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A robust body of aging-related research has established benefits of both physical exercise (PE) and
cognitive training (CT) on executive functions related to the activities of daily living of older adults;
however, no meta-analysis has compared these treatments. Objective: The current quantitative review
involved a comparison of the overall effect sizes of PE and CT interventions on executive functions
(Morris, 2008; pre-post-controlled effect size: dppc), while also exploring contextual moderators of
treatment outcomes. Method: A systematic review identified 46 studies (23 PE, 21 CT, and 2 both)
meeting inclusion criteria (i.e., controlled interventions, executive-related outcomes, mean ages 65⫹,
information to calculate dppc). Results: The weighted mean dppc values came to 0.12 (p ⬍ .01) for PE and
0.24 (p ⬍ .01) for CT. Treatment effects differed based on executive constructs for CT, with problem
solving presenting the highest dppc (0.47, p ⬍ .01). Notably, PE produced similar effect sizes across
distinct executive functions. Treatment characteristics (e.g., session length/frequency) did not predict
effect sizes. CT had a significant benefit on healthy participants (0.26, p ⬍ .01), but cognitively impaired
samples did not experience a significant effect. Conclusions: Both treatments improved executive
functions, but CT presented a potential advantage at improving executive functions. Improvements in
executive functions differed depending on construct for CT, whereas each construct produced similar,
modest effect sizes for PE. Publication bias and study quality variability potentially bias these conclusions, as lower quality studies likely produced inflated effect sizes.
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as executive functions remain particularly malleable abilities into
later age (Colcombe et al., 2004; Kramer & Erickson, 2007;
Kramer et al., 1999).
Although involved in normative age-related declines (Burke &
Barnes, 2006), executive functions arise from brain areas presenting
high levels of neuroplasticity (e.g., prefrontal cortex; Miller & Cohen,
2001). Researchers have examined potential interventions that impact
brain function in executive networks related to cognitive control,
concluding that these networks show improved functional plasticity in
response to cognitive and fitness-based experiences (Mozolic, Hayasaka, & Laurienti, 2010; Voss et al., 2010). These findings suggest
that behavioral interventions have the potential to counterbalance the
neurological changes associated with the executive deficits of the
aging process (Park & Reuter-Lorenz, 2009). With functional changes
in the brain occurring at later age (Greenwood & Parasuraman, 2010),
improvement in executive functions and their respective neural networks may translate into maintained autonomy and improved quality
of life among older adults.
Along these lines, growing evidence supports the relationship
between executive functions and activities of daily living at later
age and in dementia, a connection emphasizing the ecological
importance of executive functions for the everyday lives of older
adults (Boyle et al., 2003; Cahn-Weiner, Boyle, & Malloy, 2002;
Grigsby, Kaye, Baxter, Shetterly, & Hamman, 1998; Johnson, Lui,
& Yaffe, 2007; Martyr & Clare, 2012; Pereira, Yassuda, Oliveira,
& Forlenza, 2008). As researchers clarify the importance of exec-

A growing body of research has demonstrated the vulnerability
of executive functions to age-related changes in brain structures
and functioning (e.g., Di, Rypma, & Biswal, 2014; Gunning-Dixon
& Raz, 2003; Turner & Spreng, 2012). Specifically, higher-order
cognitive functions seem to decline during healthy aging (Salthouse, Atkinson, & Berish, 2003) and appear highly susceptible to
the cortical and subcortical degeneration observed in dementia
(Vemuri et al., 2010). Some have labeled declines in executive
control an important underlying issue in cognitive aging (Braver &
Barch, 2002); however, this issue may have an array of solutions,
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utive functions in cognitive aging (Braver & Barch, 2002;
Gunning-Dixon & Raz, 2003), various treatments have arisen to
ameliorate higher-order cognitive declines, ranging from pharmacological to lifestyle-based therapies.
In parallel with advances in drug therapies for cognitive declines
(Herrmann, Chau, Kircanski, & Lanctot, 2011), alternative lifestyle interventions (i.e., physical exercise, cognitive training) have
become increasingly popular considering the growing evidence for
their efficacy at improving executive functions and activities of
daily living (Colcombe & Kramer, 2003; Kramer et al., 1999;
Sitzer, Twamley, & Jeste, 2006). These interventions may offer
cost-effective and person-centered alternatives to the pharmacological treatments still in development. In a meta-analysis on
fitness-based interventions for cognition, Colcombe and Kramer
(2003) summarized the neuropsychological benefits of physical
exercise interventions for older adults and elucidated their value in
modifying executive functions. Along these same lines, researchers have also examined cognitive training interventions for older
adults, presenting marked benefits for the same higher-order constructs (Sitzer et al., 2006). These cognitive training strategies
incorporate restorative and compensatory programs targeting specific cognitive abilities (i.e., problem solving, memory, etc.). Research on both styles of interventions has burgeoned within the last
decade, resulting in many new studies examining the impact of
both treatments on executive functions.
Overall a large body of research has confidently established the
cognitive benefits of both behavioral treatments independently.
Many published reviews have covered the cognitive effects of
physical exercise (e.g., Colcombe & Kramer, 2003; Smith et al.,
2010; van Uffelen, Chin A Paw, Hopman-Rock, & van Mechelen,
2008) and cognitive training (e.g., Clare, Woods, Moniz Cook,
Orrell, & Spector, 2003; Gates & Valenzuela, 2010; Kurz, Leucht,
& Lautenschlager, 2011; Sitzer et al., 2006; Woods, Aguirre,
Spector, & Orrell, 2012). The current meta-analysis diverges from
these former studies in two fundamental ways: first, through its
comparative element, as it aims to distinguish the effects of physical exercise interventions from those of cognitive training; and
second through its sole focus on research reports with executiverelated outcomes, narrowing the survey of the literature to studies
evaluating the effects of treatment on a neuropsychological construct highly sensitive to cognitive decline (i.e., executive functions; Braver & Barch, 2002; Gunning-Dixon & Raz, 2003). Although considered elusive, a large body of research has identified
diverse executive abilities (Jurado & Roselli, 2007; Miyake et al.,
2000), including five executive constructs included as outcome
measures in the current meta-analysis: working memory, inhibition, executive attention, problem solving, and fluency.
These five constructs derive from a rich history of neuropsychological research detailing the diversity of executive-related
abilities. The first construct, working memory, represents the ability to hold information in mind and update it moment to moment
(Goldman-Rakic, 1996), playing a critical role in guiding everyday
behaviors and serving as an interface between perception, attention, memory, and action (Baddeley, 1996). The second construct,
inhibition, involves the ability to suppress or ignore irrelevant
information currently interfering with an immediate goal (Nigg,
2000). The third construct, executive attention, was proposed
originally by Posner and Rothbart (2007). This higher-order cognitive ability involves the overriding of automatic attention pro-

cesses and the redirecting of behavior in accordance with goals,
rather than the saliency of the stimulus (e.g., shifting attentional
resources, Miyake et al., 2000). Two more executive constructs,
problem solving and fluency, have been more broadly defined, as
they may be representative of second-order executive abilities.
Problem solving refers to the ability to reason through a nonroutine, novel event, involving several steps including problem representation (Zelazo & Müller, 2011), problem identification
(Lezak, Howieson, Bigler, & Tranel, 2012), goal/task analysis
(Borkowski & Burke, 1996), and initiation and planning (Anderson, 2002). Lastly, the final construct, fluency, involves the flexible production of a series of novel responses within a given set or
category, while inhibiting those responses previously provided.
Categories range from phonological sets (e.g., words beginning
with “F”) to semantic sets (e.g., types of furniture). Tests also vary
in response modalities, from verbal fluency with oral responses to
design fluency with graphomotor responses (Lezak et al., 2012).
Altogether, these five constructs represent executive-related abilities commonly measured in both clinical and experimental neuropsychological research, with each frequently assessed as outcomes in physical exercise and cognitive training trials.
Evaluating the impact of physical and cognitive interventions on
these five executive abilities, the current meta-analysis aimed to
achieve three objectives: (a) to compare the established benefits of
physical exercise and cognitive training to determine if either
intervention presents an advantage at improving executive functions; (b) to identify participant characteristics (e.g., age, sex,
cognitive impairment, etc.) that predict the efficacy of each intervention at improving executive functions; and (c) to determine
which treatment characteristics (e.g., duration, session frequency,
etc.) produce the best outcomes for higher-order cognitive abilities.

Method
The report of this meta-analysis closely followed the guidelines
advocated by Moher, Liberati, Tetzlaff, Altman, and the PRISMA
Group (2009), following the item reporting checklist provided
within their Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) Statement.

Literature Search
The systematic review occurred in June 2013, involving online
searches of the PsycInfo, MedLine, CINAHL, PsycArticles, and
Cochrane Central Register of Controlled Trials databases. Pertaining to search filters, results were limited to English publications
with clinical trial, controlled clinical trial, or randomized controlled trial methodologies involving human participants aged 65
years and older. Following the search terms of similar systematic
reviews, the first search involved keywords related to exercise and
cognition among older adults (Colcombe & Kramer, 2003; Heyn,
Abreu, & Ottenbacher, 2004), and the second search used keywords focused on cognitive training among older adults (Sitzer,
Twamley, & Jeste, 2006; Valenzuela & Sachdev, 2009). Additional terms related to executive functioning and clinical trial
methodologies were included with each search. Reference lists
from peer-reviewed articles were also examined to identify other
pertinent studies (see Figure 1 for a summary of search terms and
a flowchart of the systematic search method).
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Figure 1. Flowchart of systematic review. EBSCOhost automatically removes duplicates from search results.
PE ⫽ physical exercise; CT ⫽ cognitive training; EF ⫽ executive functioning; ES ⫽ effect size.
ⴱ
Five studies involving both PE and CT treatments were identified, with two meeting inclusion criteria.

