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Abstract The possible cognitive benefits of workingmemory
training programs have been the subject of intense interest and
controversy. Recently two meta-analyses have claimed that
working memory training can be effective in enhancing cog-
nitive skills in adulthood (Au et al. Behavioural Brain
Research 228:(1) 107-115, 2014) and stemming cognitive
decline in old age (Karbach & Verhaeghen Psychological
Science 25:2027–2037, 2014). The current article critically
evaluates these claims. We argue that these meta-analyses
produce misleading results because of (1) biases in the studies
included, (2) a failure to take account of baseline differences
when calculating effect sizes, and (3) a failure to emphasize
the difference between studies with treated versus untreated
control groups. We present new meta-analyses and conclude
that there is no convincing evidence that working memory
training produces general cognitive benefits.
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Introduction

The possible cognitive benefits of working memory training
have been the subject of extensive recent research and a

considerable amount of controversy (see Shipstead, Redick
& Engle, 2012). Working memory training programmes typ-
ically involve short periods of fairly intensive training on com-
puterized tasks designed to tax working memory capacity.
Theoretically, such training has been related to the idea that
the capacity of working memory may place constraints on a
wide range of cognitive functions including reasoning ability.
This carries the implication that if working memory capacity
can be increased by training it will produce a wide range of
cognitive benefits. Most provocatively, it has been claimed
that such training can produce widespread cognitive benefits
including increases in scores on standardized tests of intelli-
gence such as Raven’s matrices (e.g., Klingberg, 2010).
However, effects from studies of working memory training
have been highly variable, and it has been suggested that
meta-analysis can play an important role in clarifying our
understanding of its effects (Melby-Lervåg & Hulme, 2013).
In our earlier meta-analysis (Melby-Lervåg & Hulme, 2013)
we concluded that working memory training produced effects
on tasks that were trained directly but did not produce the sorts
of Bfar transfer^ effects tomeasures such non-verbal reasoning
that some had claimed.

Two recent meta-analyses, however, claim that Working
Memory training can be effective in enhancing cognitive skills
in adulthood (Au et al., 2014) and stemming cognitive decline
in old age (Karbach & Verhaeghen, 2014). Au et al. (2014),
who focused on the effects of n-back training, state: BWe con-
clude that short-term cognitive training on the order of weeks
can result in beneficial effects in important cognitive functions
as measured by laboratory tests^ (p 1) and BSince Gf is a
fundamental cognitive skill that underlies a wide range of life
functions, even small improvements can have profound soci-
etal ramifications^ (p 10). More strongly, in the latest such
meta-analysis, Karbach and Verhaeghen (2014) conclude that
Bexecutive functions training and working memory training in
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old age is highly effective^ and Bcan be useful tools for inter-
vention in … old age^ (p 2035). Unfortunately, we believe
such conclusions are unwarranted. In this commentary wewill
outline the claims put forward in these two recent meta-
analyses and discuss why we believe their claims are unjusti-
fied. We highlight three main problems in these meta-analy-
ses: (1) the basis for inclusion of studies, (2) the methods for
calculation of a mean effect size, (3) the importance of making
a clear distinction between treated and untreated control
groups. Based on these concerns we present a reanalysis of
the studies dealt with in these two meta-analyses. In our re-
analyses we focus purely on the effects of Working Memory
training on nonverbal reasoning as assessed by a variety of
widely used measures of IQ with good psychometric proper-
ties. Our re-analyses indicate that working memory training
does not produce reliable improvements on such measures.

The inclusion of studies

The first issue concerns the selection and coding of studies.
Neither of the meta-analyses cited above provide information
about individual study characteristics and what measures and
effect sizes have been coded. In the Au et al. meta-analysis,
there is no information about when the search started or ended,
and 7 out of the 19 publications included in the meta-analysis
are not listed in the reference list. The Karbach andVerhaeghen
meta-analysis does not include a flow chart of studies through
the review (so that the number of articles identified and ab-
stracts reviewed and studies excluded is not clear). These is-
sues make the meta-analyses less than transparent. Because a
meta-analysis can potentially have large impact on a field,
transparency and the ability to reproduce findings are impor-
tant. The PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) statement (Moher et al. 2009,
http://www.prisma-statement.org) is a consensus statement
developed by an international group of researchers in health
care for the conduct and reporting of systematic reviews and
meta-analyses. This consensus statement strongly
recommends the inclusion of detailed information about
search and the characteristics of studies and outcomes coded
so that the results from a meta-analysis can be reproduced.

