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Franzisca Zehnder®*, Mike Martin®, Mareike Altgassen® and Linda Clare®
aInstitute of Psychology, University of Zurich, Zurich, Switzerland

bTechnische Universitat Dresden, Dresden, Germany

¢School of Psychology, Bangor University, Bangor, UK

Abstract. In most studies on plasticity using behavioural data, cognitive plasticity has been studied in the context of short-term
interventions such as memory training. In order to systematically review the literature on memory training and summarize
its effects for old healthy people and people with mild cognitive impairment on multiple functional domains, we conducted
a meta-analysis of all published randomized controlled trials (RCT) between 1970 and 2007. Overall, 24 studies examining
memory training effects in healthy and in mildly cognitively impaired old adults were identified and included in the analysis.
Only memory trainings (e.g. memory skills training, imagery, method of loci) with cognitive outcome measures, duration of
intervention with up to one year with at least a baseline and a post-intervention assessment reported, were included.

Results demonstrate significant training effects for paired associate learning and immediate and delayed recall in healthy old
adults and for immediate recall in mildly cognitively impaired old adults. However, training effects were no larger than those
found for active control conditions. Our results suggest that evidence on the effectiveness and specificity of training interventions
is scarce. We discuss limitations of existing knowledge about the efficacy of memory training interventions and implications for

future research to improve knowledge regarding effective cognitive interventions.
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1. Purpose

Understanding more about the processes underlying
plasticity in cognitive performance may offer various
avenues for supporting cognitive functioning in later
life. Findings from a number of studies have indi-
cated that cognitively-stimulating activities may help
to protect against cognitive decline in later life (Wil-
son, 2002). Building on these observations, researchers
have attempted to enhance or maintain cognitive func-
tioning in old people by means of systematic cognition-
based interventions such as memory training (Willis et
al., 2009). For theoretical as much as practical purpos-
es, it is therefore important to establish to what extent
cognitive performance can be improved through sys-
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tematic training across adulthood and old age, and for
how long gains can be maintained. Moreover, possible
factors that influence the extent of any gain for a given
individual, and the relative importance for magnitude
of gains of different features of the training, such as in-
tensity, frequency, duration, instructional procedures,
or focus, need to be explored (Hoyer, 2006; Nyberg,
2005; Willis, 2001).

Research on memory training has focused on exam-
ining the potential for improvement of cognitive func-
tioning in normal ageing and on determining the lim-
its of cognitive plasticity in old age (Hoyer and Ver-
haeghen, 2006; Kliegl et al., 1989; Verhaeghen et al.,
1992). Cognitive plasticity refers to cognitive changes
and adaptations, and especially to the potential per-
formance of people under optimal conditions (Singer,
2000). Generally, cognitive training research has fo-
cused on cognitive processes (e.g., processing speed,
inhibition; Ball et al., 2001; Jones et al., 2006), pri-
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mary mental abilities (e.g., inductive reasoning, spa-
tial orientation, episodic memory; Schaie and Willis,
1986), higher order cognitive constructs (fluid intelli-
gence, executive functioning; Jaeggi et al., 2008), and
global cognition involving multiple cognitive domains
(Experience Corp; Fried et al., 2004). Most of these
studies have targeted old adults with some kind of se-
vere cognitive impairment. Several criteria have been
involved in evaluating the effectiveness of cognitive
training, and these criteria are of interest in the study
of cognitive plasticity (Ball et al., 2001).

