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A commentary on
Online games training aging brains:
limited transfer to cognitive control
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Cognitive aging is associated with a decline
in cognitive control functions (Daniels
et al., 2006), including working memory, inhibition, and cognitive flexibility
(Miyake et al., 2000). Given that impairments in cognitive control are associated
with impaired functioning in daily life
(Burgess et al., 1998), numerous cognitive
training studies aimed at improving cognitive control in older individuals. They
showed that cognitive plasticity is considerable up to very old age and that cognitive
control training leads to significant performance improvements on the trained tasks.
Moreover, some interventions benefitted
performance on untrained tasks that were
tapping the same ability as the training
tasks (near transfer) or even other abilities
(far transfer) (see the Frontiers Research
Topic on training-induced cognitive and
neural plasticity, Karbach and Schubert,
2013). However, transfer effects were not
consistent across studies and have inspired
heated recent debates (e.g., Shipstead et al.,
2012; Redick et al., 2013).
These inconsistent findings of previous
studies may be explained by large differences in the type and the duration of their
training regimes. For instance, strategybased memory trainings (e.g., by means of
mnemonic techniques) often resulted in
large, long-lasting training gains but rarely
in any transfer (Verhaeghen et al., 1992;
Rebok et al., 2007). Process-based trainings, targeting more general processing
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capacities, such as cognitive flexibility or working memory, have yielded
widespread transfer in different age groups
(see Hertzog et al., 2009; Karbach and
Unger, 2014). One increasingly popular
type of training is multi-domain training, engaging multiple cognitive processes
and including most game-based trainings. Even though the complexity of
multi-domain trainings makes it hard to
determine the specific features inducing
the training-related gains, they are considered an optimal context for cognitive
interventions because of their stimulus
variability, frequent feedback and motivating nature. Positive effects of game-based
training have been repeatedly reported
for younger and older adults (Green and
Bavelier, 2003; Basak et al., 2008; Strobach
et al., 2012; Anguera et al., 2013; for a
review see Kueider et al., 2012).
To improve cognitive control in older
adults, van Muijden et al. (2012) developed a training regime including five
online training games designed to tap
updating, shifting, and working-memory
maintenance. The games were adaptive
in the sense that the task difficulty
was individually adapted to participants’
performances to make sure that they
were constantly challenged and performing close to their individual limit without being overstrained. A sample of more
than 70 older adults (mean age ≈68
years) either performed 30 min of game
training per day for 7 weeks (training
group), or they spend the same amount
of time watching documentaries and
answering quiz questions online (active
control group). Before and after the training, participants completed a battery of
cognitive tests assessing working memory,
inhibition, shifting, visual attention, and
fluid intelligence.
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After the intervention, the training
group improved more than the control
group in terms of fluid intelligence and
response inhibition, indicating that the
training resulted in far transfer to these
abilities. It should be noted, however,
that the inhibitory benefits were associated with significant baseline differences
between the training and the control
group that disappeared after the training.
Interestingly, the control group improved
more in terms of selective attention, which
the authors attributed to the participants
in the control condition being required
to constantly and simultaneously monitor
multiple stimuli.
Thus, the study provided limited support for positive effects of game-based
training on cognitive control in older
participants. It is consistent with Basak
et al.’s (2008) findings that game playing
can improve inhibition and other previous data suggesting that fluid intelligence
can be improved by process-based cognitive training (e.g., Klingberg et al., 2005;
Jaeggi et al., 2008; Karbach and Kray, 2009;
Schmiedek et al., 2010). However, van
Muijden’s findings are inconsistent with
previous research claiming that gamebased training does not benefit cognitive functioning (e.g., Ackerman et al.,
2010; Owen et al., 2010). These differences may be related to methodological flaws that particularly characterized
Owen’s study, among them large differences in terms of compliance and motivation in the study sample. This issue is
of particular importance because recent
work has identified motivation as a key
condition for transfer to occur (Green
and Bavelier, 2008; Jaeggi et al., 2014). In
contrast, most of the participants in van
Muijden’s methodologically sound study
reported enjoying the training games, a
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fact that may have supported the occurrence of transfer.
One matter that may have explained
the finding of limited transfer in van
Muijden’s study is an analysis of individual
differences in training and transfer gains.
Like most previous studies, the authors
focused on between-group differences in
training-related gains without analyzing
for whom the training was most effective. Process-based training often yields
compensatory effects with larger benefits
in low-performing participants (see Titz
and Karbach, 2014). Also, recent work
indicated that transfer is more likely to
occur in participants with large gains on
the training tasks (Jaeggi et al., 2011).
Hence, some individuals may have shown
large transfer effects that were masked
in the analyses based on group means.
Identifying these individuals may provide important information for the understanding of the mechanisms mediating
transfer to untrained tasks.
Even though recent studies indicated
that game-based training may be a promising tool to enhance cognitive abilities in
older adults, transfer effects were not consistent and in some cases rather limited
(Kueider et al., 2012). Thus, should we
consider game-based training ineffective
in older adults? Based on what we know
so far, the answer to this question clearly
should be no. The existing research still
is too divers to come to any kind of
strong conclusion regarding the potential
of game-based interventions in older age.
Instead, we need to further explore which
specific features of a game yield traininginduced gains, how long these effects last,
who benefits the most and how interventions have to be designed to benefit
groups at risk (e.g., individuals suffering
from mild cognitive impairment or neuropsychiatric disorders). Many of these
questions will be addressed in an upcoming Frontiers Research Topic on effects of
game training on neurocognitive plasticity
(Band et al., in press).