Prior to the literature search, specific inclusion criteria were
established by the authors. To be included in the study, articles
needed to (a) have an executive function (or a related construct) as
an outcome measure, (b) involve an intervention (either physical or
cognitive) with baseline and immediate posttreatment assessments
(i.e., posttest, not follow-up), (c) involve a mean age over 65 for
both experimental and control groups, (d) involve either a healthy
sample or a sample experiencing dementia or mild cognitive
impairment, (e) include a waitlist or placebo control condition, and
(f) report enough information to calculate an effect size for at least
one executive-related outcome measure.
The physical exercise keyword search yielded 351 results. A
manual search from reference lists and other known studies of the
field resulted in an additional 16 articles for more extensive
review. Abstracts were reviewed for all studies, and 60 of these
studies were selected for more extensive review. Altogether, 23
articles on exercise and executive functions ultimately met inclusion criteria and were included in the meta-analysis. Notably,
Madden, Blumenthal, Allen, and Emery (1989) used a subsample

of participants from Blumenthal, Emery, Madden, and George
(1989) and Liu-Ambrose, Nagamatsu, Voss, Khan, and Handy
(2012) used a subsample of participants from Liu-Ambrose et al.
(2010). With the cognitive training keywords, the search yielded
178 articles. Manual search from reference lists and other known
studies resulted in an additional 16 articles for more extensive
review. After the abstracts of these results were screened, 60 of
these articles were more extensively reviewed. The equal number
of retrieved articles across literature searches occurred entirely by
coincidence, with no predetermined quota of articles decided beforehand. After further review, 21 articles on cognitive training
and executive functions (with two of these articles representing a
single study; Craik et al., 2007; Stuss et al., 2007) met inclusion
criteria and were included in the meta-analysis. An additional five
articles involved both physical exercise and cognitive training
(either separate or combined), of which two ultimately met inclusion criteria. Appendix A, included in the online supplemental materials for this article, lists the excluded studies on both physical
exercise and cognitive training interventions organized by their ratio-
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nale for exclusion. The following list reports the number of studies
excluded across each training modality (i.e., number of excluded
physical exercise studies, number of excluded cognitive training studies) based on the aforementioned inclusion criteria: ineligible mean
age (1, 4), insufficient information for effect size calculation (10, 12),
ineligible intervention or no intervention (8, 9), no control condition
(4, 4), and no executive function outcome (13, 10).
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Data Extraction
The review was performed systematically using a modified data
collection instrument (Zaza et al., 2000) and the PEDro scale for
rating controlled trial study quality (Maher, Sherrington, Herbert,
Moseley, & Elkins, 2003). The PEDro scale quantifies study quality
through 11 items, attributing one point for each item satisfied by the
rated study, except for the first item (range: 0 –10). The items assess
design attributes characteristic of a rigorous clinical trial, including
randomization, blinding, dropout rates, and other methodological considerations. Each eligible article was read independently by two
reviewers with extracted data compared to ensure interrater reliability.
Reliability analyses indicated 93.42% congruence between summary
reports across reviewers. Discussion over discrepancies between reviewers ultimately yielded 100% consensus regarding the extracted
data.

Study Variable Coding
For each study a series of variables were recorded for inclusion in
analysis, including year of publication, study quality, sample size
(divided by experimental and control groups), average age, percent
male, baseline Mini-Mental State Examination (MMSE) score, cognitive status (i.e., healthy vs. impaired), control condition (i.e., active
vs. waitlist), and treatment style (i.e., physical exercise vs. cognitive
training, individual vs. group, treatment length, frequency of sessions,
session duration). For cognitive status, any degree of cognitive decline
qualified as impairment, resulting in a heterogeneous group including
multiple diagnoses, such as dementia and mild cognitive impairment.
In addition, physical treatment style (i.e., strength, aerobic, combined)
was recorded for exercise trials.

Effect Size Calculation
Treatment effect sizes. Considering the pretest-posttestcontrolled (PPC) designs customary of the clinical trials included in
this meta-analysis, effect size calculations followed the recommended
formula of Morris (2008), with each effect size calculated from the
mean treatment group change minus the mean control group change
divided by the pooled baseline standard deviation of both the treatment and control groups (hereafter referred to as dppc):

冋

dppc ⫽ cp

(M post,T ⫺ M pre,T) ⫺ (M post,C ⫺ M pre,C)
SDpre

册

With the pooled pretest standard deviation calculated as
SDpre ⫽

冑

CP ⫽ 1 ⫺

3
4(nT ⫹ nC ⫺ 2) ⫺ 1

For studies reporting more than one control condition (Clare et
al., 2010; Powell, 1974; Quayhagen et al., 1995), the data for the
control with the most limited activity (i.e., waitlist if available) was
selected for computing the effect size. For studies with two experimental groups (Brown, Liu-Ambrose, Tate, & Lord, 2009; Buiza
et al., 2008; Margrett & Willis, 2006; Moul et al., 1995; Oken et
al., 2006; Liu-Ambrose et al., 2010, 2012; Scherder et al., 2005),
the same control group was used in the calculation for two separate
effect sizes. Two studies (Klusmann et al., 2010; Legault et al.,
2011) included both cognitive and physical training conditions, but
one control group, with the prepost data for this nontreatment
condition used in the calculation of effect sizes for both intervention styles. As well, one study (Blumenthal, Emery, Madden, &
George, 1989) divided effects by gender and the separate subgroup
means and variances were averaged prior to the calculation of
effect sizes.
Random effects model. Aligning with a study-effect metaanalysis methodology (Bangert-Drowns, 1986), effect sizes for
each study were averaged into one effect size estimate per study to
limit effect size interdependency and prevent a study reporting
many executive-related effect sizes from biasing any findings. In
turn, all studies were equally represented in each analysis, with one
average effect size for each study regardless of how many
executive-related outcomes the study reported. Although the
Rosenthal and Rubin (1986) method for combining effects was
preferred, a simple mean effect size was used as the next best
alternative (Marín-Martínez & Sánchez-Meca, 1999), as the former was not designed for merging Morris (2008) PPC effect sizes
and most published research did not report the information needed
to use this methodology. In the random effects model, effect sizes
across studies are assumed to share a common distribution with
variance, 2, as well as possessing a unique error, i2, at the study
level. In the analyses, effect sizes are weighted according to their
total variance i2 ⫹ 2 so that the influence of an effect size is
proportional to the level of certainty as to its true value. Unfortunately, accurate estimation of the variance 2 of the dppc effect size
requires the correlation between pre- and posttest scores, which
was not available in the overwhelming majority of studies included
in the analysis. As an approximation, we estimate the variance of
the standardized mean difference, according to
si2 ⫽

nT ⫹ nC
nTnC

⫹

Where nT and nC are the sample sizes of the treatment and
control groups and the small sample size bias-correction is calculated as

d2ppci
2(nT ⫹ nC)

Where nT and nC are the sample sizes of the treatment and
control groups (Cooper, Hedges, & Valentine, 2009). Estimation
of the between study variance, 2, proceeds as follows. First, each
effect size is weighted by the inverse variance

(nT ⫺ 1)SD2pre,T ⫹ (nC ⫺ 1)SD2pre,C
nT ⫹ nC ⫺ 2

.

wi ⫽

1
si2

And 2 is then estimated according to DerSimonian and Laird
(1986)
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Qw ⫺ (k ⫺ 1)

2 ⫽

兺 w ⫺兺 w ⁄兺 w
⫽ 兺 w (d ⫺ 
d )
2
i i

i i

Qw

i

i

ppci

ppc

i i

2

Where k is the total number of effect sizes in the meta-analysis
and d is the weighted mean effect size. The random effects
ppc

