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Abstract
Background: Old-old age (80+ years) is associated with substantial cognitive decline. In this
population, training-induced cognitive plasticity has rarely been studied. While earlier
findings on strategy trainings suggested reduced training gains in old-old age, recent results of
an extensive process-based working memory (WM) training have been more positive.
Objective: Following up on previous research, the present study aimed at examining the
effects of a short WM training in old-old adults and the influence of baseline WM capacity on
training gains.
Methods: A training group (mean age: 86.8 years) and a matched control group (mean age:
87.1 years) participated in the study. The WM training consisted of 10 sessions including five
tasks. To evaluate possible transfer effects, executive functions were assessed with two tests
before and after training. The training group was divided via median split in high- and lowcapacity individuals to determine the influence of baseline WM capacity on training gains.
Results: The training group improved in four of the trained tasks (medium to large effects).
Training gains were significantly larger in the training group than in the control group in only
two of those tasks. However, the training effects were driven by the low-capacity individuals
who improved in all trained tasks. No transfer effects were observed.
Conclusions: These positive effects of a short WM training, particularly for low-capacity
individuals, emphasize the potential for cognitive plasticity in old-old age. The absence of
transfer effects, may also point to its limits.
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Introduction
Aging is associated with functional loss in many cognitive domains, in particular
processing speed, memory, and executive functions [1]. For a long time, the possible
modifiability of this functional decline in old age, in particular through cognitive training
interventions, has received a lot of interest in gerontology and geriatrics. This line of research
has led to mainly positive news; especially for young-old adults (60-80 years). Young-old
adults seem to be able to recruit effective encoding and retrieval strategies to compensate for
some aspects of the cognitive losses arising during late life: a range of training studies suggest
that in young-old adults episodic memory capacity can be enhanced through teaching
mnemonic strategies (e.g., the method of loci [2]). In contrast, although there are far fewer
studies targeting old-old adults (80+ years), this age has been described as an age of
substantial loss in cognitive plasticity. Available reports clearly suggest a decline of old-old
adults’ ability to benefit from strategy-based interventions, with considerably smaller
improvements obtained in those interventions [3].
Over the last few years, a promising conceptual alternative to strategy-based episodic
memory training interventions has emerged which focuses on training working memory
(WM) capacity. WM has been defined as the ability to maintain (store) and manipulate
(process) information within short periods of time and comprises a verbal (phonological), a
visuospatial, and an executive subsystem [4]. WM is a central neurocognitive processing
resource that is involved in most conscious everyday mental activities. It is thought to support
a wide range of complex cognitive activities, including logical reasoning and problem
solving, has been shown to be strongly related to measures of fluid intelligence [5, 6] and is
even involved in emotion regulation and social interactions [4, 6].
Given its importance for cognitive functioning, it is rather surprising that so far
research on WM training is scarce [4-6]. One reason for the scarcity of WM training studies
may be that, until recently, WM capacity had been conceptualized as a stable trait
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representing inter-individual differences [6]. However, the rationale for the new processoriented training studies is that WM performance may be improved through repeated practice
on WM tasks (rather than through teaching strategies) and because WM is involved in a wide
range of cognitive functions, training gains in WM may possibly lead to improvements in
those functions also. Indeed, recent training studies targeting WM processes through repeated
practice have revealed promising results in this regard. They have been able to show
improvements in WM functions for children with ADHD and low WM skills [7, 8] and young
adults [9]. Additionally, some studies have also provided preliminary evidence for transfer
effects to non-trained tasks [7, 9].
Importantly for present purposes, very recently those effects have also been shown for