For the meta-analysis by Au et al. (2014), their inclusion
criteria were (1) studies that trained the participants on some
form of adaptive n-back task, (2) included a control group, (3)
used some form of fluid intelligence (Gf) outcome measure,
(4) had participants between 18 and 50 years, (5) used a train-
ing program where n-back training could be isolated, and (6)
training duration was more than a week. Their search for stud-
ies that matched these criteria was restricted to Google Scholar
and PubMed (see p 3). However, Psych INFO and PubMed do
not overlap completely, so that Psych Info can produce addi-
tional hits. Databases in education such as ERIC might also
have added additional studies. By undertaking a more

comprehensive search in Psych Info and ERIC we detected
several studies that are not included in the meta-analysis by
Au et al., or listed as excluded studies in the flow chart, but
that seemingly match the criteria for the review. For example:
(1) Anguera et al. (2012) trained college students for 4–5 days
a week with n-back training and measured effects on a card
rotation Gf test. (2) Nussbaumer et al. (2013) trained healthy
undergraduate students for 7.5 h and measured effects on
Raven. (3) Colom, Quiroga et al. (2010) trained healthy un-
dergraduates for 18 sessions. With a total sample of only 19
publications, the missing data these studies represent could
affect the overall results.

The inclusion criteria relating to the design and the type of
control conditions that were accepted for studies in the
Karbach and Verhaeghen meta-analysis are not clear.
However, from the reference list it is apparent that they in-
cluded studies with no control group (e.g., Dotson, Sozda,
et al. 2012; Dulaney & Rogers, 1994). The main part of their
first analysis and the figures related to this were based on gain
scores from pretest to posttest, either from studies without a
control group or by not taking into account control group data.
This is potentially misleading, since without control group
data, pretest–posttest improvements do not provide any con-
vincing evidence for the effectiveness of an intervention.
Showing that an intervention is effective depends upon show-
ing that participants in an intervention group make more prog-
ress between pretest and posttest than participants in a control
group (see Shadish, Cook & Campbell, 2002). Thus, the first
analysis of Karbach and Verhaeghen, which focuses purely on
pretest-posttest gains without reference to changes in control
participants, is highly misleading and can provide no evidence
for the effectiveness of working memory training. Also, the
electronic search by Karbach and Verhaeghen is restricted to
the databases PsycInfo and PsycArticles. This is a limited
search, and not searching databases such as Medline and
ERIC may have led to studies being missed. We undertook a
more comprehensive search also in ERIC, Medline and
Google Scholar. This revealed two new studies (Bürki,
Ludwig, et al., 2014; Xin, Lai et al., 2014) which were pub-
lished after the Karbach and Verhaeghen meta-analysis was
completed. Both of these studies examine working memory
training in adults with a mean age over 60 using a control
group. These studies appear to fulfill the inclusion criteria
outlined in their paper and in our re-analysis below we report
analyses both with, and without, these two new studies added.

Calculation of a mean effect size

The second, and arguably most serious, problem with both the
Au et al. (2014) and Karbach and Verhaeghen (2014) meta-
analyses is the manner in which effect sizes have been calcu-
lated. Neither paper adjusts for pretest differences on a by-
study level when calculating a mean effect size. Instead, they
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note that for the sample of studies as a whole there are no
differences between the training and control groups at base-
line. Failing to account for baseline differences can potentially
give very misleading results. In the field of cognitive training,
many studies fail to use random assignment of participants to
conditions and have small sample sizes. This can result in
large pretest differences between groups that have to be taken
into account when calculating the effect size from an interven-
tion. Even if there are no differences between the training and
control groups at base line for the full sample of studies, many
of the analyses done in these two papers are on subsets of
studies. For example, in the Karbach and Verhaeghen meta-
analysis, the analyses of studies concerning working memory
training are based on a sample of between 5 and 12 studies. In
such a small sample of studies, not correcting for baseline
differences can have serious consequences for the results,
even if there are no baseline differences for the full sample
of studies.