For the majority of old people the extent of any cog-
nitive decline is relatively small, but some individuals
develop more extensive difficulties and are at greater
risk of developing a form of dementia. Current attempts
focus on the identification of these individuals in the
preclinical stage, which has led to the development of
the diagnostic concept of Mild Cognitive Impairment
(MCI). MCI applies to individuals with declining cog-
nitive abilities, but largely preserved everyday func-
tioning. Individuals with MCI display subtle cognitive
changes that are not severe enough to fulfil diagnostic
criteria for dementia, but are greater than those typi-
cally observed in their age group (Larrieu, 2002; Pe-
tersen, 2001). Earlier definitions emphasized the differ-
entiation from optimal ageing (e.g. “Benign Senescent
Forgetfulness™; Kral, 1962; “Age-Associated Memory
Impairment”; AAMI; Crook, 1986), or the identifica-
tion of preclinical dementia patients (e.g., “Malignant
Senescent Forgetfulness”; Kral, 1962; “Cognitive Im-
pairment, No Dementia”; CIND; Graham, 1997). The
term MCI as defined by the American Psychiatric As-
sociation (APA 1987) is a condition involving impaired
short- and long-term memory, but no functional impair-
ment. MCI is assumed to be a precursor of dementia,
i.e., a transitional state between normal cognitive de-
cline in old age and dementia. According to the diag-
nostic concept MCI as proposed by the International
Working Group on Mild Cognitive Impairment (Win-
blad et al., 2004), the criteria for MCI are (a) the person
is neither healthy nor demented, (b) there is evidence of
cognitive deterioration which is either reflected in de-
cline in neuropsychological test performance over time
and/or subjective report of decline by self and/or infor-
mant in conjunction with objective cognitive deficits as
defined by neuropsychological test performance below
age-adjusted norms, and (c) activities of daily living
are preserved and complex instrumental functions are
either intact or minimally impaired. Due to the vari-
ability in definitions, studies investigating prevalence
and incidence of MCI come to different conclusions

(Kratz, 2002). Prevalence rates reported in the litera-
ture vary between 5% and 25% (Kumar, 2005; Manly,
2005; Purser, 2005), and incidence rates between 0.5
and 8% (Busse, 2003; Larrieu 2002; Jungwirth, 2005).

Numerous studies report effects of cognition-focused
interventions in old people. There is some evidence
for cognitive plasticity in later life as well as a possible
protective effect of engaging in cognitively-stimulating
activity (Baltes and Lindenberger, 1988; Wilson, 2002;
Hultsch, 1999). This suggests there may be potential to
improve cognitive functioning in later life through cog-
nitive training interventions, and this in turn might help
to support continued independence and maximise qual-
ity of life for old people. For old people with MCI who
are at increased risk of developing dementia cognition-
focused interventions may help to improve or maintain
their level of cognitive performance and thereby delay
or prevent further decline (Hoyer, 2006; Wilson, 2002).
This is also targeted by memory training which is one
of the most applied cognitive interventions (Hultsch,
1999; Schooler, 2001; Stern, 2002). However, so far
it is unclear which factors may be responsible for any
benefits resulting from memory training, and whether
the same or different approaches are needed for healthy
old people and old people with mild cognitive impair-
ment (Nyberg, 2005).

Memory trainings may be offered in various forms,
like individual or group sessions, and tasks may be pre-
sented in various modalities, including paper-pencil or
computerised versions but all aim at performance im-
provement. Approaches differ with regard to trained
abilities (e.g., memory, attention, speed of information
processing) and specificity of training (e.g., training
of text recall vs. multimodal and holistic approaches
training a combination of abilities). In addition, strate-
gies practiced in the training sessions (e.g., method of
loci, imagery training), duration of training sessions,
overall training period, frequency of training sessions,
group size and participants’ characteristics (e.g., edu-
cation, personality, preferred learning style etc.) differ
between studies. Standardized training tasks are used
(Clare, 2003), but difficulty may be varied to adjust for
individual’s ability level. Effectiveness is considered
in terms of improvements on test scores in the areas of
cognitive functioning targeted in the training, mainte-
nance of improvements over time, transfer of training
effects to other kinds of cognitive tasks, and generali-
sation of effects to everyday functioning.