older adults. Besides its general importance for human cognitive functioning, the possibility
of improving WM capacity in older adults is of particular relevance for gerontology and
geriatrics as cognitive aging research has revealed substantial mean level decreases in WM in
old age (in both verbal and spatial WM tasks) [1, 10]. Particularly in old-old adults, WM
capacity has been shown to decrease substantially [11, 12]. However, until now only a
handful of WM training studies have been conducted with participants of an older age range,
and only one of them has approached the old-old age range. Those studies provided evidence
for some training-induced plasticity in young-old adults (60 to 80 years), for example by
applying an executive control training using a task switching paradigm [13]. Also, after five
weeks of training on an updating task (i.e., recalling the last items out of sequences of
consecutively presented items) young-old adults with a mean age of 68 were comparable in
their performance gains on the trained task to a young control group [14]. Similarly, Li and
colleagues found improved performance in young-old adults with a mean age of 75 after six
weeks of training on a visuospatial n-back task [15]. So far, only one study has investigated
plasticity of WM on the edge to old-old age, with promising results: after a three-month
intervention to train visuospatial WM a group of 80-year-old adults improved their WM
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performance on all trained tasks [16].
Findings on transfer effects in all the mentioned studies, however, were heterogeneous
and suggest that transfer may be restricted. Dahlin and colleagues [14] found transfer after
their updating training only in their young participants. Buschkuehl and colleagues [16] found
a clear transfer effect only for a similar visuospatial WM task, not for a verbal one. Since their
WM training tasks were all visuospatial, their transfer effects seem to be specific to the type
of memory content. Although Li and colleagues [15] demonstrated transfer of their
visuospatial n-back WM training to visuospatial as well as numerical n-back tasks in both
young and old participants, they found no transfer to more complex WM span tasks. Thus,
transfer was restricted to WM tasks that were very similar to training tasks with regard to
involved processes.
Following up on this recent development, the present study set out to examine a range
of open issues that are currently under debate. (i) Because of the small number of WM
training studies in old age, it is not clear yet, whether plasticity in WM is still preserved in
old-old age and whether and to what extent transfer effects may be observed (see e.g. Mayr
[17], who pointed out the importance of this open issue). The current study focused on far
transfer tasks because, although transfer to some similar WM tasks has already been
demonstrated, it is not yet clear whether WM training can transfer to more complex
(executive control) tasks. (ii) Another open question is the issue of optimal training time.
Most former training studies have used extended periods of training over several weeks or
months to achieve effects (e.g., Li et al. [15] trained for six weeks; Buschkuehl et al. [16] over
12 weeks). However, both from a theoretical perspective studying underlying processes and
from an applied perspective in clinical contexts, in which clinicians are often confronted with
time constraints, it is important to explore when those effects emerge and whether shorter
durations of training are powerful enough to induce similar effects. Therefore, the second aim
of the present study was to explore whether and to what extent adults who are well within the
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old-old age range can still profit from a WM training that is set up as a considerably shorter
training regime. (iii) A third research question that the present study aimed to address is
whether differential training effects can be observed depending on the participants’ functional
status before training. In other words: can subgroups of participants be identified who profit
more from training than others? In particular, the role of WM ability level at the beginning of
training was explored. Considering the previous literature two possible predictions can be
derived. On the one hand, it may be that especially in old-old adulthood only those
participants who have maintained a certain cognitive status profit from a WM intervention
that requires a considerable amount of attentional resources [18, 19, 20]. On the other hand,
resting on the disuse hypothesis [21, 22], it may be that participants who start with a low
cognitive status (a possible result of a decline in using cognitive resources) are able to
reactivate some of their potential with the help of training.