REFERENCES
Ackerman, P. L., Kanfer, R., and Calderwood, C.
(2010). Use it or lose it? Wii brain exercise practice
and reading for domain knowledge. Psychol. Aging
25, 753. doi: 10.1037/a0019277
Anguera, J. A., Boccanfuso, J., Rintoul, J. L., AlHashimi, O., Faraji, F., Janowich, J., et al. (2013).
Video game training enhances cognitive control

Frontiers in Psychology

Game-based cognitive training for the aging brain

in older adults. Nature 501, 97–101. doi: 10.1038/
nature12486
Band, G. P., Basak, C., Slagter, H. A., and Voss, M. W.
(in press). Effects of game and game-like training
on neurocognitive plasticity. Front. Res. Topic.
Basak, C., Boot, W. R., Voss, M. W., and Kramer,
A. F. (2008). Can training in a real-time strategy
video game attenuate cognitive decline in older
adults? Psychol. Aging 23, 765–777. doi: 10.1037/
a0013494
Burgess, P. W., Alderman, N., Evans, J., Emslie, H.,
and Wilson, B. A. (1998). The ecological validity
of tests of executive function. J. Int. Neuropsychol.
Soc. 4, 547–558. doi: 10.1017/S1355617798466037
Daniels, K., Toth, J., and Jacoby, L. (2006). “The aging
of executive functions,” in Lifespan Cognition:
Mechanisms of Change, eds E. Bialystok, and F.
I. M. Craik (Oxford: Oxford University Press),
96–111.
Green, C. S., and Bavelier, D. (2003). Action video
game modifies visual selective attention. Nature
423, 534–537. doi: 10.1038/nature01647
Green, C. S., and Bavelier, D. (2008). Exercising your
brain: a review of human brain plasticity and
training-induced learning. Psychol. Aging 23, 692.
doi: 10.1037/a0014345
Hertzog, C., Kramer, A. F., Wilson, R. S., and
Lindenberger, U. (2009). Enrichment effects on
adult cognitive development - can the functional capacity of older adults be preserved and
enhanced? Psychol. Sci. Public Interest 9, 1–65. doi:
10.1111/j.1539-6053.2009.01034.x
Jaeggi, S., Buschkuehl, M., Jonides, J., and Perrig, W.
(2008). Improving intelligence by training working memory. Proc. Natl. Acad. Sci. U.S.A. 105,
6829–6833. doi: 10.1073/pnas.0801268105
Jaeggi, S. M., Buschkuehl, M., Jonides, J., and Shah,
P. (2011). Short-and long-term benefits of cognitive training. Proc. Natl. Acad. Sci. U.S.A. 108,
10081–10086. doi: 10.1073/pnas.1103228108
Jaeggi, S. M., Buschkuehl, M., Shah, P., and Jonides,
J. (2014). The role of individual differences in
cognitive training and transfer. Mem. cognit. 42,
464–480. doi: 10.3758/s13421-013-0364-z
Karbach, J., and Kray, J. (2009). How useful is executive control training? Age differences in near
and far transfer of task-switching training. Dev.
Sci. 12, 978–990. doi: 10.1111/j.1467-7687.2009.
00846.x
Karbach, J., and Schubert, T. (2013). Training-induced
cognitive and neural plasticity. Front. Hum.
Neurosci. 7:48. doi: 10.3389/fnhum.2013.00048
Karbach, J., and Unger, K. (2014). Executive
control training from middle childhood
to adolescence. Front. Psychol. 5:390. doi:
10.3389/fpsyg.2014.00390
Klingberg, T., Fernell, E., Olesen, P. J., Johnson,
M., Gustafsson, P., Dahlstrom, K., et al. (2005).
Computerized training of working memory in
children with ADHD—A randomized, controlled
trial. J. Am. Acad. Child Adolesc. Psychiatry
44, 177–186. doi: 10.1097/00004583-20050200000010
Kueider, A. M., Parisi, J. M., Gross, A. L., and Rebok,
G. W. (2012). Computerized cognitive training
with older adults: a systematic review. PLoS ONE
7:e40588. doi: 10.1371/journal.pone.0040588
Miyake, A., Friedman, N. P., Emerson, M. J., Witzki,
A. H., Howerter, A., and Wager, T. D. (2000). The