To be more specific about examples of such bias, in the
Karbach and Verhaeghen meta-analysis (their second analy-
sis), they calculated effect sizes based merely on the standard-
ized mean difference at posttest between groups (see p 2029).
In one of the papers included in the meta-analysis (von
Bastian, Langer et al. 2013), the effect size based on posttest
differences only is +0.10 standard deviation units on Raven’s
matrices in favor of the trained group compared to an active
control group. However, when baseline differences are taken
into account, the effect size is actually –0.4 standard deviation
units (the active control group actually make more gains on
the Raven’s matrices than the treatment group). Similarly, in
the study of Salminen et al. (2012), which is included in the
Au et al. meta-analysis, the treated group start off with higher
scores than the control group and remain ahead of the control
group at posttest. This results in a positive effect size for this
study in the Au et al. meta-analysis. However, only the control
group show improvements between pretest and posttest, while
the treated group did not, which means that this study actually
should yield a negative effect size (g = 0.69 , see Table s1).
These examples demonstrate that ignoring baseline differ-
ences can lead to seriously erroneous conclusions.

Distinction between treated and untreated controls

A third critical issue is that when evaluating cognitive training
it is essential to make a clear distinction between studies using
treated versus untreated controls. The better studies in this area
use a treated control group who receive a task of similar con-
tent and identical duration to the treatment group (for exam-
ple, adaptive working memory training versus non-adaptive
practice on the same task, see Harrison, Shipstead et al. 2013).
Such a design controls for numerous non-specific effects that
may lead to improvements at posttest (for example, increased
motivation, belief that you have benefitted from training,

familiarity with a computer that may be used to present the
posttest measures).

We would argue that only studies with an appropriate treat-
ed control group can provide convincing support for a specific
effect of cognitive training (just as in drug trials which typi-
cally use an inactive placebo pill to compare with the effects of
an Bactive^ pill containing a new drug). Studies have shown
that participants randomized to a no-treatment control condi-
tion tend to improve less than those who receive a control
condition of study defined treatment, or control treatment out-
side the study (Mohr, Spring et al. 2009). It follows that stud-
ies using untreated controls are likely to over-estimate the true
effects of working memory training (or indeed any other form
of training).

In line with this argument, in the meta-analysis by Au et al.
(2014) there is a difference between studies with treated and
untreated controls (see Table 1, p 5). The difference is not
significant, but there are only 12 studies in each category. In
fact, the effect size for studies using a treated control group is
close to zero (g = 0.08) but moderate in size for the untreated
controls (g = 0.28). In the Au et al. paper this finding is
interpreted as follows: BIn the analysis of control groups, how-
ever, the present direction of effects actually suggests that
passive control groups could end up outperforming active
control groups (passive vs. active: g = 0.28 vs. g = 0.08;
Table 1), which runs opposite to the direction suggested by
the idea that Hawthorne or expectancy effects drive improve-
ments in both active control and treatment groups^ (p 9).
These statements by Au et al., however, appear to be based
on a misunderstanding. The pattern they report (a larger effect
of working memory training in studies with untreated controls
compared to studies with treated controls) is exactly what is
expected if expectancy effects are operating to facilitate
performance.

In the Karbach and Verhaeghen study it is also clear that the
effects of working memory and executive function training on
far transfer measures are not significant when trained groups
are compared to treated controls (p = .056). Thus, these find-
ings underline the importance of separating studies with treat-
ed controls from those with only untreated controls.

Reanalyses of data

Au et al. (2014). We decided to repeat the meta-analysis
by Au et al. after correcting for the short-comings
discussed above. In the first analysis we did a replica-
tion of the analysis with the same studies that were
included in the original dataset; however, we were un-
able to retrieve three studies included by Au et al in the
meta-analysis. After contact with the authors, informa-
tion for one of these studies was provided. The two re-
maining missing studies were coded with the overall effect
size and standard errors reported by Au et al. (for Katz et al.