Methods
Participants
Participants of the study were old-old adults between the ages of 77 and 96. The
training group consisted of 20 old-old adults and was matched for age, gender, education, and
functional health to a control-group comprising 16 old-old adults (see Table 1 for
demographic characteristics and cognitive functioning of the two groups). Exclusion criteria
were neurological or psychiatric disorders known to cause cognitive dsyfunction, in particular
Mild Cognitive Impairment (MCI) or Alzheimer’s disease (AD). This was screened for with
the Mini Mental Status Test (MMST) German short form for old-old adults by Kliegel et al.
[23] which takes possible age-associated impairments in visual or motor functioning in
extreme old age ranges into account. Maximum sum score on this test is 21, with all
individuals scoring above the levels indicating cognitive decline [24]. The two groups were
comparable in cognitive functioning (MMST) and crystallized intelligence, assessed with a
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German vocabulary test (MWT) [25].
Training tasks
Following the WM training regime by Klingberg et al. [7, 26], the training material
comprised both verbal (Digit span forward and backwards, HAWIE-R, [27]) and visuospatial
WM tasks (Corsi block tapping forward and backwards [28]; K-ABC Icons, Kaufmann
Assessment Battery for Children, [29]). Thus, training included tasks that mostly require
storage of information (Digit span and Corsi block tapping forward; K-ABC Icons) as well as
tasks that additionally require processing components of WM (Digit span and Corsi block
tapping backwards). All tasks were administered in individual face-to-face sessions using
paper-pencil materials instead of a computerized format since the old-old population usually
has no computer experience. Difficulty levels were individually adapted because adaptivity
has been shown to be an essential feature of effective training regimes [7, 26].
In the Digit span task, participants had to repeat numbers that were verbally presented
in sequences of increasing length in either the same order (forward) or, in the second half of
the task, in reversed order (backwards). In the Corsi block tapping task the experimenter
tapped a number of blocks on a board in sequences of increasing length. The participant had
to reproduce the sequences by tapping immediately after the experimenter had finished, either
in the same order (forward) or, in the second half, in reversed order (backwards). In both
tasks, the number of items presented was increased when the participant was successful in
completing a sequence. For motivational purposes, the training block ended if the participant
failed to recall two sequences of the same number of items correctly. The (modified) K-ABCIcons task is an adaptive visuospatial WM task where the participants had to process and
maintain the spatial arrangement of multiple stimuli. An increasing number of pictures of
objects (icons) was presented to the participant, first in a 3x3 grid and than in a 3x4 grid to
adaptively increase WM load. The participant had to memorize the icons and their individual
locations within the presentation time of three seconds and reproduce the icons and their
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positions on an empty grid afterwards. The task ended when the participant unsuccessfully
completed two items with the same number of icons.
Training procedure
Training was administered in daily sessions of 25-30 minutes over two weeks. To
avoid sequence effects, the order of tasks was counterbalanced and varied daily. Parallel
versions of the tasks were used each day. The training group received 10 training sessions
over two weeks, including a weekend break. The compliance rate was high: 96 % of all
training task blocks were fully completed. The control group received no treatment.
Assessment of transfer
Two to three days before and after training, respectively, the training group completed
a pre-training assessment and a post-training assessment including two standard cognitive
tasks to assess far transfer (executive control). Inhibitory control was assessed using a Stroop
interference task (German version of the color-word-Stroop test: FWIT [30]). Nonverbal
complex reasoning ability was assessed with the Raven Colored Progressive Matrices [31].
These tasks were chosen, because they have been shown to be related to WM, the targeted
function in the current training regime [5]. The control group was also assessed twice with
these tasks, with approximately two weeks between the two assessments.
Data analyses
Following the studies on WM training by Klingberg et al. [7, 26] paired t tests were
run for each group to test for significant performance differences between the pre-training and
post-training assessments in all training and transfer tasks in order to compare performance
gains. Effect sizes were calculated as Cohen’s d, that is, the standardized mean difference in
performance between pretest and posttest (pre-posttest difference divided by the pooled
standard deviation). All d values were corrected for small sample bias following Hedges and
Olkin (d’) [32]. Then individual performance gains on each training and transfer task (in
percent) were compared between groups using independent t tests. To further analyze the
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course of performance changes during training in the training group a repeated-measures
ANOVA with all training days was conducted. Wherever necessary, corrections for the lack
of sphericity were applied. To further analyze the longitudinal trends observed in the
ANOVAs, additionally, paired t tests were used to test for differences between performance
in the 1st and 5th training sessions (beginning and end of first training week) and between
performance in the 6th and 10th training sessions (beginning and end of second training week).
To explore differential training effects, for each training task, the training group was divided
via median split on pre-training performance into subgroups of high- and low-capacity
individuals. Paired t tests were used to analyse performance gains in trained tasks from pre to
post-training in the group of participants with low WM capacity and in the group of
participants with high WM capacity separately. To compare the magnitude of training gains
between the low and high WM capacity groups and between the low WM capacity training
group and the control group independent t tests were applied.