weights are then given by

This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

wiRE ⫽

1

.
si2 ⫹ 2

Statistical Analyses
To confirm the heterogeneity of effect sizes for the random
effects model, analyses were preceded by a Cochran’s Q test and
an I2 index calculation for all effect sizes (Conover, 1999; HuedoMedina, Sánchez-Meca, Marín-Martínez, & Botella, 2006). A
significant result indicated differences among treatment effects, as
hypothesized by the a priori distinctions in treatment types.
As the systematic review gathered only published research
articles, the file drawer problem remains a likely bias affecting the
results of this meta-analysis (Rosenthal, 1979); however, in response to publication bias in the literature search, a fail-safe N was
calculated to determine the number of hypothetical null results
needed to reduce the significance of the overall effect size to a null
result (Rosenberg, 2005).
Weighted means and correlations. Hypothesizing significant
between-study heterogeneity, follow-up analyses involved weighted t test
comparisons for categorical moderators and metaregression models for
continuous moderators. All weighted means and correlations for
moderator variables were calculated separately for physical and
cognitive training effect sizes, with results identifying how the
extracted variables impact outcomes for each treatment style. A
first-extracted variable set involved categorical comparisons (i.e.,
physical exercise vs. cognitive training, healthy vs. impaired samples, individual vs. group therapy, active vs. waitlist control condition). Each category was also statistically compared to zero,
evaluating whether the effect estimate for each category statistically differed from a null effect.
Executive construct also served as a categorical moderator variable,
with effect size estimates for each construct compared with zero as
well. Effect sizes for each study were averaged based on their latent
constructs (i.e., working memory, inhibition, executive attention,
problem solving, and fluency). The measurements of two executiverelated outcomes were too global to be divided into the defined
constructs (i.e., Frontal Assessment Battery, Nouchi et al., 2012;
NexAde executive function, Peretz et al., 2011). In turn, these effect
sizes were included in the overall treatment estimates and moderator
analyses, but not the comparisons of executive constructs. The overall
effect size for each construct involved its own 2 value in calculating
the weights to avoid the biasing of the between-study variance estimate by studies reporting multiple constructs. Appendix B, included
in the online supplemental materials, lists the tests assigned to each
construct by study.
Metaregression models evaluated continuous moderators as predictors of treatment effects, with identical models predicting phys-
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ical exercise and cognitive training effect sizes separately. For
each treatment modality, two metaregression models examined
sets of continuous moderator variables. The first model included
participant features (i.e., percent male and average age), and the
second model evaluated treatment characteristics (i.e., length in
weeks, session duration in hours, frequency in sessions per week).
A third model including study features (i.e., year of publication
and study quality; Maher et al., 2003) presented poor fit. As well,
too few studies reported MMSE values to include it in a model
without substantial listwise deletion. In turn, the weighted correlations between all continuous moderators and effect sizes were
independently compared to zero for both treatment modalities. For
physical exercise effects only, an exercise style variable (e.g.,
aerobic, strength, and combined) was extracted; however, dividing
the physical exercise sample three ways for categorical comparisons significantly reduced the sample size of effects for each
group. In turn, these variables are reported qualitatively, but did
not guide any analysis or interpretation. Due to the number of
statistical comparisons, the threshold for significance was set at
p ⱕ .01 to reduce the Type I error rate.

Results
Systematic Review
Physical exercise. Altogether, 25 eligible studies involved
physical exercise interventions (i.e., 23 with only exercise and two
with separate cognitive and physical treatments). These studies
reported 134 effect sizes. The averaging of effect sizes within each
study resulted in 32 effect sizes, with five studies involving two
treatment conditions and a separate effect size calculated for each
treatment condition. Across this sample of studies, 958 participants
completed an experimental condition and 920 participants completed
a control condition. The participants had an average age of 74.0 (s ⫽
5.66; 30.4% male) and an average MMSE of 27.1 (s ⫽ 2.19). Table
1 displays the effect sizes and moderator variables for all 25 physical
exercise interventions included in the current meta-analysis.
Cognitive training. Across the 23 eligible studies involving
cognitive training interventions (i.e., 21 with solely cognitive
training and two with separate cognitive and physical training
treatments), 89 effect sizes were calculated. The averaging of
effect sizes within each study resulted in 26 effect sizes, with three
studies involving two treatment conditions and a separate effect
size calculated for each treatment condition. Altogether these
interventions involved 1,158 participants in experimental conditions and 1,088 participants in control conditions. The combined
participant sample presented an average age of 73.3 (s ⫽ 4.31;
40.9% male) and an average MMSE of 26.0 (s ⫽ 3.92). Table 2
reports the effect sizes and moderator variables for all 23 cognitive
training interventions included in the current meta-analysis.

Effect Sizes and Analyses
Effect sizes. All average effect sizes represent weighted averages, with their respective weights described earlier. The estimated
between-study variance (2) equaled 0.02 for the overall effect estimates. The weighted average effect size for all studies was 0.19, df ⫽
57, p ⬍ .01, 95% CI [0.11, 0.26]. Cognitive training alone presented
an average effect of 0.26, df ⫽ 25, p ⬍ .01, 95% CI [0.13, 0.39], and
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Table 1
Controlled Physical Exercise Trials: Effect Sizes and Reported Variables
Study features

Outcomes

Sample size

Authors

Year

PEDro

Constructs
and effect
sizes

Exp.
(n)

Con.
(n)

Avg.
age

% Male

Anderson-Hanley
et al.

2010

3

16

16

72.9

Barry et al.
Blumenthal et al.ⴱ
& Madden et al.⫹

1966
1989
1989

3
7

8
31

5
32

25

26

34

32

28

26

66

Brown et al.ⴱ

2009

5

Hawkins et al.
Kimura et al.
Klusmann et al.^

1992
2010
2010

7
8
8

Legault et al.^

2011

8

Liu-Ambrose
et al.

2008

6

Liu-Ambrose
et al.ⴱ

2010,
2012

8

Maki et al.

2012

7

Molloy et al.
Moul et al.ⴱ

1988
1995

7
7

Oken et al.ⴱ

2006

8

ES ⫽ .49;
EA ⫽ .37;
Inh. ⫽ .30;
WM ⫽ .79
PS ⫽ ⫺.37
ES ⫽ ⫺.04;
EA ⫽ .10;
Flu. ⫽ ⫺.06;
Inh. ⫽ ⫺.20;
WM ⫽ .04;
⫹
ES ⫽ .05
⫹
EA ⫽ .08;
⫹
WM ⫽ ⫺.01
ES ⫽ ⫺.07;
EA ⫽ ⫺.03;
Flu ⫽ ⫺.05;
Inh. ⫽ ⫺.12;
WM ⫽ ⫺.07;
⫹
ES ⫽ ⫺.03
⫹
AC ⫽ .02;
⫹
WM ⫽ ⫺.09
ES ⫽ .13;
EA ⫽ .01;
Flu. ⫽ .18;
Inh. ⫽ .02;
WM ⫽ .31
ES ⫽ .09;
EA ⫽ ⫺.08;
Flu. ⫽ .14;
Inh. ⫽ .12;
WM ⫽ .19
EA ⫽ .24
EA ⫽ ⫺.04
ES ⫽ .21
EA ⫽ .59;
Flu. ⫽ .20;
Inh. ⫽ ⫺.14
ES ⫽ ⫺.18;
EA ⫽ ⫺.35;
Inh. ⫽ .34
WM ⫽ ⫺.24;
ES ⫽ .31;
EA ⫽ .17;
Inh. ⫽ .54;
WM ⫽ .21
ES ⫽ .13;
EA ⫽ ⫺.01;
Inh. ⫽ .25;
WM ⫽ .16
#
Inh. ⫽ 1.14
ES ⫽ .22;
EA ⫽ ⫺.10;
Inh. ⫽ .36;
WM ⫽ .39
#
Inh. ⫽ .34
ES ⫽ .07;
EA ⫽ .03;
PS ⫽ ⫺.08;
Flu. ⫽ .31
Flu. ⫽ ⫺.42
PS ⫽ .35
PS ⫽ .22
ES ⫽ .05;
EA ⫽ .30;
WM ⫽ ⫺.08;
Inh. ⫽ ⫺.07
ES ⫽ .06;
EA ⫽ .43;
WM ⫽ ⫺.07;
Inh. ⫽ ⫺.17

Participant features

Treatment characteristics
Group
size

Control
cond.

87.5

Group

WL

4

71
66.7

51.3
49.3

Group

WL
WL

67.3

48.5

Group

34

78.8

13.3

Healthy

26.4

26

34

79.8

10.8

Healthy

18
65
80

18
54
69

68.2
74.4
73.6

27.6
41.0
0

Healthy
Healthy
Healthy

16

17

75.7

61.1

Healthy

28

24

82.3

30.6

Healthy

46

42

69.7

0

15
47

17
42

69.8
69.7

20
66

17
67

23
10
10
38

38

Cognitive
status

Avg.
MMSE

Length
(wks)

Session
length
(hrs)

Sess./wk

Type

1

3

Nonaerobic

12
16

0.67
1

3
3

Combined
Aerobic

WL

16

1

2

Nonaerobic

Group

WL

24

1

2

Nonaerobic

26.1

Group

WL

24

1

2

Nonaerobic

27.85
28.7

Group
Group
Group

Active
Active
WL

10
12
24

0.75
1.5
2

3
2
3

Aerobic
Nonaerobic
Combined

Group

Active

16

1.25

2

Aerobic

28

Indiv.

Active

24

0.5

5

Nonaerobic

Healthy

28.7

Group

Active

52

1

2

Nonaerobic

0

Healthy

28.9
28.7

Group

Active

52

1

1

Nonaerobic

69.7
72

29.3

Healthy

28.9
27.8

Group

Active

12

1.5

1

Aerobic

22
10
10
42

82.7
69.4
69.5
71.4

0
36.7
36.7
27.3

Healthy

24.8

Healthy

Group
Group
Group
Group

WL
Active
Active
WL

12
16
16
24

0.5
0.67
0.67
1.5

3
5
5
1

Nonaerobic
Aerobic
Nonaerobic
Nonaerobic

42

72.4

23.1

Healthy

Group

WL

24

1.5

1

Aerobic
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Powell
Scherder et al.ⴱ

Study features

Outcomes

Sample size

Year

PEDro

Constructs
and effect
sizes

Exp.
(n)

Con.
(n)

Avg.
age

% Male

1974
2005

4
7

PS ⫽ .55
ES ⫽ .40;
EA ⫽ .42;
Flu. ⫽ .38
ES ⫽ .57;
EA ⫽ .88;
Flu. ⫽ .26
EA ⫽ .30

11
15

12
15

69.3
85

43.3
10.0

13

15

87.5

20

29

ES ⫽ ⫺.02;
Flu. ⫽ .56;
Inh. ⫽ ⫺1.18
ES ⫽ .00;
Flu. ⫽ ⫺.10;
Inh. ⫽ .10
PS ⫽ .14
Inh. ⫽ ⫺.07
WM ⫽ .33

25

Schwenk et al.

2010

7

Suzuki et al.

2012

8

van Uffelen et al.