326 Psychon Bull Rev (2016) 23:324–330



(submitted for publication) g = 0.054 ; Jaeggi et al.
(2010) g = –0.019), and thus are included in our calculation
of a mean effect size. In the second analysis, we added studies
that were not detected by their search, but that met their inclu-
sion criteria, and are published in the same period as studies
that are included in their meta-analysis. This led to the addi-
tion of studies by Anguera et al. 2012, Colom et al. 2010 and
Nussbaumer et al. 2013. In addition, we added a study by
Bürki et al. (2014) that was published after Au et al. published
their meta-analysis. Outcomes were coded from each study in
line with the supplemental online information provided by Au
et al. (2014), with a list of fluid intelligence outcomes used
(Table S2). Notably, Au et al. coded reading comprehension as
a measure of fluid intelligence. This measure is questionable
as a measure of fluid intelligence, and several latent variable
studies show that reading comprehension loads on a different
factor than other tests commonly used to measure fluid intel-
ligence, such as Raven or Cattell (see Francis, Snow et al.
2006). We therefore excluded measures of reading compre-
hension. For a full list of included studies and their character-
istics and measures coded from each study in this reanalysis,
see Table S1 Appendix 1. Furthermore, in our analysis we
separated studies with treated controls from studies with only
untreated controls, and computed effect sizes for training ef-
fects after correcting for possible differences between groups
at pretest.

We did a meta-analysis on these studies to examine far
transfer effects to measures of non-verbal reasoning for all
studies (studies with either untreated or treated controls).
Our first analysis was restricted to the studies that were orig-
inally included by Au et al. This analysis shows the following
pattern: overall we find a small but significant pooled effect
size of g = 0.13 95 % CI [0.03, 0.20], P = 0.01, k = 39. For
treated controls, we found a non-significant effect size
g = 0.09 95 % CI [–0.07, 0.25] , p = 0.26, k = 16; and for
untreated controls there was a larger and significant effect size,
g = 0.21 95 % CI [0.05, 0.36], p = 0.01, k = 21. Notably, even
though this analysis is based on the same studies as reported
by Au et al, we coded 39 different independent comparisons
of n-back training versus control training from these studies
(see Table s1 for what we have coded from each study), while
Au et al. report only 24. Because of the lack of transparency in
the Au et al. paper the reasons for this discrepancy are unclear.

Furthermore, if we extend our analysis to include the stud-
ies that were not included by Au et al. we get the same pattern:
for all studies, a small but significant pooled effect size of
g = 0.10 95 % CI [0.1, 0.19], p = 0.02, k = 45, for
treated controls, g = 0.06 95%CI [–0.06, 0.18] , p = 0.30, k =
20, and for untreated controls g = 0.19 95 % CI [0.04, 0.35],
p = 0.02, k = 22. Thus our reanalysis (whether based either on
exactly the same papers as Au et al., or after adding new
studies) corresponds fairly closely to the results they reported
for treated controls. For all studies (treated and untreated

controls) we found an overall effect size of g = .13 (their
studies) or g = .10 (after adding some new studies), while
the overall effect found by Au et al. was g = 0.24. Most
critically, when we focus on studies with treated controls nei-
ther of the effect sizes g = .09 and .06 for studies with treated
control groups is significant.

Notably, in spite of a seemingly large variation in effect
sizes (ranging from –0.69 to 0.88) statistically the overall het-
erogeneity was not significant, Q(44) = 37.52, P = 0.74, I = 0.
This corresponds to what Au et al. found, and is perhaps not
surprising since all these studies examine the same type of
training on a similar population (healthy adults). However,
in spite of this, we believe that the difference found between
treated and untreated controls here, although tentative, is im-
portant, since the effect size for studies with a treated control
group is only one-third of the size found with untreated
controls.