Results
Comparing performance in trained tasks
For the training group paired t tests comparing pre-post WM performance revealed
significant performance gains for Digit span forward (t(19) = -2.1, p < .05, d’ = 0.49), for
Digit span backwards (t(19) = -3.0, p < .01, d’ = 0.56), for Corsi block tapping backwards
(t(19) = -3.8, p < .001, d’ = 0.93), and for K-ABC-Icons (t(19) = -4.0, p < .001, d’ = 0.98).
There was a trend towards significance for performance gains in Corsi block tapping forward
(t(19) = -1.8, p < .09, d’ = 0.47). According to Cohen’s convention [33] effects in Corsi block
tapping backwards and K-ABC Icons were large, all others were medium.1 In contrast, there

1

Preliminary data from a subset of participants in the treatment group (n = 9) suggests that training gains
remained relatively stable over a period of two weeks: performance in the Corsi-Block and Digit span tasks
forwards and backwards, respectively, did not differ significantly between posttest and follow-up two weeks
later (all p > .05).
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was only one significant retest effect (K-ABC Icons: t(19) = -3.6, p < .01, d’ = 1.04) for the
control group (all other p’s > .1). Importantly, in comparison to the control group, the training
group had significantly higher pre-post-training gains in percent for Digit span forward (37 %
vs. - 9 %, t(29.0) = 2.7, p < .01), Corsi block tapping forward (37 % vs. 1 %, t(25.3) = 2.2, p <
.04) and there was a trend toward significance for higher pre-post-training gains in Corsi
block tapping test backwards (46 % vs. 18 %, t(34) = 1.7, p < .09; see Figure 1 for descriptive
results).
In a more detailed analysis of the training progress over the ten training sessions,
repeated measures ANOVAs with all ten training sessions were computed. Performance on
four of the trained tasks changed significantly across training sessions: for K-ABC Icons
F(5.4, 75.3) = 5.9, p < .001 (Greenhouse-Geisser corrections for lack of sphericity were
applied), a trend analysis indicated that the linear trend was significant, p < .001, as was the
quadratic term, p < .002; for Digit span forward F(9, 126) = 4.8, p < .001, a trend analysis
indicated that the linear trend was significant, p < .006, as was the cubic term, p < .05; for
Corsi block tapping forward F(9, 99) = 2.0, p < .05, a trend analysis indicated that the linear
trend was significant, p < .01, and there was a trend for the quadratic term, p < .09; for Corsi
block tapping backwards F(9, 81) = 3.8, p < .001, a trend analysis indicated that the linear
trend was significant, p < .001. For Digit span backwards there was a marginally significant
effect for changes in performance across training sessions: F(9, 126) = 1.8, p < .07, a trend
analysis indicated that the linear trend was approaching significance, p < .06, as was the cubic
term, p < .08. To further illustrate these training trends, the two training weeks were
examined separately. Paired t tests comparing the first and last day of each training week
revealed significant performance increases in the first week of training (1st to 5th day) for KABC Icons (t(19) = -5.0, p < .001), and a trend towards significance for Digit span backwards
(t(19) = -1.9, p < .07) and Corsi block tapping forward (t(18) = -1.8, p < .08). In contrast, in
the second week of training (6th to 10th day) performance increased significantly for Corsi
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block tapping backwards (t(17) = -2.7, p < .02) and Digit span backwards (t(17) = -2.1, p <
.05). All other comparisons were not significant. Analyses of effect sizes revealed similar
results: in the first week of training medium to large training effects were obtained for KABC Icons (d’ = 0.79) and Corsi block tapping forward (d’ = 0.44) whereas in the second
week medium to large training effects were found for Corsi block tapping backwards (d’ =
0.75) and Digit span backwards (d’ = 0.40). All other effect sizes were small.
Exploring differential training effects
Next, to determine who profited most, the training group was divided via baseline
median split into approximately equally sized groups of high- and low-capacity individuals
for each of the trained WM tasks.2 In a first step, within each subgroup, pre-and post-training
comparisons revealed significant training gains in all trained tasks for low-capacity
individuals (Digit span forward: t(7) = -3.4, p < .01; Digit span backwards: t(12) = -3.9, p <
.01; Corsi block forward: t(9) = -3.8, p < .01; Corsi block backwards: t(12) = -8.8, p < .001;
and K-ABC Icons: t(9) = -5.6, p < .001, respectively), whereas there were no significant
training gains for high-capacity individuals.3 Figure 2 exemplifies the longitudinal
performance trajectories in the Corsi Block forward task during training for all of the training
group participants, separating low- and high-capacity subgroups. Low-capacity individuals
generally showed increases in performance across the training period, whereas high-capacity
individuals mostly demonstrated either no major changes or decreases in performance. The
trajectories patterns for the low- and high-capacity individuals were similar across all other
training tasks.
In a second step, high-capacity individuals’ training gains were directly compared to