2008

9

Williams & Lord
Williamson et al.
Yágüez et al.

1997
2009
2011

5
7
7

Treatment characteristics

Participant features
Group
size

Control
cond.

Length
(wks)

Session
length
(hrs)

Sess./wk

Impaired$
Impaired:
MCI

Group
Indiv.

Active

12
6

1
0.5

5
3

Combined
Aerobic

11

Impaired:
MCI

Indiv.

Active

6

0.5

3

Nonaerobic

81.4

36.1

Group

Active

12

2

2

Nonaerobic

25

76.1

54

Group

Active

48

1.5

2

Aerobic

77

75

74.8

60.2

Impaired:
21.35
Dementia
Impaired:
26.7
Amnesic
MCI
Impaired:
29
MCI

Group

Active

52

1

2

Aerobic

71
45
15

78
47
12

71.7
77.4
73.1

0.0
28.7
40.8

Group
Indiv.
Group

WL
Active
Active

42
52
6

1
0.67
2

2
4
1

Combined
Combined
Nonaerobic

Cognitive
status

Healthy
Impaired:
AD

Avg.
MMSE

24.2

Type

Note. ES is listed as the overall effect size for a study, derived from all outcomes regardless of executive construct. For studies including only one
executive construct, ES is equivalent to the estimate of the single construct. AD ⫽ Alzheimer’s disease; Avg. ⫽ average; Con. ⫽ control; EA ⫽ executive
attention; ES ⫽ effect size; Exp. ⫽ experimental; Flu. ⫽ fluency; Indiv. ⫽ individual; Inh. ⫽ inhibition; MCI ⫽ mild cognitive impairment; MMSE ⫽
Mini-Mental State Examination; PS ⫽ problem solving; Sess./wk ⫽ sessions per week; WL ⫽ waitlist; WM ⫽ working memory.
ⴱ
Denotes a study with multiple experimental group, with each group including the same control group features in effect size and weight calculation. ⫹ Denotes effect sizes from Madden et al. (1989), which used a subsample of participants from Blumenthal et al. (1989). # Denotes effect sizes
from Liu-Ambrose et al. (2012), which used a subsample of participants from Liu-Ambrose (2010). $ Powell (1974) included institutionalized geriatric
mental health patients with no specific diagnosis. ^ Denotes a study with both a physical exercise and a cognitive training intervention.

physical exercise resulted in an average effect of 0.12, df ⫽ 31, p ⬍
.01, 95% CI [0.04, 0.20].
Fail-safe N. For the overall effect size (both physical and
cognitive treatments included in the weighted average), the
fail-safe N calculation indicated a required addition of 450
effect sizes of zero to reduce the effect to nonsignificance.
Separated by treatment style, dropping the effect size this low
for cognitive training and physical exercise would require 177
and 27 effect sizes of zero, respectively.
Test of heterogeneity. The calculated effect sizes ranged
from ⫺0.45 to 1.37, resulting in significant heterogeneity,
Q(57) ⫽ 76, p ⬍ .05, I2 ⫽ 0.25. This marginal level of variance
across trials supported the further exploration of their effect sizes
through extracted study-related variables. See Figures 2 and 3 for
a graphical summary of all results reported hereafter.
Weighted mean comparisons. The overall effect sizes of
physical exercise interventions and cognitive training interventions did not significantly differ from each other, t ⫽ 1.76, p ⫽
.09, but the 95% CIs of these estimates only overlapped by a
slight margin (i.e., .07), indicating a potential trend toward an
advantage of cognitive interventions over those involving physical exercise. For the three design-related group comparisons
(i.e., healthy vs. impaired samples, group vs. individual treatments, active vs. waitlist control groups), no significant differences were found between the means.
Although waitlist and active control conditions did not significantly differ from each other, only the effect size for waitlist
studies differed significantly from zero for cognitive training interventions (dppc ⫽ .29, p ⬍ .01). Contrarily, physical exercise
studies involving active controls reached significance (dppc ⫽ .16,

p ⫽ .01), whereas waitlist studies did not differ from zero for this
treatment modality (dpcc ⫽ .06, p ⫽ .27). For physical exercise
studies, group interventions produced effects significantly greater
than zero (dppc ⫽ .12, p ⬍ .01), and individual interventions did
not (dppc ⫽ .12, p ⫽ .29). For cognitive training, effect sizes for
individual interventions reached significance (dppc ⫽ .34, p ⫽ .01),
and effect sizes for group interventions only neared significance
(dppc ⫽ .19, p ⫽ .02). Although healthy (dppc ⫽ .11, p ⫽ .08) and
cognitively impaired samples (dppc ⫽ .21, p ⫽ .05) both produced
only nonsignificant effects for physical exercise, cognitive training
showed a significant effect for healthy samples (dppc ⫽ .26, p ⬍
.01), but a nonsignificant effect for impaired samples (dppc ⫽ .20,
p ⫽ .19). See Table 3 for all weighted mean effect sizes based on
categorical extracted variables and their respective p values. As
part of the online supplemental materials, Appendix C provides
tables listing unweighted mean and median effect sizes based on
these same variables.
Construct analyses. Each construct had a separate 2 value:
problem solving (2 ⫽ .09; Q(16) ⫽ 36.93, p ⬍ .01, I2 ⫽ .57,),
executive attention (2 ⫽ .01; Q(27) ⫽ 31.14, p ⬎ .05, I2 ⫽ .13),
working memory (2 ⫽ .03; Q(26) ⫽ 37.85, p ⬎ .05, I2 ⫽ .31),
inhibition (2 ⫽ .07; Q(21) ⫽ 46.08, p ⬍ .01, I2 ⫽ .54), and
fluency (2 ⫽ .04; Q(21) ⫽ 37.13, p ⬍ .05, I2 ⫽ .43). For physical
exercise, each construct produced an overall modest effect (range:
0.06 – 0.15); however, only the effects for executive attention
(dppc ⫽ .15, p ⫽ .02) neared significance. In regards to cognitive
training interventions, effect sizes showed a much greater range
across constructs (range: 0.03– 0.47), with problem solving differing reliably from zero (dppc ⫽ .47, p ⫽ .01).
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Authors

Study
features

Outcomes

Year PEDro

Constructs
and effect
sizes

Borella et al.

2010

7

Bottino et al.

2005

8

Buiza et al.ⴱ

2008

7

Cahn-Weiner et al. 2003

7

Calero & Navarroⴱ 2007

6

Ceccato et al.
Clare et al.

2012
2010

8
7

Craik et al. &
Stuss et al.
Davis et al.

2007
2007
2001

8

Klusmann et al.^

2010

8

Legault et al.^

2011

8

Margrett & Willisⴱ 2006

7

Moro et al.

2012

5

Mozolic et al.

2011

8

Nouchi et al.
Peretz et al.

2012
2011

10
9

Quayhagen &
Quayhagen
Quayhagen et al.

1989

5

1995

6

Quayhagen et al.

2000

5

Richmond et al.

2011

7

9

ES ⫽ 1.18;
PS ⫽ 1.14;
WM ⫽ 1.70;
Inh. ⫽ .67
ES ⫽ .12;
EA ⫽ ⫺.20;
WM ⫽ .87
Flu. ⫽ ⫺.30
ES ⫽ .09;
PS ⫽ .13;
Flu. ⫽ .06;
ES ⫽ .31;
PS ⫽ .45;
Flu. ⫽ .17
ES ⫽ ⫺.22;
EA ⫽ ⫺.32;
Flu. ⫽ ⫺.11
WM ⫽ .30
WM ⫽ .28
WM ⫽ ⫺.23
ES ⫽ ⫺.15;
EA ⫽ .00;
Flu. ⫽ ⫺.59
WM ⫽ .09
ES ⫽ .09;
WM ⫽ .22;
Flu. ⫽ .05
ES ⫽ .12;
EA ⫽ .30;
Inh. ⫽ ⫺.09;
Flu. ⫽ .14
ES ⫽ ⫺.01;
EA ⫽ ⫺.35;
WM ⫽ .00;
Inh. ⫽ .64
PS ⫽ .74
PS ⫽ .79
ES ⫽ ⫺.06
EA ⫽ ⫺.49;
PS ⫽ .05;
Inh. ⫽ ⫺.52;
Flu. ⫽ .60
ES ⫽ .39;
EA ⫽ .41;
WM ⫽ .34;
Inh. ⫽ .03
Glob. ⫽ ⫺.81
ES ⫽ .25;
WM ⫽ .35
Glob. ⫽ .15
PS ⫽ 1.37
ES ⫽ .83;
PS ⫽ .88;
Flu. ⫽ .78
ES ⫽ .38;
PS ⫽ .52;
Flu. ⫽ .24
ES ⫽ .45;

Sample
size

Participant features

Treatment characteristics

Exp. Con. Avg.
Cognitive Avg. Group Control Length
(n)
(n)
age % Male
status
MMSE size
cond. (weeks)
20

20

69.1

42.5

Indiv.

6

7

73.8

29.8

Impaired:
AD

85

85

73.2

27.5

Healthy

68

85

71.7

28.0

Healthy

15

14

76.9

41.2

Impaired:
AD

51
27
27
20

27
28
23
21

76.9
76.9
86.4
77.3

65.4
65.4
19.8
40.9

Healthy
Impaired#
Impaired
Impaired:
AD

29

20

78.8

44.9

19

18

70.6

43.0

80

69

73.6

16

17

30
34
15

22.4

Active

2

Group Active

Session
length
(hrs) Sess./wk
1

1.5

20

1.5

1

Group WL

104

1.5

2

Group WL

104

1.5

2

6

1.3

1

24.7

Group Active
WL
WL
WL
WL

7
7
12
8

1
1

16.7
22.7

Group
Group
Group
Indiv.