Moreover, studies vary with regard to design and
outcomes, and may use pre-post comparisons, random-
ized control groups or comparisons with active control
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conditions. Several meta-analyses have provided de-
tailed descriptions on the effectiveness of specific mem-
ory training types. Verhaeghen et al. (1992) focused
on memory training gains in episodic memory tasks
and evaluated effect sizes as a function of the type of
mnemonic trained, whereas Floyd and Scogin (1997)
examined the effectiveness of memory training on sub-
jective memory functioning and mental health of older
adults. Sitzer et al. (2006) and Clare et al. (2003/2007)
summarized cognitive training effects for old people
with a diagnosis of dementia. In contrast to these pre-
vious meta-analyses the present review focuses on i)
healthy old people and people with mild cognitive im-
pairment; ii) memory trainings with outcome measures
such as immediate and delayed recall or name-face as-
sociations; iii) randomized controlled trials (RCT) to
prevent selection bias in allocating interventions to par-
ticipants (participants are assigned to receive a specific
treatment intervention by a chance mechanism so that
the value of a treatment will be shown in an objective
way and therefore the study groups are unbiased) and to
gain information on treatments’ effectiveness in com-
parison to no contact control groups and active control
groups (receiving an alternative treatment).

The present article aims to 1) provide an overview
of the effectiveness of memory trainings for healthy
old people and people with mild cognitive impairment,
2) discuss limitations of existing knowledge regarding
the effectiveness of trainings and 3) suggest concrete
steps for future research on how to improve knowledge
regarding effective memory trainings.

2. Method

A meta-analysis on 24 randomized controlled mem-
ory training studies reported in the literature from 1970
to 2007 was conducted.

2.1. Literature Search

The trials were identified from a search of the Spe-
cialized Register of the Cochrane Dementia and Cog-
nitive Improvement Group (CDCIG) on 30 Septem-
ber 2007. This register contains records from the ma-
jor healthcare databases The Cochrane Library, MED-
LINE, EMBASE, PsycINFO, CINAHL and LILACS
The CDCIG as well as many ongoing trial databases
from UK, Netherlands, USA/International. We used
the search terms: “cognitive stimulation’ OR *cognitive
rehabilitation’ OR ‘cognitive training’ OR ‘cognitive

retraining’ OR ‘cognitive re-training” OR ‘cognitive
support’ OR ‘memory function’ OR ‘memory rehabil-
itation’ OR ‘memory therapy’ OR ‘memory aid*” OR
‘memory group*’ OR ‘memory training” OR ‘memory
retraining’ OR ‘memory support” OR ‘memory stim-
ulation” OR ‘memory strategy’ OR ‘memory manage-
ment’. These search terms were used in combination
with Phases 1 to 3 of the highly sensitive search strate-
gies for identifying reports of randomized controlled
trials in MEDLINE (APPENDIX 5b, Cochrane Hand-
book, 2006), and all terms were searched as title, ab-
stract, keyword, and publication type. These results
were supplemented by searches from January 1970 to
September 2007 in PsycINFO/PSYNDEX, ISI Web of
Knowledge and Pubmed. The search terms used in
these searches were: ‘memory training’, ‘mnemon-
ic training’, ‘cognitive training’, ‘cognitive rehabili-
tation’, ‘cognitive intervention’, ‘cognitive exercise’
in combination with “elderly’, ‘old adults’, old age’,
‘MCI’, “‘mild cognitive impairment’, ‘“memory com-
plainers’, “‘AACD’, ‘dementia’, ‘dementia treatment’,
and ‘dementia therapy’. Dementia terms were includ-
ed because training studies targeting old people with a
form of dementia may also include healthy old control
groups or groups with people with mild cognitive im-
pairmentand could therefore be relevant for this review.
After searches of the major databases were completed,
reference lists from acquired studies and recent meta-
analyses were examined to find additional randomized
control trials.

2.2. Types of interventions

We focused on randomized control trials, for which
adequate information (such as age group, mean values,
and standard deviations) was provided. The studies in-
cluded have been published in English or German in a
peer-reviewed journal (in order to avoid reporting over-
lapping data in journals and book chapters). Studies
were considered for the review if they described mem-
ory training interventions. Only studies with cognitive
outcome measures, such as any measures of cognitive
functioning, improvement, sustainability and transfer
of training effects, were included. Duration of inter-
vention was up to one year with at least a baseline and
a post-intervention assessment reported. Studies were
only included in the review if they recorded partici-
pants’ performance at least at two time points.