2

Considering the available normative data from the MWT-A, mean verbal cognitive abilities of both low- and
high-capacity individuals fell within the normal to high functioning range of their population.
3
To control for task specific effects, analyses were repeated with an overall WM sum score for each individual
(sum of scores on all WM tasks on training day 1). The pattern of results was supported: participants with a sum
score above the median did not show any significant training gains, whereas for participants with a sum score
below the median significant training gains were found with the exception of the Corsi block tapping task
forward.
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those of low-capacity individuals. Significantly larger training gains for the low-capacity
group were found for all training tasks: Digit span forward (t(8.1) = -3.0, p < .02, d’=1.6),
Digit span backwards (t(14.6) = -2.7, p < .02, d’=0.9), Corsi Block tapping forward (t(18) = 2.8, p < .01, d’=1.2), Corsi Block tapping backwards (t(18) = -3.3, p < .004, d’=1.5), and KABC (t(9.9) = -3.3, p < .008, d’ =1.4).
In a third step, trainings gains were compared between the low-capacity training group
and the control group. Confirming the previous pattern, trainings gains were significantly
larger in the low-capacity training group than in the control group for Digit span forward
(t(8.3) = 3.4, p < .008, d’ = 1.8), Digit span backwards (t(27) = 2.1, p < .05, d’ = 0.8), Corsi
Block tapping forward (t(10.3) = 3.0, p < .01, d’ = 1.4), Corsi Block tapping backwards (t(27)
= 3.2, p < .004, d’ = 1.1), and K-ABC (t(9.9) = -3.3, p < .008, d’=1.0); see Figure 3 and Table
2 for further details).
The relationship between baseline WM capacity and training gains was further
supported by the following findings. Correlational analyses revealed significant large negative
correlations between baseline WM capacity and training gains for all trainings tasks (Digit
span forward: r = -.66, p < .002; Digit span backwards: r = -.59, p < .006; Corsi Block tapping
forward: r = -.65, p < .002; Corsi Block tapping backwards: r = -.89, p < .001;K-ABC :r = .80, p < .001.).4
Exploring transfer effects to non-trained executive functions tasks
Paired t tests comparing pre- and post-training performance in non-trained executive
functions tasks revealed that there was a trend for improvement in Stroop interference scores
in the training group (t(17) = 2.0, p < .06, d’ = 0.3), whereas for the control group no
significant differences were found (t(15) = 1.0, p < .3, d’ = 0.2). For Raven sum scores, the
control group improved significantly from pre- to post-assessment (t(15) = -2.8, p < .01, d’ =
4