Karbach and Verhaeghen (2014)

We decided to assess the effects of working memory training
on arguably the most important measure of far transfer (non-
verbal ability) in elderly participants. Our re-analyses correct
for the short-comings identified above (only using studies
with a control group, separating studies with treated controls
from studies with only untreated controls, and computing ef-
fect sizes for training effects after correcting for possible dif-
ferences between groups at pretest). Karbach and Verhaeghen
(their Fig.1c) merged together different tasks such as task
switching and nonverbal reasoning in their analysis of far
transfer effects (see p 3). Here we focus purely on effects of
Working Memory training on nonverbal reasoning because
measures of nonverbal reasoning and task switching appear
to tap different constructs. Latent variable studies show that
task switching and nonverbal reasoning typically load on dif-
ferent factors, and are not highly correlated (see Friedman,
Miyake et al. 2006). Also, although they are related,
Salthouse (1998) found that most of the relationship between
a task switching construct and higher order cognition was
shared with other variables. We conclude that the empirical
support for merging task switching and nonverbal reasoning
into one far transfer construct is weak.We therefore focus here
on nonverbal reasoning as assessed by a variety of widely
used measures of IQ with good psychometric properties (typ-
ically Raven’s Matrices, the Cattell Culture Fair Intelligence
Test, or performance subtests from the Wechsler Abbreviated
Scale of Intelligence; see Table S2, Appendix 1 for details).

Although it is unclear precisely which studies were includ-
ed in Karbach and Verhaeghen’s meta-analysis of working
memory training, from their supplemental online reference list
we have identified 17 studies of working memory training that
appear to have been included. Of these studies, two had no
control group (Dotson, Sozda, et al. 2012; Dulaney & Rogers,
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1994), one study (Brehmer, Westerberg, et al. 2012) is based
on the same sample as Brehmer et al. 2011, and two studies
include only memory-related measures with no measures of
far transfer (Buschkuehl, Jaeggi et al. 2008 and Shing,
Schmiedek, et al. 2012). We will not consider those studies
further here. The remaining studies do have control groups
and do include measures of far transfer (11 studies with 12
independent experiments concerning older adults; 4 studies
with a treated, and 8 with an untreated, control group). In
addition to these studies, we include tudies that met the inclu-
sion criteria used byKarbach andVerhaeghen that we detected
in a more comprehensive and updated search (Bürki, Ludwig,
et al. 2014, Xin, Lai et al. 2014). See Table S2, Appendix 1 for
a full list of the studies and the effect sizes coded from each
study.

We conducted ameta-analysis to examine far transfer effects
to measures of non-verbal reasoning. In our analyses we
corrected for pretest differences between the groups. Overall,
for studies that were included in the Karbach and Verhaeghen
analysis, we find a significant mean effect size g = 0.21 [0.01,
0.42], p = 0.04, k = 12. There is also significant heterogeneity
between these studies, Q(18) = 33.30, p = 0.02, I2 = 45.95,
Tau2 = 0.061. A closer look at these studies shows that one
study is an outlier. Borella, Caretti et al. 2010 found an im-
provement of 1.14 standard deviation units in the training
group relative to their treated control group after only three
sessions of training. Since there are few studies, this outlier
has a large influence on the overall effect size. After this is
excluded, the overall effect size is small and close to zero,
g = 0.05, 95 %CI [–0.13, 0.23], p = 0.58, k = 11. For the subset
of studies with untreated controls we find a significant mean
difference of g = 0.24 95 % CI [0.02, 0.45], p = 0.03, k = 8
(when excluding the outlying study g = 0.19 95 % CI [–0.04,
0.41], p = 0.10, k = 7). However, for studies with treated con-
trols the difference between groups is close to zero and nonsig-
nificant, g = –0.02 95%CI [–0.71, 0.68], p = 0.96, k = 4.When
adding the two more recent studies revealed by our search, the
pattern remains unchanged: overall there was a small effect size
g = 0.13 [–0.03, 0.28], p = 0.04, k = 17 (with the outlier in-
cluded), for untreated controls g = 0.15 [–0.02, 0.31], p = 0.09,
k = 11 and treated controls g = 0.02 [–0.39, 0.43], p = 0.92, k =
6. Thus, based on studies with treated controls, there is abso-
lutely no sign of a beneficial effect of workingmemory training
on measures of nonverbal reasoning in elderly participants.