To date, most studies investigating the effectiveness
of cognitive interventions have used pre-post designs
or relied on comparisons with alternative approaches,
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active control conditions, or waiting list control con-
ditions. In this review, we coded the groups as being
either a) a no contact control group, when no treatment
(apart from testing) was given; b) an active control
group, when the control group was active in some way
but the given treatment was not a memory training (i.e.
relaxation training) or when training was some com-
bined treatment (i.e. memory training and art discus-
sion); ¢) treatment group, when a memory training was
given.

In the literature, the handling of multiple training
or control groups has been solved in many different
ways. One could subject any study that has multi-
ple treatment conditions to a randomization process
whereby only one treatment is selected for inclusion in
the meta-analysis or consider each cognitive training-
control comparison as a separate study (i.e., Sitzer et
al., 2006). When several control groups were com-
pared to the treatment group, e.g., no contact control
group and active control group, we decided to consider
each treatment-control comparison as a separate study
in order to maximize information extraction from the
database.

2.3. Participants

To meet inclusion criteria for the review, participants
(both male and female) had to be aged 60 years or older,
and to be either healthy old people or old people who
met criteria for mild cognitive impairment, but without
a diagnosis of dementia. In order not to exclude stud-
ies that might be relevant for the review, none of the
specific definitions of mild cognitive impairment were
particularly included or excluded, but information on
participants’ cognitive ability was required for classifi-
cation of individual cognitive status. Participants could
be trained in any setting (group or individual).

2.4. Procedure and analysis

Searches were conducted as described above to iden-
tify all relevant published studies, and hard copies of
all articles were obtained. Randomized controlled tri-
als were identified and four reviewers worked indepen-
dently to determine which studies met criteria for in-
clusion before reaching a final consensus. The quali-
ty assessment was conducted by using the approaches
described in the Cochrane Reviewers’ Handbook (Hig-
gins, 2008): In category A (adequate), the report de-
scribes allocation of treatment by some form of central-
ized randomized scheme, such as e.g. having to provide

details of an enrolled participant to an office by tele-
phone to receive the treatment group allocation; cat-
egory B (intermediate) is where the report describes
allocation of treatment by use of a “list” or “table”
to allocate assignments, use of “envelopes” or “sealed
envelopes”, stating the study as “randomized” without
further detail. Category C (inadequate) is where the
report describes allocation of treatment by alternation,
reference to case record numbers, dates of birth, day
of week, or any such approach, any allocation proce-
dure that is transparent before assignment, such as an
open list of random numbers or assignments. Empir-
ical research has shown that lack of adequate alloca-
tion concealment is associated with bias. Trials with
unclear concealment measures have been shown liable
to yield more pronounced estimates of treatment ef-
fects than trials that have adequate measure to conceal
allocation schedules, but the effect is less pronounced
than for inadequately concealed trials (Chalmers, 1983;
Schulz, 1995). Trials were therefore considered if they
conformed to categories A or B, but those falling in
category C were excluded.

Data from the RCTs selected for inclusion was ex-
tracted. Summary statistics (n, mean and standard de-
viation) were used for each rating scale at each as-
sessment time for each treatment group in each tri-
al to detect change from baseline. For cross-over tri-
als only the data from the first treatment period was
used. When change from baseline results was not re-
ported, the required summary statistics were calculat-
ed from the baseline and assessment time treatment
group means and standard deviations. In this case, as is
customary in reviews adhering to the standards of the
Cochrane Review Group, a zero correlation between
the measurements at baseline and assessment time was
assumed. Although this method may overestimate the
standard deviation of the change from baseline, it is
the most conservative approach, thus ensuring a high
validity of the results from the meta-analysis.

Baseline assessment was defined as the latest avail-
able assessment prior to randomization, but no longer
than two months before prior testing. For each out-
come measure, data from those who completed the trial
was sought and indicated as such. However, in order to
allow an intention-to-treat analysis, wherever possible
the data was sought irrespective of compliance, whether
or not the person was subsequently deemed ineligible
or otherwise excluded from treatment or follow-up.