1

2
2
2
1

Healthy

28.0

Group WL

14

4

1

Impaired:
AD

22.3

Indiv.

0.0

Healthy

28.7

Group

24

75.7

61.1

Healthy

Group Active

16

34
34
15

71.3
71.3
70.9

50.0
50.0

Healthy
Healthy
Impaired:
Amnesic
MCI

Indiv. WL
Group WL
Indiv. WL

6.5
6.5
24

1
1

2
2
1.33

30

32

69.4

47.0

Healthy

28.4

Indiv.

Active

8

1

1

84

71

69.1
67.8

46.4
38.5

Healthy
Healthy

28.5
29.0

Indiv.
Indiv.

Active
Active

4
12

10

10

67.4

28.3

Indiv.

WL

32

1

6

25

25

73.6

65.4

Impaired:
AD
Impaired:
AD

Indiv.

WL

12

1

6

21

15

74.5

36.9

Impaired:
Dementia

Indiv.

WL

8

1

5

21

19

66

20

Healthy

Indiv.

Active

4

29

Active

.75

5

.50
1.5

.80

.25
.50

.50

7
3

1.5

5
3

5
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Authors

Study
features

Outcomes

Year PEDro

Constructs
and effect
sizes

Stine-Morrow
et al.

2008

6

Vance et al.

2007

7

PS ⫽ ⫺.41;
WM ⫽ ⫺.50
ES ⫽ .22;
PS ⫽ .17;
WM ⫽ .16;
Flu. ⫽ .79
EA ⫽ ⫺.04

Sample
size

Participant features

Treatment characteristics

Exp. Con. Avg.
Cognitive Avg. Group Control Length
(n)
(n)
age % Male
status
MMSE size
cond. (weeks)

87

63

72.5

82

77

75.2

Healthy

28.6

Group

20

Group Active

12.3

Session
length
(hrs) Sess./wk

1

1

0

Note. AD ⫽ Alzheimer’s disease; Avg. ⫽ average; Con. ⫽ control; cond. ⫽ condition; EA ⫽ executive attention; Exp. ⫽ experimental; Flu. ⫽ fluency;
Glob. ⫽ global; Indiv. ⫽ individual; Inh. ⫽ inhibition; MCI ⫽ mild cognitive impairment; MMSE ⫽ Mini-Mental State Examination; Sess./wk ⫽ sessions
per week; PS ⫽ problem solving; WL ⫽ waitlist; WM ⫽ working memory.
ⴱ
Denotes a study with multiple experimental group, with each group including the same control group features in effect size and weight calculation. ^ Denotes a study with both a physical exercise and a cognitive training intervention. # Calero & Navarro (2007) used a subsample considered
cognitively impaired based on a cutoff for Spanish MMSE scores.

Meta-regression models. The first model included mean age
and percent male as predictors of effect sizes. For physical exercise
effect sizes, the overall test of conditionality failed to reject the
null, F(2, 29) ⫽ 0.820, p ⫽ .450, R2 ⫽ 0.054, resulting in
nonsignificant ␤-weights for both average age (␤age ⫽ ⫺.001, p ⫽
.889) and percent male (␤sex ⫽ ⫺.002, p ⫽ .211). The same model
neared significance when predicting cognitive training effect sizes,
F(2, 20) ⫽ 3.889, p ⫽ .037, R2 ⫽ 0.280, but both average age
(␤age ⫽ ⫺.035, p ⫽ .046) and percent male (␤sex ⫽ .008, p ⫽
.062) were nonsignificant predictors. The second model included
treatment length, session length and session frequency as predictors of effect sizes. The overall model did not reach significance
for either physical exercise effect sizes, F(2, 28) ⫽ 0.248, p ⫽
.862, R2 ⫽ 0.025, or cognitive training effect sizes, F(3, 20) ⫽
0.223, p ⫽ .879, R2 ⫽ 0.032, with all predictors producing null
regression-weights for both intervention styles.
Weighted correlations. Three continuous moderators not assessed in metaregression models were evaluated by examining
their weighted correlations with treatment effect sizes: mean
MMSE, year of publication, and study quality (i.e., PEDro score).
For physical exercise studies, effect sizes did not correlate significantly with any of these variables. For cognitive training interventions, only year of publication neared significance
(rw ⫽ ⫺0.42, p ⫽ .03), with more recent publications producing
lower effect sizes. See Table 4 for all weighted correlations between effect sizes and extracted continuous variables. Appendix C,
part of the online supplemental materials, includes a table listing
these same correlations, but with unweighted effect sizes.

Discussion
Both physical exercise and cognitive training interventions presented reliable positive effect sizes for executive functions, demonstrating the shared efficacy of these two highly researched lifestyle
interventions. Notably, physical exercise resulted in far narrower CIs
for all categorical comparisons, showing more consistency in effect
sizes across studies based on these moderators. This consistency
likely derives from the common features of physical exercise treatments across studies (e.g., aerobic activity), whereas cognitive train-

ing paradigms present far greater diversity in both targeted cognitive
abilities and intervention style. Notably, with the specificity of cognitive training toward specific neuropsychological abilities, its potential advantage over physical exercise may derive from the similarity of
training and outcomes (i.e., training techniques share common features with dependent variables). This refers to near-transfer effects,
where cognitive training procedures involve participants practicing
tasks similar or identical to those serving as research outcomes.
Notably, the trial producing one of the largest effects of cognitive
training on problem solving, as measured through the Cattell test, did
not train participants on this measure or any similar measure, with the
researchers labeling the Cattell test as a far-transfer outcome (Borella
et al., 2010). Contrarily, another trial resulting in a large problem
solving effect size involved reasoning training, resulting in a neartransfer of the trained abilities to the problem solving outcomes (i.e.,
Letter Series Test, Word Series Test; Margrett & Willis, 2006).
Similarly, Quayhagen and colleagues (1989, 1995, 2000) described
the training of problem solving in each of their designs and found
medium to large effects for this same construct. In turn, near-transfer
effects have likely impacted the current results, but problem solving
still appears susceptible to far-transfer effects of cognitive training
(Borella et al., 2010). Nonetheless, the potential advantages of cognitive training should be considered in light of traditional fitness
benefits of exercise among older adults (Heyn, Johnsons, & Kramer,
2008), where such interventions may better serve general health than
a computerized cognitive training paradigm.
The benefits of physical exercise interventions appeared common
across both cognitively impaired and healthy samples, elucidating the
importance of exercise in the treatment of older adults across varying
levels of cognitive decline. For cognitive training, the impaired samples did not experience significant treatment effects, and cognitively
healthy samples did experience significant positive effects. A previous review of solely physical exercise trials similarly identified common cognitive benefits across older adults with and without cognitive
impairment (van Uffelen, Chin A Paw, Hopman-Rock, & van
Mechelen, 2008). However, considering the heterogeneity of the
impaired sample within the current meta-analysis, this finding must be
interpreted with caution. Impaired samples produced a much wider
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Figure 2. Forest plot of weighted correlations and weighted mean effect sizes by categorical variables and
executive constructs for physical exercise interventions. MMSE ⫽ Mini-Mental State Examination. Error bars
represent 95% confidence intervals.

CI, which suggests a higher variability in treatment outcomes among
those experiencing cognitive declines, potentially due to the various
diagnoses within this category. Addressing this conclusion with a
continuous variable, MMSE scores did not meaningfully predict treatment outcomes, producing small and nonsignificant correlations with
effect sizes for both styles of intervention. In turn, baseline global cognitive performance appears fairly unrelated to treatment efficacy, although only a limited amount of eligible studies reported MMSE scores,
which biases the value of this conclusion.

Implications for Research
Across the nearly 50 years of research reviewed within this
meta-analysis, publication year showed unique relationships
with effect sizes across treatments. For cognitive training, effect
sizes tended to decrease with more recent years of publication
and study quality, indicating that earlier, lower-quality studies
likely overestimated the effects of cognitive training interventions. Alternatively, although nonsignificant, recently published
physical exercise trials tended to produce higher effects. Study
quality did not significantly correlate with effect sizes for either
treatment type; however, the correlations were in the direction
of lower effect sizes with higher study quality, with the results
for both interventions supporting two respective conclusions:

(a) former research has not informed new designs to improve
the accuracy of effect sizes across time, and (b) low quality
studies may positively bias the supported benefits of these
interventions. Figure 4 presents two scatter plots that graphically display each trend.
Despite these findings, studies beyond this meta-analysis
may have produced larger effects, as some high quality clinical
trials (e.g., Ball et al., 2002; Smith et al., 2009; Voss et al.,
2010) did not meet inclusion criteria; and their exclusion from
the meta-analysis biases the results and likely influences interpretation. In addition, many researchers may have conducted
studies with progressive and more effective designs, but did not
include an executive-related measure as an outcome. Both this
meta-analysis and previous meta-analyses (e.g., Colcombe &
Kramer, 2003; Sitzer et al., 2006) have demonstrated the benefits of these interventions on executive functions, regardless of
the magnitude of the effect; and, in turn, future trials should
always include and report an executive-related outcome, considering the importance of executive functions in the daily lives
of aging populations (Boyle et al., 2003; Cahn-Weiner et al.,
2002; Grigsby et al., 1998; Johnson et al., 2007; Martyr &
Clare, 2012; Pereira et al., 2008). Further informing future
research, these results indicate a need for higher quality trials,
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Figure 3. Forest plot of weighted correlations and weighted mean effect sizes by categorical variables and
executive constructs for cognitive training interventions. MMSE ⫽ Mini-Mental State Examination. Error bars
represent 95% confidence intervals.

informed by the strengths and weaknesses of past studies, to
produce more accurate effects.