We thank an anonymous reviewer for suggesting this additional analysis.
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0.4), whereas the difference between pre- and post scores was not significant for the training
group (t(19) = -1.5, p < .15, d’ = 0.2). Importantly, independent t tests revealed no significant
differences between groups in percent gains in either Stroop interference scores (training
group: M = -9.6%, SD = 30.9, control group: M = -2.7%, SD = 30.6; t(32) = -0.65, p > .1) or
Raven scores (training group: M = 5.2%, SD = 11.5, control group: M = 11.5%, SD = 16.9;
t(34) = -1.32, p > .1).

Discussion
The present research is the first study on WM plasticity in older adults that are well
within the old-old age range. Results provide initial evidence that (i) training gains in WM
capacity are possible even in old-old age and (ii) when applying ten training sessions only.
More detailed analyses of the training progress indicated changes in performance over the ten
training sessions in almost all tasks that mostly reflected linear ascending trends, with some
accelerated components. Moreover, the study is the first to demonstrate that WM plasticity in
old-old age is preserved in both WM modalities as verbal and visuospatial training effects
were revealed. (iii) With respect to our third research question, results showed that within the
training group, individuals with low WM capacity were driving the training effects. While
those findings demonstrate potential for behavioural plasticity in old-old age, the present
study also suggests some limits. Specifically, gains in trained tasks were higher in the training
group than in a passive control group for only some of the tasks. This may have been caused
by smaller training gains of participants with high WM capacity (see below for the issue of
differential subgroup effects). Furthermore, there was no clear indication of transfer effects of
the WM training to non-trained executive functions tests.
Overall, the present results replicate and extend the previous literature in several ways.
First, training gains of the current study were comparable in size to those observed by
Buschkuehl and colleagues [16] in a sample on the edge to old-old age (mean age 80 years).
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Gains on the three WM tasks used by Buschkuehl and colleagues were 44%, 62%, and 15%,
respectively, while in the present study the training gains ranged from 37% to 72%. Second,
when looking at the low WM capacity individuals who were mainly driving the training
effects, training gains in the present study were even larger, ranging from 58 to 133%. Thus,
the WM training adopted in this study, in spite of its overall much shorter duration (10
sessions) as compared to the training regime by Buschkuehl et al. (23 sessions with WM tasks
trained consecutively), seems to be very effective in improving WM performance in old-old
adults with low WM capacity. In fact, in comparison to the control group, significant training
effects in all tasks were found for this subgroup. However, since no significant training effects
were found for the high-capacity individuals, the present training regime does not seem to be
suitable for high functioning old-old adults.
Third, differential training effects were observed with respect to process requirements
of the trained tasks. First of all, significant group differences in training gains (indicating
substantial training effects) were only found for some tasks: Digit span forward and Corsi
block tapping forward. Since these two tasks mostly require storage of information this may
suggest that training regime applied may have been more effective for improving storage
rather than processing components of WM. Moreover, as indicated by the follow up analyses
to the longitudinal trends observed in the repeated measures ANOVAs, in the first training
week, training gains were also mainly larger for tasks focusing on storage of information
(Corsi block tapping forward, K-ABC Icons) than for tasks also involving processing
components (Corsi block tapping backwards, Digit span backwards). These findings indicate
that more training time may have been necessary to improve processing components of WM
in old-old adults, possibly because the processing components of WM are more affected in
old age than the storage components [11]. Alternatively, it is possible that the processing
component of WM may have been not modifiable in old-old age at all. Future research will
have to address this issue in further detail.
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As indicated above, differential patterns also emerged with respect to individual
differences in ability levels at the beginning of training. Conceptually, the finding of large
training gains in the low-capacity individuals and virtually none in the high-capacity
individuals appears to be consistent with the disuse hypothesis [21, 22]. The disuse hypothesis
assumes that cognitive decline in old age may be due to suboptimal use of cognitive
resources. Frequent use of cognitive resources is thought to help maintain high performance
levels, whereas lack of practice is thought to lead to low performance levels. In the current
study the individuals with low baseline WM-capacity may have lacked frequent practice of
WM tasks. When challenged in an adaptive training regime they seemed to be able to
reactivate some of their potential. Participants with high baseline WM capacity may have
maintained their ability through frequent use of WM processes and therefore might not have
profited as much from the applied WM training that focused on practise of these processes.
However, current findings are in contrast to previous data showing greater training gains for
individuals with higher baseline capacity [18, 19, 20]. These divergent findings could be