Based on the goal of determining if particular memo-
ry constructs could be improved through interventions,
we grouped the studies based on the trained outcome,
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thus assuming that interventions were similar to the de-
gree they were targeting the same memory construct.
Since none of the trainings was completely identical
and differed at least with respect to duration and sample,
grouping by intervention technique would have mostly
lead to the same grouping. The present study aimed
at exploring whether memory trainings, in general, do
have an effect on memory performance and not at find-
ing out which technique is most effective. Consequent-
ly, outcome measures were derived from the evalua-
tion instruments used and then grouped based on the
following memory subgroups: immediate and delayed
recall of words, paragraphs or stories, face-name recall,
paired associate learning, visuo-spatial and short-term
memory.

Data on outcome measures were pooled as homoge-
neous subgroups whenever possible within the mem-
ory domain. We pooled studies with sufficient da-
ta that were judged to be clinically homogeneous us-
ing RevMan 5.0 software. We conducted forest plots
with integrated statistical tests for heterogeneity (chi-
squared test). When studies were statistically hetero-
geneous (12 test value > 50%), a random-effects model
was used; otherwise a fixed-effects model was adopted.

3. Results
3.1. Searchresults and selected studies

Included in statistical analyses were studies that a)
included healthy subjects or people with mild cognitive
impairment b) included a pre- and post-treatment mea-
sure of memory performance (studies that investigated
long-term effects through follow-up were not includ-
ed), d) provided sufficient statistical data for the com-
putation of effect sizes. A total of 24 memory train-
ing studies were retrieved to be included in the current
meta-analysis and were pooled for calculations.

Regarding allocation concealment, one study was
ranked as grade A and 23 as grade B. Twenty-one of
the included studies involved healthy old people and
three of them investigated people with mild cognitive
impairment. Main reasons for excluding studies were
i) studies included patients with more severe cognitive
impairments than MCI; ii) no RCT; iii) studies were re-
views or not journal articles; iv) were written in neither
English nor German; v) contained missing data; vi) age
range; vii) no pre/post design.

Included memory training intervention studies for
healthy old people focused primarily on the training of

the memory domain using one or multiple mnemotech-
niques (i.e. memory skills training, self-monitoring ap-
proach for improving older adult learning, imagery,
method of loci, self-studied memory training manual,
mnemonic training, memory strategy training) to im-
prove the target construct. Studies varied considerably
in terms of number of training sessions and overall du-
ration of the intervention: number of training sessions
in hours ranged from six to 135 hours, overall period of
the cognition-based intervention from one day to one
year. Less divergent but still variable and not always
indicated, were pre- to post-test intervals and training
to post-test intervals. Eighteen interventions were con-
ducted in group settings with a trainer or tutor, only two
study settings were self-instructional, two studies used
both single and group setting, the setting of 2 training
remains unclear.

The total sample of old study participants consisted
of 2229 persons, with an estimated mean age of 69.9
years (SD 3.53; mean age was estimated from midpoint
of age range for those studies in which mean age was
not reported). Overall, 24 studies, consisting of 767
healthy old adults and 34 participants with mild cogni-
tive impairment, 442 no contact controls and 986 ac-
tive controls were included in the analysis. The studies
are presented in the Appendix including intervention
groups, study sample sizes, mean ages, MMSE, dura-
tion of training and outcome variables where available
(see also Martin et al., in press).

3.2. Effects

Data of 24 randomized controlled trials were pooled.
Results are summarized in Tables 1-4. Tables con-
tain information on the outcome measure, number of
studies, number of participants, statistical method used
(fixed or random effects model as well as confidence
interval), effect estimates (and effect ranges in paren-
thesis), heterogeneity measures and overall effect sizes.
The magnitude of effect size estimates is defined as
small, d = 0.20; medium, d = 0.50 and large, d =
0.80 (Cohen, 1988). Positive effects sizes denote that
the treatment (memory training) group showed better
performance on the outcome measures than the cor-
responding control group, negative effects favour the
control groups.