www.frontiersin.org

unity and diversity of executive functions and their
contributions to complex “frontal lobe” tasks: a
latent variable analysis. Cogn. Psychol. 41, 49–100.
doi: 10.1006/cogp.1999.0734
Owen, A. M., Hampshire, A., Grahn, J. A., Stenton,
R., Dajani, S., Burns, A. S., et al. (2010). Putting
brain training to the test. Nature 465, 775–778. doi:
10.1038/nature09042
Rebok, G. W., Carlson, M. C., and Langbaum, J. B.
(2007). Training and maintaining memory abilities in healthy older adults: traditional and novel
approaches. J. Gerontol. B Psychol. 62, 53–61. doi:
10.1093/geronb/62.special_issue_1.53
Redick, T. S., Shipstead, Z., Harrison, T. L., Hicks,
K. L., Fried, D. E., Hambrick, D. Z., et al.
(2013). No evidence of intelligence improvement
after working memory training: a randomized,
placebo-controlled study. J. Exp. Psychol. Gen. 142,
359–379. doi: 10.1037/a0029082
Schmiedek, F., Lövdén, M., and Lindenberger, U.
(2010). Hundred days of cognitive training
enhance broad cognitive abilities in adulthood: findings from the COGITO study. Front.
Aging Neurosci. 2:27. doi: 10.3389/fnagi.2010.
00027
Shipstead, Z., Redick, T. S., and Engle, R. W. (2012). Is
working memory training effective? Psychol. Bull.
138, 628. doi: 10.1037/a0027473
Strobach, T., Frensch, P. A., and Schubert, T.
(2012). Video game practice optimizes executive control skills in dual-task and task switching situations. Acta Psychol. 140, 13–24. doi:
10.1016/j.actpsy.2012.02.001
Titz, C., and Karbach, J. (2014). Working memory and
executive functions: effects of training on academic
achievement. Psychol. Res. doi: 10.1007/s00426013-0537-1. [Epub ahead of print].
van Muijden, J., Band, G. P., and Hommel, B.
(2012). Online games training aging brains: limited transfer to cognitive control functions. Front.
Hum. Neurosci. 6:221. doi: 10.3389/fnhum.2012.
00221
Verhaeghen, P., Marcoen, A., and Goossens, L. (1992).
Improving memory performance in the aged
through mnemonic training: a meta-analytic
study. Psychol. Aging 7:242. doi: 10.1037/08827974.7.2.242
Conflict of Interest Statement: The author declares
that the research was conducted in the absence of any
commercial or financial relationships that could be
construed as a potential conflict of interest.
Received: 10 February 2014; accepted: 11 September
2014; published online: 29 September 2014.
Citation: Karbach J (2014) Game-based cognitive training for the aging brain. Front. Psychol. 5:1100. doi:
10.3389/fpsyg.2014.01100
This article was submitted to the journal Frontiers in
Psychology.
Copyright © 2014 Karbach. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the
original author(s) or licensor are credited and that the
original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

September 2014 | Volume 5 | Article 1100 | 2