Implications for Practice
Cognitive training and physical exercise interventions did not significantly differ in effect sizes, although cognitive strategies resulted
in a slightly larger overall effect. As both intervention styles present
efficacy, they each have a role in clinical practice, and may produce
their greatest benefits in combination (Thom & Clare, 2011); however, many additional variables related to these interventions likely
influence their established effects. Social engagement may stand as a
salient factor underlying the efficacy of physical exercise interventions (Kramer & Erickson, 2007); however, based on the reported
meta-analytic findings, group designs did not show any significant
difference from individual treatments for executive-related outcomes.
Notably, group and individual treatments both approached significance for cognitive training, but only group treatments produced a
significant effect for physical exercise interventions. In turn, group
exercise may involve more positive social engagement than solitary

exercise, while the benefits of individualized and group cognitive
training appear less distinct. This result conflicts with past findings
identifying a positive relationship between executive functions and
social contact throughout the aging process (Seeman et al., 2011). In
turn, the group versus individual design comparison may have lacked
sufficient sensitivity to detect treatment gains attributable to the increased
sociality of group-based interventions. Social engagement does appear
cognitively beneficial (Fratiglioni, Paillard-Borg, & Winblad, 2004; Zunzunegui, Alvarado, Del Ser, & Otero, 2003) and should likely have a role
in any applied behavioral intervention for older adults.
Furthermore, the treatment features examined in the current metaanalysis showed insignificant relationships with effect sizes. The
outcomes of the treatments showed limited heterogeneity, which
likely impacted the small relationships between effect sizes and these
moderators. Notably, the studies yielding the largest effects for physical exercise (Anderson-Hanley et al., 2010, dppc ⫽ .49; Powell, 1974,
dppc ⫽ .55; Scherder et al., 2005, dppc ⫽ .40, .57) had fairly frequent
sessions (i.e., 3–5/week) with relatively short treatment durations
(4 –12 weeks). Contrarily, the largest effects for cognitive training
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Table 3
Weighted Mean Effect Sizes (Dppc), Standard Errors, and 95% Confidence Intervals (CI)
Physical exercise
Comparisons

This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

Overall average
Healthy sample
Impaired
Individual
Group
Waitlist control
Active control

Construct
Executive attention
Problem solving
Working memory
Inhibition
Fluency

Cognitive training

x

df

p

95% CI

0.12
0.11
0.21
0.15
0.12
0.06
0.16

31
15
6
4
25
12
17

⬍ .01
.08
.05
.29
⬍.01
.27
.01

[0.04, 0.20]
[⫺0.01, 0.23]
[0.04, 0.38]
[⫺0.09, 0.39]
[0.04, 0.21]
[⫺0.04, 0.15]
[0.05, 0.28]

x

df

p

95% CI

0.15
0.12
0.13
0.06
0.12

19
5
13
16
10

.02
.29
.08
.54
.13

Comparisons

[0.04, 0.26]
[⫺0.08, 0.32]
[0.00, 0.27]
[⫺0.13, 0.25]
[⫺0.02, 0.26]

Overall average
Healthy sample
Impaired
Individual
Group
Waitlist control
Active control

Construct
Executive attention
Problem solving
Working memory
Inhibition
Fluency

x

df

p

95% CI

0.26
0.26
0.20
0.34
0.19
0.29
0.18

25
14
9
12
12
13
10

⬍.01
⬍.01
.19
.01
.02
⬍.01
.11

[0.13, 0.39]
[0.10, 0.42]
[⫺0.07, 0.47]
[0.12, 0.56]
[0.05, 0.33]
[0.11, 0.47]
[⫺0.02, 0.38]

x

df

p

95% CI

0.03
0.47
0.29
0.12
0.22

7
10
12
4
10

.78
.01
.07
.56
.09

[⫺0.17, 0.23]
[0.21, 0.74]
[0.00, 0.58]
[⫺0.25, 0.48]
[⫺0.01, 0.45]

Note. Mean values represent weighted means.

derived from more inconsistently designed studies, with very brief
interventions (Borella et al., 2010, dppc ⫽ 1.18) and much longer
interventions (Quayhagen & Quayhagen, 1989, dppc ⫽ 1.37) producing the largest effects. Explaining this similarity in outcomes despite
variation in treatment length, longer interventions may reach ceiling
effects. In such cases, increased treatment duration would merely maintain the established benefits rather than increase them. In regards to
session length, nearly all studies involved sessions lasting approximately
an hour, resulting in limited between-study variance for this moderator.
Notably, the three physical exercise studies producing the largest effects involved distinct styles of exercise, including a strength
conditioning intervention (Anderson-Hanley et al., 2010), two
trials assessing strength and aerobic training separately (Scherder
et al., 2005) and a combined aerobic/strength exercise program
(Powell, 1974). For the cognitive training studies, the largest effect
derived from a training trial of verbal working memory, which
would have clearly stimulated the executive system throughout the
intervention (Borella et al., 2010). Similarly, the second largest
effect derived from a program involving “conversation, memoryprovoking exercises, and problem-solving techniques” (Quayhagen & Quayhagen, 1989, p. 151); however, these researchers
provided only a very brief description of their intervention.

In combination with past research findings, the evidence synthesized by the current meta-analysis emphasizes a triad of treatment features important for more multifaceted behavioral interventions targeting executive functions, specifically mental
stimulation (Woods et al., 2012), physical exercise (Colcombe et
al., 2004), and social engagement (Seeman et al., 2011). In turn,
the most efficacious interventions likely involve older adults regularly exercising their body and mind in enjoyable social settings.

Executive Functions and Everyday Life
Cognitive training and physical exercise interventions showed
remarkable divergence in terms of their impact on different executive constructs. Notably, problem solving was associated with the
largest effect size for cognitive training, but the effect of physical
exercise on this construct did not differ reliably from zero. Problem solving is a relevant skill in many activities of daily living
requiring a less-than-habitual program of action, from preparing
food or planning the attire for the day to dealing with unpredictable
situations such as a car breakdown or being rerouted while driving.
Considering the importance of this construct in daily life, cognitive

Table 4
Weighted Correlations Between Effect Sizes (Dppc) and Study Characteristics
Physical exercise

Study features
Participant features
Treatment features

Note.

Cognitive training

Moderator

rw

df

p

95% CI

Moderator

rw

df

p

95% CI

Year
PEDro
Age
% Male
MMSE
Session frequency
Session length
Treatment length

0.24
⫺0.14
0.01
⫺0.23
0.13
0.12
0.00
0.04

31
31
31
31
24
31
31
31

.18
.45
.96
.21
.66
.53
.98
.83

[⫺0.11, 0.55]
[⫺0.47, 0.22]
[⫺0.34, 0.36]
[⫺0.54, 0.13]
[⫺0.23, 0.45]
[⫺0.24, 0.45]
[⫺0.35, 0.35]
[⫺0.31, 0.38]

Year
PEDro
Age
% Male
MMSE
Session frequency
Session length
Treatment length

⫺0.42
⫺0.19
⫺0.37
0.34
0.43
0.14
⫺0.08
⫺0.07

25
25
25
22
12
25
23
25

.03
.34
.06
.11
.15
.50
.69
.73

[⫺0.69, ⫺0.04]
[⫺0.54, 0.21]
[⫺0.67, 0.01]
[⫺0.05, 0.64]
[0.05, 0.70]
[⫺0.26, 0.50]
[⫺0.46, 0.31]
[⫺0.45, 0.33]

Correlation values represent weighted correlations. CI ⫽ confidence interval; MMSE ⫽ Mini-Mental State Examination.
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Figure 4.

841

Scatter plots of effect sizes by year and study quality (PEDro).

training likely serves as a better treatment than physical exercise to
enhance problem solving among older adults.
Cognitive training also presented a potential advantage at improving working memory, and physical exercise produced a modest effect as well. Notably, working memory remains a limited and
less malleable capacity system, and as such it is not surprising that
studies have documented performance gains that are only moderately transferable to other abilities required in everyday life activities (Dahlin, Nyberg, Båckman, & Neely, 2008). Nonetheless,
both treatment styles appear to at least slightly benefit working
memory, indicating the importance of such lifestyle interventions
to maintain this ability into later age. As a construct related to
working memory, fluency presented modest effects across treatment modalities, with a clear advantage of cognitive training.
Although cognitive training produced larger effects for most constructs, physical exercise showed an advantage specific to executive
attention, although the treatment-related effect for this construct remained quite modest. Enhancement of executive control over attention (as demonstrated by rapid and efficient attentional switching from
one stimulus to another when the contingencies of the environment
change) has a positive effect on other abilities such as fluid intelligence (Karbach & Kray, 2009), which are relevant to everyday
behaviors in an ever-changing environment. The advantage of physical exercise at improving this construct ensures its place in combined
treatments targeting such higher-order cognitive abilities.
Finally, according to the current results, inhibitory control appears
to be far less malleable than any other executive function in response
to either intervention, demonstrating the lowest weighted mean effect
size for physical exercise and second lowest for cognitive training.
Studies on aging have rather consistently shown that increased age is
associated with decreased performance on inhibitory tasks (Jurado &
Roselli, 2007). The negative impact of a decreased inhibitory control
may generalize to other goal-directed behaviors in older adults (Darowski et al., 2008) and neither cognitive training nor physical exercise may be effective at minimizing this decline.