Conclusion

Our focus in the current paper has been on two recent meta-
analyses (Au et al., 2014; Karbach & Verhaeghen 2014) that
have examined the effects of working memory training.
Perhaps the most provocative suggestion from these two pa-
pers (and others in the Working Memory training literature) is

that such training can produce widespread cognitive benefits,
including increases in scores on standardized tests of intelli-
gence such as Raven’s matrices. In our re-analyses of the data
presented in these papers we focused purely on the effects of
WorkingMemory training on nonverbal reasoning as assessed
by a variety of widely used measures of IQ with good psycho-
metric properties. The conclusion from our re-analyses is
stark: there is no evidence that working memory training in-
creases performance on these measures of IQ. For the studies
included in the Au et al. meta-analysis, the overall effect size
for working memory training (compared to either untreated or
treated control groups) is g = .13; the corresponding figure for
studies in the Karbach and Verhagen meta-analysis is g = .21
(though it must be emphasized that this estimate reflects a
large effect from one study which is an outlier—when this is
removed the overall effect of working memory training for
studies in their analysis is g = .05). The magnitude of effect
size that is meaningful for psychological or educational prac-
tice is debatable, but at least two organizations set this bar at
0.25 standard deviation units for studies using a rigorous de-
sign [Promising Practices Network (PPN) 2007; What Works
Clearinghouse, 2007, See Cooper, 2008). A rigorous design in
this case refers to randomized controlled trials or quasi-
experimental designs using a convincing comparison group,
and a sample size that exceeds 30. Thus, even if we overlook
issues related to type of control group, the overall mean effect
size here is clearly small and according to some guidelines
would be seen as unlikely to be practical significance.

However, one of the main conclusions from our analyses is
that studies using an untreated control group appear to sub-
stantially over-estimate the Btrue^ effects of working memory
training (or indeed any other type of training). As we have
shown, for both of the meta-analyses evaluated here (Au et al.,
2014; Karbach & Verhaeghen, 2014), for measures of nonver-
bal reasoning (IQ), there is a large difference in results from
studies that use treated (active) rather than untreated (passive)
controls. Most strikingly, the effect sizes for measures of far
transfer are close to zero in studies that have employed treated
control groups. We believe that it is essential for future studies
of working memory training to use suitable treated control
groups, and that studies with merely an untreated control
group (that confound specific effects of working memory
training with effects that may be due to expectancy and other
non-specific effects) should no longer be published.

Finally, we should note that, many of the studies included
in the two meta-analyses we have considered (and which have
been reanalysed by us here) contain small sample sizes that
result in very low power. Bogg and Lasecki (2015) have re-
cently drawn attention to the problem that low power causes
for the meta-analysis reported by Au et al. (2014). The prob-
lem is that studies with low power are likely to be biased
because only those with large or very large effect sizes will
generate statistically significant results and so get published
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(the so-called Bfile-drawer problem^ that studies with non-
significant effects remain unpublished). This is termed by
Bogg and Lasecki a Bwinners curse^ because such very large
effects are unlikely to be true. These issues were also highlight-
ed earlier by Kraemer, Gardner, Brooks and Yesavage (1998)
who argued forcefully that, when conducting meta-analyses,
authors should exclude studies that are underpowered as this
will go a long way to removing the problem of misleading
conclusions arising from the file drawer problem. Another
strong recommendation that follows from these observations
is that journals should stop publishing studies on working
memory training that do not have adequate statistical power.

In conclusion, we have argued that the meta-analyses of Au
et al. and Karbach and Verhaeghen do not provide any con-
vincing support for their conclusions that Bour work demon-
strates the efficacy of several weeks of n-back training in
improving performance onmeasures of Gf^ or that Bexecutive
functions training and working memory training in old age is
highly effective^. In contrast, our reanalysis of the studies
reviewed in these two papers shows that there is no evidence
that working memory training produces improvements on
measures of non-verbal reasoning taken from well standard-
ized measures of cognitive ability (IQ). We believe that this
conclusion is of theoretical and practical importance and is in
line with a recent consensus statement on the effects of brain
training (http://longevity3.stanford.edu/blog/2014/10/15/the-
consensus-on-the-brain-training-industry-from-the-scientific-
community/).
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