PM failures, 
whereby participants allocated to CCT intervention 
displayed a significant reduction in frequency of close-
other reports of PM failures following intervention. 
Improvement was not maintained at follow-up. 

Regarding self-reported strategy use, there was a 
significant interaction seen when modelling change 
in frequency of internal strategy use. Although all 
participants reported a significant increase in strategy 
use at post-assessment, this improvement was only 
maintained at follow-up for participants allocated to the 
MSG. While all participants described improvement in 
external strategy use over time, there was no significant 
interaction. Model significance for subjective measures 
can be found in Table SVI1 and is shown in Fig. S21.

Table V. Estimated marginal means and effect sizes for subjective 
memory outcomes

Measure

Estimated marginal means

Baseline
Mean ± SE

Post-
intervention
Mean ± SE

Follow-up
Mean ± SE Cohen’s d

Everyday memory
  MSG 20.05 ± 2.71 13.77 ± 2.81* 14.48 ± 2.78 0.36
  CCT 21.37 ± 2.85 16.64 ± 2.96 15.55 ± 3.10 0.28
  WC 19.97 ± 3.10 18.80 ± 3.07 16.12 ± 3.06 0.22
PM-self
  MSG 58.88 ± 4.05 54.72 ± 4.38 65.35 ± 4.26 0.26
  CCT 65.35 ± 4.05 55.30 ± 4.52 59.79 ± 5.00 0.21
  WC 68.06 ± 4.66 55.78 ± 4.67 61.38 ± 4.67 0.25
PM-close other
  MSG 61.72 ± 4.07 55.47 ± 4.40 57.51 ± 4.53 0.18
  CCT 64.70 ± 4.07 46.32 ± 4.40* 49.22 ± 4.85 0.64
  WC 57.15 ± 4.73 56.81 ± 4.46 53.89 ± 4.73 0.13
Int. strategy use 
  MSG 3.50 ± 1.07 11.04 ± 1.17* 12.15 ± 1.18* 1.27
  CCT 4.33 ± 1.10 10.11 ± 1.24 10.40 ± 1.36 0.84
  WC 3.94 ± 1.25 7.33 ± 1.26 8.68 ± 1.29 0.64
Ext. strategy use
  MSG 12.86 ± 1.12 16.78 ± 1.22 18.17 ± 1.23 0.84
  CCT 13.00 ± 1.15 15.35 ± 1.30 13.88 ± 1.42 0.13
  WC 11.54 ± 1.31 13.69 ± 1.31 15.77 ± 1.34 0.63

*Significant interaction favouring intervention at p ≤ 0.05.
MSG: memory skills group; CCT: computerized cognitive training; WC: waitlist 
control; PM: prospective memory; Int.:  internal; Ext.:  external; SE: standard 
errors.
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ing (6). Findings are discrepant from previous CCT 
studies in which improvement in objective memory 
has been described (34–36). Possible explanations for 
inconsistency in findings may relate to discrepancies in 
training platforms, samples and design of these studies. 
Most previous CCT studies have used CogMed QM 
training, which selectively targets WM. In addition, 
previous studies have commonly used mixed aetio-
logy samples (35, 36), which limits generalization to 
stroke. Moreover, the most widely cited stroke CCT 
study (34) failed to incorporate follow-up assessment, 
an active control or blinded assessors. Limitations are 
particularly pertinent given the vulnerability of CCT 
to placebo effects (6) and may account for disparate 
findings. Given that LumosityTM is arguably the most 
popular and widely recognized CCT programme 
currently available (30) and purports to remediate 
everyday memory, its effectiveness requires ongoing 
empirical validation.