For healthy old adults, performances on paired as-
sociate learning (p < 0.05), immediate verbal recall
(p = 0.001) and delayed verbal recall (p = 0.006) im-
proved significantly following training compared to a
no contact control condition (see Table 1).
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Table 1
Healthy old adults: Treatment versus no contact
Outcome Number Participants Statistical method  Effect estimate Heterogeneity Test for
measure of studies overall effect
face-name immediate recall 4 170 Mean difference 0.58 [-0.52,1.67] Chi2 =4.96,df =3 Z=1.03
(1V, fixed, 95% CI) (P =017);12=40% (P =0.30)
face-name delayed recall 3 119 Mean difference —0.24[-1.62,1.14] Chi2 =0.03,df =2 Z=034
(1V, fixed, 95% CI) (P =0.98); 12 = 0% (P =0.73)
visuo-spatial memory 3 83 Mean difference 0.40[—1.03,1.84] Tau?= 2.46; Chi® =7.56, Z=0.74
(IV, random, 95% df =1 (P = 0.006); (P =0.46)
Cl) 12 =87%
short-term memory 6 457 Mean difference 221[-0.79,5.21] Tau? = 18.74; Chi? = Z=150
(IV, random, 95% 460.38,df =4 (P =0.13)
o)) (P < 0.00001); 12 = 99%
paired associates 3 120 Mean difference 2.71[1.65,3.78] Chi?2 =058, df =2 Z=498
(1V, fixed, 95% CI) (P =0.75); 12 = 0% (P <0.00001)
immediate recall 23 1074 Mean difference 0.16 [0.06, 0.26] Chi? = 45.86, df = 22 Z=2326
(1V, fixed, 95% CI) (P =0.002); 12=52% (P =0.001)
delayed recall 13 1203 Mean difference 0.88 [0.26, 1.51] Chi2=22.97, df = 12 Z=276
(1V, fixed, 95% CI) (P =003);12=48% (P =0.006)
Table 2
Healthy old adults: Treatment versus active control
Outcome Number  Participants Statistical method Effect estimate Heterogeneity Test for
measure of studies overall effect
face-name immedi- 10 581 Mean difference (IV, 0.93[0.41, 1.44] Chi? = 14.59,df =8 Z =353
ate recall fixed, 95% ClI) (P =0.07); 12 = 45% (P =0.0004)
face-name delayed 3 364 Mean difference (IV, 0.47 [—0.59, 1.54] Tau? = 0.62; Chi? =7.17, Z=10.87
recall random, 95% ClI) df =3 (P =0.07); (P =0.38)
12 = 58%
visuo-spatial 3 149 Mean difference (IV, —0.94 [-1.66, —0.22] Chi? =10.85,df =2 Z=257
memory fixed, 95% CI) (P =0.004); I = 82% (P =0.01)
short-term memory 6 442 Mean difference (IV, 2.23[—0.68, 5.14] Tau? = 12.88; Chi?= Z =150
random, 95% CI) 484.01,df =5 (P =0.13)
(P < 0.00001); 12= 99%
paired associates 4 424 Mean difference (IV, —0.49[—1.15,0.16] Tau? = 0.32; Chi? = Z =147
random, 95% Cl) 12.45,df = 6 (P = 0.05); (P =0.14)
12 = 52%
immediate recall 19 1468 Mean difference (IV, 0.54 [—0.10, 1.17] Tau? = 1.38; Chi? = Z=166
random, 95% CI) 71.47, df = 24 (P =0.10)
(P < 0.00001); 12= 66%
delayed recall 10 503 Mean difference (IV, 0.17 [—1.07,1.42] Tau? = 2.27; Chi? = Z2=0.27
random, 95% ClI) 29.65,df =9 (P =0.79)

(P = 0.0005); 12 = 70%

Comparing the treatment group to the active control
condition, there are some performance gains for the
memory training groups but effects were only signifi-
cant for the outcome variable face-name immediate re-
call (strong positive effect estimate = 0.93, p = 0.0004,
see Table 2) and visuo-spatial memory. The first ef-
fect demonstrates that memory training has yielded non
significant performance gains in immediate recall of
face-name associations compared to a no contact con-
trol group but significant training gains compared to the
active control group. This indicates that in this com-
parison any kind of memory training has an impact on
memory performance.

Another significant effect estimate resulted for the
outcome measure visuo-spatial memory but it was neg-
ative (effect estimate = —0.94, p = 0.01), indicating
that the active control group training was more effec-
tive than the memory training. This could be due to the
uneven sample sizes and the strong weight of the study
with the negative training effect (see Table 3).