Future Directions
Although combined treatments did not fit within the scope of the
meta-analysis, the systematic review came across a small sample of
combined treatment studies (Fabre, Chamari, Mucci, Massé-Biron, &
Préfaut, 2002; Legault et al., 2011; Oswald, Gunzelmann, Rupprecht,
& Hagen, 2006). Considering the saturated field of physical and
cognitive interventions, these multifaceted designs likely characterize

the future of behavioral intervention research among older adults
(Thom & Clare, 2011). With the well-documented neurorehabilitative
qualities of exercise (Colcombe & Kramer, 2003) and cognitive
training (Sitzer, Twamley, & Jeste, 2006), the combined influence of
these interventions requires further exploration to assess their collective influence on cognitive wellbeing at later age.
Encouraged to combine treatment strategies, researchers and
practitioners must design holistic behavioral programs, incorporating an array of strategies to improve cognitive health outcomes
throughout later age. In addition to the benefits of exercise and
cognitive training, social engagement (Seeman et al., 2011) and
dietary change (Karr, Alexander, & Winningham, 2011; Mattson,
2000) have similarly presented cognitive benefits among older
adults. As the empirical support grows for multidimensional therapies, researchers must validate more comprehensive interventions; however, they must also maintain their simplicity to encourage their mobilization into community, retirement, and clinical
settings. Such person-centered approaches encourage patients’
control over cognitive aging, providing practical lifestyle solutions
to maintain a healthy mind into later age.

References
References marked with an asterisk indicate studies included in the
meta-analysis.
Anderson, P. (2002). Assessment and development of executive function
(EF) during childhood. Child Neuropsychology, 8, 71– 82. doi:10.1076/
chin.8.2.71.8724
ⴱ
Anderson-Hanley, C., Nimon, J., & Westen, S. (2010). Cognitive health
benefits of strengthening exercise for community-dwelling older adults.
Journal of Clinical and Experimental Neuropsychology, 32, 996 –1001.
doi:10.1080/13803391003662702
Baddeley, A. (1996). The fractionation of working memory. Proceedings
of the National Academy of Sciences of the United States of America, 93,
13468 –13472. doi:10.1073/pnas.93.24.13468
Ball, K., Berch, D., Helmers, K., Jobe, J., Leveck, M., Marsiske, M., . . .
Willis, S. (2002). Effects of cognitive training interventions with older
adults: A randomized controlled trial. Journal of the American Medical
Association, 288, 2271–2281. doi:10.1001/jama.288.18.2271
Bangert-Drowns, R. L. (1986). Review of developments in meta-analytic
method. Psychological Bulletin, 99, 388 –399. doi:10.1037/0033-2909
.99.3.388
ⴱ
Barry, A., Steinmetz, J., Page, H., & Rodahl, K. (1966). The effects of
physical conditioning on older individuals. II. Motor performance and
cognitive function. Journal of Gerontology, 21, 192–199.

842

This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

ⴱ

KARR, ARESHENKOFF, RAST, AND GARCIA-BARRERA

Blumenthal, J. A., Emery, C. F., Madden, D. J., & George, L. K. (1989).
Cardiovascular and behavioral effects of aerobic exercise training in
healthy older men and women. Journal of Gerontology, 44, M147–
M157. doi:10.1093/geronj/44.5.M147
ⴱ
Borella, E., Carretti, B., Riboldi, F., & De Beni, R. (2010). Working
memory training in older adults: Evidence of transfer and maintenance
effects. Psychology and Aging, 25, 767–778. doi:10.1037/a0020683
Borkowski, J. G., & Burke, J. E. (1996). Theories, models, and measurements of executive functioning: An information processing perspective.
In G. R. Lyon & N. A. Krasnegor (Eds.), Attention, memory, and
executive function (pp. 235–261). Baltimore, MD: Brookes.
ⴱ
Bottino, C. C., Carvalho, I. M., Alvarez, A. A., Avila, R., Zukauskas,
P. R., Bustamante, S. Z., . . . Camargo, C. P. (2005). Cognitive rehabilitation combined with drug treatment in Alzheimer’s disease patients:
A pilot study. Clinical Rehabilitation, 19, 861– 869. doi:10.1191/
0269215505cr911oa
Boyle, P. A., Malloy, P. F., Salloway, S., Cahn-Weiner, D. A., Cohen, R.,
& Cummings, J. L. (2003). Executive dysfunction and apathy predict
functional impairment in Alzheimer disease. The American Journal of
Geriatric Psychiatry, 11, 214 –221. doi:10.1097/00019442-20030300000012
Braver, T. S., & Barch, D. M. (2002). A theory of cognitive control, aging
cognition, and neuromodulation. Neuroscience and Biobehavioral Reviews, 26, 809 – 817. doi:10.1016/S0149-7634(02)00067-2
ⴱ
Brown, A., Liu-Ambrose, T., Tate, R., & Lord, S. (2009). The effect of
group-based exercise on cognitive performance and mood in seniors
residing in intermediate care and self-care retirement facilities: A randomised controlled trial. British Journal of Sports Medicine, 43, 608 –
614. doi:10.1136/bjsm.2008.049882
ⴱ
Buiza, C., Etxeberria, I., Galdona, N., González, M., Arriola, E., López de
Munain, A., . . . Yanguas, J. (2008). A randomized, two-year study of the
efficacy of cognitive intervention on elderly people: The Donostia
Longitudinal Study. International Journal of Geriatric Psychiatry, 23,
85–94. doi:10.1002/gps.1846
Burke, S., & Barnes, C. (2006). Neural plasticity in the ageing brain.
Nature Reviews Neuroscience, 7, 30 – 40. doi:10.1038/nrn1809
Cahn-Weiner, D. A., Boyle, P. A., & Malloy, P. F. (2002). Tests of
executive function predict instrumental activities of daily living in
community-dwelling older individuals. Applied Neuropsychology, 9,
187–191. doi:10.1207/S15324826AN0903_8
ⴱ
Cahn-Weiner, D. A., Malloy, P. F., Rebok, G. W., & Ott, B. R. (2003).
Results of a randomized placebo-controlled study of memory training
for mildly impaired Alzheimer’s disease patients. Applied Neuropsychology, 10, 215–223. doi:10.1207/s15324826an1004_3
ⴱ
Calero, M., & Navarro, E. (2007). Cognitive plasticity as a modulating
variable on the effects of memory training in elderly persons. Archives
of Clinical Neuropsychology, 22, 63–72. doi:10.1016/j.acn.2006.06.020
ⴱ
Ceccato, E., Vigato, G., Bonetto, C., Bevilacqua, A., Pizziolo, P., Crociani, S., . . . Barchi, E. (2012). STAM protocol in dementia: A
multicenter, single-blind, randomized, and controlled trial. American
Journal of Alzheimer’s Disease and Other Dementias, 27, 301–310.
doi:10.1177/1533317512452038
ⴱ
Clare, L., Linden, D., Woods, R., Whitaker, R., Evans, S., Parkinson, C.,
. . . Rugg, M. (2010). Goal-oriented cognitive rehabilitation for people
with early-stage Alzheimer disease: A single-blind randomized controlled trial of clinical efficacy. The American Journal of Geriatric
Psychiatry, 18, 928 –939. doi:10.1097/JGP.0b013e3181d5792a
Clare, L., Woods, R., Moniz Cook, E., Orrell, M., & Spector, A. (2003).
Cognitive rehabilitation and cognitive training for early-stage Alzheimer’s disease and vascular dementia. Cochrane Database of Systematic
Reviews, 4, CD003260.
Colcombe, S., & Kramer, A. (2003). Fitness effects on the cognitive
function of older adults: A meta-analytic study. Psychological Science,
14, 125–130. doi:10.1111/1467-9280.t01-1-01430