explained by different methods to define high and low capacity. Previous studies often
defined capacity not by the ability the training focused on, but by general measures of
cognitive status such as the MMST or intelligence tests [18, 19, 20]. In contrast, in the present
study capacity was defined by baseline performance in the trained tasks, thus using a more
direct approach to examine the influence of capacity on training gains. In addition, in some of
the previous studies, low-capacity individuals were considered as being at risk for
development of dementia [19, 20], thus limiting their ability to profit from training, whereas
in the present study only participants were included who passed a screening test for
preclinical and clinical dementia. Furthermore, the training regimes applied in the previous
studies focused on teaching and practising rather complex mnemonic strategies [19, 20] or
depended on the partcipants’ ability to self-initiate the use of encoding strategies [18], thus
drawing on a great amount of cognitive resources for successful implementation of the
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respective training mechanisms. In contrast, the focus of the WM training applied in the
current study was adaptive practice of storing and processing of information. Moreover, the
WM training in this study may have been particularly tailored for low-capacity individuals by
using paper-pencil training tasks with more liberal reaction time limits as compared to
computerized trainings previously used, thus enhancing motivation and engagement with the
training tasks. This view is supported by the high compliance to the training.
Despite improvements in the trained tasks, the current study did not provide evidence
for (far) transfer to executive control tests. At first sight, this is not in line with previous
findings of transfer effects after WM training in old age [14-16]. However, the previously
reported transfer effects were restricted with regard to cognitive domain, type of stored
information, and involved processes: they were only found in tasks rather similar in these
criteria to the trained ones, thus only demonstrating near instead of far transfer. The executive
control tests used in the present study to evaluate transfer may have differed too much in these
regards from the training tasks to find any transfer. Processes that are thought to be shared
between executive functions and WM tasks are those that guide processing of stored
information in WM (i.e., the central executive component of WM) [4]. Since in the present
study, training gains were mainly observed in tasks focusing on the storage of information
and were just starting to evolve for training tasks also requiring processing of the stored
information in the second training week, a longer training period may have been needed to
observe transfer to executive functions tests. As Dahlin and colleagues – who also did not find
transfer to executive functions tests in young and young-old adults with an even longer
training (15 sessions) – pointed out a high level of skill may be required for the occurrence of
such far transfer. Consequently, old-old adults who have clear WM deficits in comparison to
younger adults may need particularly long training regimes to transfer the practiced skill to
other tasks.
Limitations of the present study include the small sample size that made it difficult to
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demonstrate statistical significance for smaller effects, possibly leading to non-detection of
transfer effects. However, power was sufficient to detect training effects. Dividing the training
group via median split into high- and low-capacity individuals led to even smaller groups,
therefore the findings of these analyses should be considered to be exploratory.
Acknowledging the exploratory nature of the findings, only the general pattern of results was
interpreted, not single non-significant results. Follow-up studies on the subject should include
a greater number of participants to thoroughly test the current exploratory findings despite the
challenges in recruiting old-old adults for time-consuming training studies (also note that
Dahlin et al. [14] and Buschkuehl et al. [16] had sample sizes similar or even smaller than the
present study). Furthermore, to control for the effects of social interactions on training gains
which we cannot completely rule out in our study, the engagement of a control group in a
placebo training regime would be desirable (again note that Dahlin et al. [14] also used a nocontact control group). Follow-up studies should also include a wider range of tests to
evaluate near and far transfer effects to allow for a more fine-grained analysis of the potential
and limits of transfer induced by WM training in old-old age and the potential influence of
cognitive domain, type of memory content, or involved processes. In addition, the
experimental evaluation of different training lengths may be useful for determining the most
efficient training duration.
In summary, the findings of the present study demonstrate there is potential for
cognitive plasticity in old-old age in low-capacity individuals, induced by a short WM
training particularly tailored for this population. Findings support the notion that, regardless
of age, practice on highly demanding tasks can improve performance. However, the present
findings also point to possible limits of cognitive plasticity in old-old age: transfer of training
gains may be only attainable with very long training regimes and only to very similar tasks.
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Table 1
Participant characteristics of the training group (n = 20) and the control group (n = 16)
Training group