For individuals with mild cognitive impairment, data
were scarce, but analyses indicated significant training
gains. However, only in immediate recall effects were
significantly better for the treatment condition (memory
training) than for the no contact control condition (p =
0.04). For delayed recall, the memory training was not
significantly effective compared to a no contact control
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Table 3

Healthy old adults: Treatment versus active control; outcome: visuo-spatial memory

treatment group

active control group

Study 1D mean SD  total mean SD  total weight Effect estimate
Caprio 1996 —0.21 24 61 165 258 56 62.8% —1.86[—2.77, —0.95]
Fabre 2002 25 1.33 8 2.2 2.47 8 13.6% 0.30 [—1.64, 2.24]
Fabre 2002 25 133 8 1.7 1.67 8 23.5% 0.80 [—0.68, 2.28]
Total e 72 100% —0.94[—1.66, —0.22]
Table 4
MCI: Treatment versus no contact
Outcome measure  Number  Participants ~ Statistical method Effect estimate Tests for Test for
of studies heterogeneity overall effect
Immediate recall 5 110 Mean difference (1V, 1.73[0.10, 3.37] Chi2=127,df=2(P = Z=207
fixed, 95% CI) 0.53); 12 = 0% (P = 0.04)
Delayed recall 4 73 Mean difference (IV, 2.89[—1.44,7.22] Tau? =3.30; Chi2 =1.17, Z=1.31
random, 95% CI) df =1 (P =028); I2 = (P =0.19)
14%
MCI: Treatment versus active control
Outcome measure  Number  Participants ~ Statistical method Effect estimate Tests for Test for
of studies heterogeneity overall effect
Immediate recall 2 73 Mean difference (IV, —2.36[-11.52,6.79] Tau? = 4567, Chi? = Z=0.51

random, 95% CI)

7.02, df = 2 (P = 0.03); (P =0.61)
12 =72%

group. The improvement forimmediate recall however,
was unspecific, as it did not exceed the improvement
from the active control condition (drug treatment/drug
treatment plus memory training) (see Table 4). The
effect estimate of the treatment group compared to the
active control condition is negative which means that
for people with mild cognitive impairment the active
control group showed more training gains in immediate
recall than people with mild cognitive impairment with
the memory training. In this comparison, this indicates
that the drug treatment was more effective than the
memory training.

4. Conclusions

The aims of this study were to give (a) an overview
on the effectiveness of memory training interventions
in healthy old adults and old adults with mild cognitive
impairment as a marker of plasticity, (b) to discuss lim-
itations of existing knowledge regarding the efficacy of
those interventions and (c) make concrete suggestions
for future research on cognitive interventions in order
to improve knowledge on their efficacy.

Regarding the first aim, considering the large time
span covered, surprisingly few studies were identified
that fulfilled the rather flexible inclusion criteria (ran-
domized control trials for which adequate information

was provided, studies have been published in English
or German in a peer-reviewed journal, describing mem-
ory training interventions, studies with cognitive out-
come measures and a pre- and posttreatment measure
of memory performance, participants are older than
60 years and either healthy or mildly cognitively im-
paired).

Results show that most interventions were effective
in terms of performance improvement, with improve-
ments following training for the treatment group. How-
ever, for healthy old adults, the effects were signifi-
cantly better for treatment compared to no contact con-
trol in only three of seven memory domains, namely
paired associate learning and immediate and delayed
recall. There were no significant differences between
treatment and active control groups but in face-name
immediate recall, demonstrating that training effects
were mostly not specific. This might indicate that sim-
ple contact or simple unspecific stimulation in alterna-
tive treatments (such as in the active control conditions)
may be as effective as memory trainings. The same
pattern of results with regard to effects in comparison
to active control conditions was revealed in individuals
with mild cognitive impairment.