There were short-term effects of MSG intervention 
on subjective ratings of everyday and memory failures 
and CCT close other ratings of PM difficulties, though 
these were not seen at follow-up. Within this context, 
it is possible that the inclusion of “booster sessions” to 
consolidate treatment gains may be necessary to main-
tain the benefits of the MSG intervention over time; a 
finding previously described in brain-injured samples 
(37). Regarding self-reported strategy use, while all 
participants reported a significant increase in strategy 
use over time, improvement was only maintained for 
participants allocated to the MSG. This interaction 
was not seen for external strategy use. These findings 
suggest that MSG, but not CCT, may be effective in 
improving the frequency of internal strategy use; a 
finding supported by recent qualitative analysis (38). 
Group discrepancies in strategy use may relate to the 
context in which this information is acquired. While 
participants in the MSG were taught strategies in a 
structured group format and actively encouraged to 
apply them to everyday tasks, participants in the CCT 
intervention appeared to spontaneously implement 
internal strategies to improve their task performance. 
This adoption of strategies in CCT has been previously 
described, and has been suggested as contributing to 
the transfer of computerized interventions to untrained 
activities (39). Nevertheless, the likely variable manner 
in which participants implemented these strategies to 
everyday tasks may account for their lack of sustained 
effectiveness and everyday applicability. Findings are 
consistent with qualitative feedback from CCT parti-
cipants who considered strategy use as “cheating” and 
failed to see the generalization to real-world strategy 
use (38). Future research should seek to explore the 
efficacy of combined CCT with compensatory memory 

strategy training to encourage generalization of spon-
taneously implemented strategy use. 

Some methodological limitations of this study 
are acknowledged. Importantly, the study compared 
group, centre-based training of compensatory strate-
gies with individual, home-based computer training. 
Consequently, we were unable to control for the ef-
fects of group socialization not present in CCT. Thus, 
we cannot rule out the possibility that some of the 
improvement evident in MSG participants may have 
resulted from group participation, rather than group 
content per se. However, this was a deliberate deci-
sion on behalf of researchers to maintain ecological 
validity through delivery of the interventions as they 
are clinically intended, to facilitate the translation of 
findings. Similarly, although the MSG is a manualized 
intervention, participants allocated to this condition 
may have had the opportunity to raise specific goals, 
not seen in CCT participants. Future research should 
seek to explore the impact of group delivered CCT to 
assist in delineating the influence of content vs medium 
of delivery.

The subjective nature of several outcome measures 
may be prone to measurement error. Regular interac-
tion with researchers for intervention, but not WC 
participants may also have led to Hawthorne effects, 
particularly given the subjective nature of outcomes 
(40). However, these effects do not explain differences 
between MSG and CCT groups, which remains the 
aim of this paper. Similarly, participants in the study 
often had difficulty specifying memory goals, parti-
cularly given their abstract nature. Notwithstanding, 
participants appeared to understand the process of 
goal setting, and potential difficulties were controlled 
for across groups. Interestingly, the majority of WC 
participants described achieving a memory goal in the 
absence of a structured intervention. Results highlight 
the potential therapeutic effect of goal setting but also 
support the added benefit of MSG training beyond 
these benefits. Findings further demonstrate the need 
for a control condition to robustly explore the impact 
of health interventions. 

In addition, eligibility was not limited to individuals 
with objective memory impairment, which may explain 
the relatively mild nature of memory impairment in this 
sample. The inclusion criterion of subjective memory 
complaints was selected deliberately to reflect the 
patient population that is most likely to present for me-
mory rehabilitation services. Access to memory rehabi-
litation services is not usually contingent on objective 
memory impairment from a clinical perspective. Our 
primary aim was to understand if these interventions 
improved everyday memory function irrespective of 
the underlying cause of change. Nonetheless, findings 
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may not be generalizable to individuals with more se-
vere memory impairment. Future research should seek 
to explore factors that may impact treatment response 
(e.g. mood and severity of objective impairment). 

Lastly, our sample size and exclusion criteria limit 
generalizability. Although the sample size was con-
sidered sufficient to power this Phase II exploration, 
replication in a Phase III trial with a larger sample 
remains an important goal. Our modest sample size 
may also account for chance differences on prognostic 
factors (i.e. hemisphere and aetiology of infarction), 
which may mediate the relationship between interven-
tion and outcome (41). Predictors of treatment response 
including location and aetiology of stroke will be exa-
mined in a separate study. In addition, exploration of 
the cost-effectiveness of these 2 interventions is being 
explored separately and will further assist in facilitating 
ecological translation. 

These limitations noted, the results of this study 
support the use of MSG training to improve everyday 
memory functioning for survivors of stroke. These 
Phase II data indicate MSG rehabilitation was effective 
in improving functional goal attainment and internal 
strategy use. Importantly, gains were maintained 
and consolidated for 6 weeks after the intervention 
was completed. In contrast, CCT did not result in a 
significant improvement on functional, objective or 
subjective measures of memory. Given our somewhat 
modest sample size, we view this as preliminary 
evidence for the use of compensatory approaches to 
memory rehabilitation after stroke.
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