Control group

M (SD)

M (SD)

Gender

14 women

11 women

Age

86.8 (4.9)

87.1 (3.7)

Education in years

11.7 (3.3)

10.1 (1.9)

Cognitive functioning (MMSTa)

19.4 (1.4)

19.3 (1.5)

Crystallized Intelligence (MWTb)

31.1 (3.3)

29.4 (3.0)

a

MMST = Mini Mental Status Test short form for old-old adults by Kliegel et al. (2001) with

a maximum score of 21.
b

MWT = Mehrfachwahl-Wortschatz-Intelligenztest version A by Lehrl et al (1992).
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Table 2
Percent gains in trained tasks in individuals of the training group with low vs. high working
memory capacity and individuals of the control group.

Training Group
Low WM capacity

Control group

High WM capacity

Low vs.

Low WM

high WM

capacity vs.

capacity
M (SD) in % [n]

Digit span

M (SD) in % [n]

M (SD) in % [n]

a

a

control

p

d'

p

d’

87.5 (76.0) [8]

3.1 (26.5) [12]

-9.0 (32.7) [16]

.02

1.6

.008

1.8

58.3 (69.2) [13]

3.5 (17.6) [7]

16.6 (36.9) [16]

.02

0.9

.05

0.8

73.3 (73.4) [10]

0.7 (35.4) [10]

1.4 (25.3) [16]

.02

1.2

.01

1.4

70.5 (53.8) [13]

0.7 (22.3) [7]

18.4 (35.0) [16]

.004

1.5

.004

1.1

11.8 (25.6) [10]

48.8 (54.6) [16]

.008

1.4

.05

1.0

forward
Digit span
backwards

Corsi
forward
Corsi
backwards

K-ABC Icons

a

133.3 (114.4) [10]

Percent gains in each task were compared between groups using independent t tests.
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Figure 1
Comparisons between the training group (n = 20) and control group (n = 16) for mean
training gains in percent for each training task separately. Error bars indicate standard
errors. Significant differences between groups are indicated: * p < .05, ** p < .01, + p < .10.

Pre-Posttest-Gains (in %)

125
100
75

Training
group

+

*

*

50

Control
group

25
0
-25

Dig

it

n fo
s pa

rwa

rd

Dig

it sp

ac
an b

kw a

rds
s
Co r

orw
ck f
o
l
b
i

ar d

lo
si b
C or

ac
ck b

rds
kwa

B
K-A

C Ic

ons

Working memory training in very old age

26

Figure 2
Performance trajectories in Corsi Block tapping forward across training (training days 1, 5
and 10) of training group individuals with low vs. high baseline WM capacity.
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Figure 3
Comparisons between high- and. low-capacity training group individuals for mean training
gains in percent for each training task separately.Error bars indicate standard errors.
Significant differences of training gains between high- and low-capacity group are indicated:
* p < .05, ** p <.01.
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