With respect to the second aim, limitations of exist-
ing knowledge regarding the efficacy of memory train-
ing interventions may have several reasons. Sever-
al studies did not fulfil inclusion criteria. Most crit-



514 F. Zehnder et al. / Plasticity marked by memory training effects

ical reasons for exclusion were (a) non-availability
of information on details of participants’ recruitment,
exact procedure, and treatment of temporary non-
compliance, and (b) lack of a control condition. Fur-
thermore, adequate allocation concealment (double-
blind) was only guaranteed for one of the included stud-
ies. Future studies should aim to fulfil relevant crite-
ria to be treated as category A-studies. Furthermore,
it appears that studies vary enormously with respect
to potentially influential factors such as overall length
of intervention, number of treatments, group sizes, ex-
act testing procedure, assurance of equal training pro-
cedures, combination of training contents within and
across sessions, training and similarity of trainers, or
pre-existing training experience. In addition, it was not
always obvious how the evaluation instruments were
matched to the content of training (which would be ex-
pected to improve the reported effects). Thus, when
conducting the meta-analyses, we decided to use the
complete available information at the cost of homo-
geneity of the included studies. Also, with regards to
the variability of duration and intensity of the trainings,
we did not divide data in to smaller time periods and did
not conduct separate meta-analyses. Thus, future anal-
yses of larger numbers of studies may provide better
evidence for the effects of confounding factors.

As is typical for meta-analyses on the effectiveness
of interventions, there are several sources of bias in
published training studies. First, there is a bias to-
wards publishing studies or results from test instru-
ments demonstrating significant gains after training.
This may have led to the relatively small set of 24
studies over a 37-year period examining the effects of
memory training using a randomized control design.
Either it is difficult to publish the replication of an ex-
isting finding (publication bias) or the goal of most
training studies is to demonstrate that individuals im-
prove after training and determining the cause for the
improvement is of secondary interest (as demonstrat-
ed by the relatively large number of excluded studies).
As a consequence, published studies are more likely to
report significant improvements after training. Despite
publication bias, there are not many effects.

Second, there might be a bias towards overestimating
effects by using the treatment for multiple comparisons
with no contact controls and one or more active control
conditions. Considering both types of bias and the few
areas in which improvements were observed after com-
bination of data in a meta-analysis, even these improve-
ments might be overestimating the actual chances of
improvement through memory training interventions.

Several implications can be identified with respect
to future research needs. Our analyses provide surpris-
ingly little evidence for the effectiveness of memory
training interventions in terms of significant effects and
no evidence on their specificity. Considering that bias
with regard to included studies might even be expected
to lead to an overestimation of training effects, this ar-
gues against the effectiveness of memory training inter-
ventions. Despite the great interest in cognitive inter-
ventions, relatively few of the published studies use ef-
ficient designs to examine the effectiveness of interven-
tions. Treatments differ widely between studies with
respect to selection of participants, length of training
and number of training sessions as well as materials
used for interventions. Due to heterogeneity of pro-
cedures, dealing with absent training participants and
a variety of training contents, content combinations,
and matching of evaluation instruments to training con-
tents, training effects might in fact be substantially larg-
er and future research may profit from more standard-
ized training protocols and outcome measures to allow
pooling and comparison of studies. Furthermore, many
training approaches include a combination of several
elements, and individuals may respond differently to
different training elements. Thus, training effects on
an individual level may be substantially higher than the
overall group effects. Therefore, future research taking
more care to recruit homogeneous samples in terms of
responding to the training or by collapsing data within
individuals before aggregation on a group level might
provide more appropriate tests of the effectiveness of
cognitive interventions.

There are clearly more studies reporting the effects of
training on rather basic abilities such as free recall than
there are studies addressing more complex behaviours
such as goal-setting, planning, or, in general, executive
functioning. The ability to adjust the use of cogni-
tive skills to perform higher order tasks may be better
captured by focusing on individual learning trajectories
rather than focusing on mean level changes. Further-
more, there are very few studies on the effectiveness of
memory training interventions in individuals with mild
cognitive impairment as defined by any diagnostic clas-
sification. Here, a consistent definition or agreement
on core criteria of MCI may help in gathering evidence
more quickly.
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detailed analyses and updated information on inter-
vention effects will be documented in the Cochrane
Library (http://wwwa3.interscience.wiley.com/cgi-bin/
mrwhome/106568753/HOME).
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