Colcombe, S., Kramer, A., Erickson, K., Scalf, P., McAuley, E., Cohen, N.,
. . . Elavsky, S. (2004). Cardiovascular fitness, cortical plasticity, and
aging. Proceedings of the National Academy of Sciences of the United
States of America, 101(9), 3316 –3321. doi:10.1073/pnas.0400266101
Conover, W. J. (1999). Practical nonparametric statistics (3rd ed.). New
York, NY: Wiley.
Cooper, H., Hedges, L. V., & Valentine, J. C. (Eds.). (2009). The handbook
of research synthesis and meta-analysis. New York, NY: Russell Sage
Foundation.
ⴱ
Craik, F. I. M., Winocur, G., Palmer, H., Binns, M. A., Edwards, M.,
Bridges, K., . . . Stuss, D. T. (2007). Cognitive rehabilitation in the
elderly: Effects on memory. Journal of the International Neuropsychological Society, 13, 132–142. doi:10.1017/S1355617707070166
Dahlin, E., Nyberg, L., Bäckman, L., & Neely, A. S. (2008). Plasticity of
executive functioning in young and older adults: Immediate training
gains, transfer, and long-term maintenance. Psychology and Aging, 23,
720 –730. doi:10.1037/a0014296
Darowski, E. S., Helder, E., Zacks, R. T., Hasher, L., & Hambrick, D. Z.
(2008). Age-related differences in cognition: The role of distraction control.
Neuropsychology, 22, 638 – 644. doi:10.1037/0894-4105.22.5.638
ⴱ
Davis, R., Massman, P., & Doody, R. (2001). Cognitive intervention in
Alzheimer disease: A randomized placebo-controlled study. Alzheimer
Disease and Associated Disorders, 15, 1–9.
DerSimonian, R., & Laird, N. (1986). Meta-analysis in clinical trials. Controlled Clinical Trials, 7, 177–188. doi:10.1016/0197-2456(86)90046-2
Di, X., Rypma, B., & Biswal, B. B. (2014). Correspondence of executive
function related functional and anatomical alterations in aging brain.
Progress in Neuro-Psychopharmacology and Biological Psychiatry, 48,
41–50. doi:10.1016/j.pnpbp.2013.09.001
Fabre, C., Chamari, K., Mucci, P., Massé-Biron, J., & Préfaut, C. (2002).
Improvement of cognitive function by mental and/or individualized
aerobic training in healthy elderly subjects. International Journal of
Sports Medicine, 23, 415– 421. doi:10.1055/s-2002-33735
Fratiglioni, L., Paillard-Borg, S., & Winblad, B. (2004). An active and socially
integrated lifestyle in late life might protect against dementia. The Lancet
Neurology, 3, 343–353. doi:10.1016/S1474-4422(04)00767-7
Gates, N., & Valenzuela, M. (2010). Cognitive exercise and its role in
cognitive function in older adults. Current Psychiatry Reports, 12,
20 –27. doi:10.1007/s11920-009-0085-y
Goldman-Rakic, P. S. (1996). The prefrontal landscape: Implications of
functional architecture for understanding human mentation and the central executive. Philosophical Transactions of the Royal Society of London Series B, Biological sciences, 351, 1445–1453. doi:10.1098/rstb
.1996.0129
Greenwood, P. M., & Parasuraman, R. (2010). Neuronal and cognitive
plasticity: A neurocognitive framework for ameliorating cognitive aging. Frontiers in Aging Neuroscience, 2. doi:10.3389/fnagi.2010.00150
Grigsby, J., Kaye, K., Baxter, J., Shetterly, S. M., & Hamman, R. F. (1998).
Executive cognitive abilities and functional status among communitydwelling older persons in the San Luis Valley Health and Aging Study.
Journal of the American Geriatrics Society, 46, 590 –596.
Gunning-Dixon, F. M., & Raz, N. (2003). Neuroanatomical correlates of
selected executive functions in middle-aged and older adults: A prospective MRI study. Neuropsychologia, 41, 1929 –1941. doi:10.1016/
S0028-3932(03)00129-5
ⴱ
Hawkins, H., Kramer, A., & Capaldi, D. (1992). Aging, exercise, and
attention. Psychology and Aging, 7, 643– 653.
Herrmann, N., Chau, S., Kircanski, I., & Lanctot, K. (2011). Current and
emerging drug treatment options for Alzheimer’s disease: A systematic
review. Drugs, 71, 2031–2065. doi:10.2165/11595870-000000000-00000
Heyn, P., Abreu, B., & Ottenbacher, K. (2004). The effects of exercise
training on elderly persons with cognitive impairment and dementia: A
meta-analysis. Archives of Physical Medicine and Rehabilitation, 85,
1694 –1704. doi:10.1016/j.apmr.2004.03.019

This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

PHYSICAL EXERCISE, COGNITIVE TRAINING, AND EXECUTIVE FUNCTIONS
Heyn, P. C., Johnsons, K. E., & Kramer, A. F. (2008). Endurance and
strength training outcomes on cognitively impaired and cognitively
intact older adults: A meta-analysis. The Journal of Nutrition Health and
Aging, 12, 401– 409. doi:10.1007/BF02982674
Huedo-Medina, T., Sánchez-Meca, J., Marín-Martínez, F., & Botella, J.
(2006). Assessing heterogeneity in meta-analysis: Q statistic or I2 index?
Psychological Methods, 11, 193–206. doi:10.1037/1082-989X.11.2.193
Johnson, J. K., Lui, L. Y., & Yaffe, K. (2007). Executive function, more
than global cognition, predicts functional decline and mortality in elderly
women. The Journals of Gerontology Series A: Biological Sciences and
Medical Sciences, 62, 1134 –1141. doi:10.1093/gerona/62.10.1134
Jurado, M. B., & Roselli, M. (2007). The elusive nature of executive
functions: A review of our current understanding. Neuropsychological
Review, 17, 213–233. doi:10.1007/s11065-007-9040-z
Karbach, J., & Kray, J. (2009). How useful is executive control training?
Age differences in near and far transfer of task-switching training.
Developmental Science, 12, 978 –990. doi:10.1111/j.1467-7687.2009
.00846.x
Karr, J. E., Alexander, J. E., & Winningham, R. G. (2011). Omega-3
polyunsaturated fatty acids and cognition throughout the lifespan: A
review. Nutritional Neuroscience, 14, 216 –225. doi:10.1179/
2161476830511Y.0000000012
ⴱ
Kimura, K., Obuchi, S., Arai, T., Nagasawa, H., Shiba, Y., Watanabe, S.,
& Kojima, M. (2010). The influence of short-term strength training on
health-related quality of life and executive cognitive function. Journal of
Physiological Anthropology, 29, 95–101.
ⴱ
Klusmann, V., Evers, A., Schwarzer, R., Schlattmann, P., Reischies,
F. M., Heuser, I., & Dimeo, F. C. (2010). Complex mental and physical
activity in older women and cognitive performance: A 6-month randomized controlled trial. The Journals of Gerontology: Series A: Biological
Sciences and Medical Sciences, 65, 680 – 688. doi:10.1093/gerona/
glq053
Kramer, A. F., & Erickson, K. I. (2007). Capitalizing on cortical plasticity:
Influence of physical activity on cognition and brain function. Trends in
Cognitive Sciences, 11, 342–348. doi:10.1016/j.tics.2007.06.009
Kramer, A. F., Hahn, S., Cohen, N., Banich, M., McAuley, E., Harrison,
C., . . . Colcombe, A. (1999). Ageing, fitness and neurocognitive
function. Nature, 400, 418 – 419. doi:10.1038/22682
Kurz, A. F., Leucht, S., & Lautenschlager, N. T. (2011). The clinical
significance of cognition-focused interventions for cognitively impaired
older adults: A systematic review of randomized controlled trials. International Psychogeriatrics, 23, 1364 –1375. doi:10.1017/S10416102
11001001
ⴱ
Legault, C., Jennings, J. M., Katula, J. A., Dagenbach, D., Gaussoin,
S. A., Sink, K. M., . . . Espeland, M. A. (2011). Designing clinical trials
for assessing the effects of cognitive training and physical activity
interventions on cognitive outcomes: The Seniors Health and Activity
Research Program Pilot (SHARP-P) Study, a randomized controlled
trial. BMC Geriatrics, 11, 27. doi:10.1186/1471-2318-11-27
Lezak, M., Howieson, D. B., Bigler, E. D., & Tranel, D. (2012). Neuropsychological assessment (5th ed.). New York, NY: Oxford University
Press.
ⴱ
Liu-Ambrose, T., Donaldson, M., Ahamed, Y., Graf, P., Cook, W., Close,
J., . . . Khan, K. (2008). Otago home-based strength and balance
retraining improves executive functioning in older fallers: A randomized
controlled trial. Journal of the American Geriatrics Society, 56, 1821–
1830.
Liu-Ambrose, T., Nagamatsu, L., Graf, P., Beattie, B., Ashe, M., & Handy,
T. (2010). Resistance training and executive functions: A 12-month
randomized controlled trial. Archives of Internal Medicine, 170, 170 –
178. doi:10.1001/archinternmed.2009.494
ⴱ
Liu-Ambrose, T., Nagamatsu, L., Voss, M., Khan, K., & Handy, T.
(2012). Resistance training and functional plasticity of the aging brain:

843

A 12-month randomized controlled trial. Neurobiology of Aging, 33,
1690 –1698. doi:10.1016/j.neurobiolaging.2011.05.010
ⴱ
Madden, D., Blumenthal, J., Allen, P., & Emery, C. (1989). Improving
aerobic capacity in healthy older adults does not necessarily lead to
improved cognitive performance. Psychology and Aging, 4, 307–320.
doi:10.1037/0882-7974.4.3.307
Maher, C., Sherrington, C., Herbert, R., Moseley, A., & Elkins, M. (2003).
Reliability of the PEDro scale for rating quality of randomized controlled trials. Physical Therapy, 83, 713–721.
ⴱ
Maki, Y., Ura, C., Yamaguchi, T., Murai, T., Isahai, M., Kaiho, A., . . .
Yamaguchi, H. (2012). Effects of intervention using a community-based
walking program for prevention of mental decline: A randomized controlled trial. Journal of the American Geriatrics Society, 60, 505–510.
doi:10.1111/j.1532-5415.2011.03838.x
ⴱ
Margrett, J. A., & Willis, S. L. (2006). In-home cognitive training with older
married couples: Individual versus collaborative learning. Aging, Neuropsychology, and Cognition, 13, 173–195. doi:10.1080/138255890969285
Marín-Martínez, F., & Sánchez-Meca, J. (1999). Averaging dependent effect sizes
in meta-analysis: A cautionary note about procedures. The Spanish Journal of
Psychology, 2, 32–38. doi:10.1017/S1138741600005436
Martyr, A., & Clare, L. (2012). Executive function and activities of daily
living in Alzheimer’s disease: A correlational meta-analysis. Dementia
and Geriatric Cognitive Disorders, 33, 189 –203. doi:10.1159/
000338233
Mattson, M. (2000). Neuroprotective signaling and the aging brain: Take
away my food and let me run. Brain Research, 886, 47–53. doi:10.1016/
S0006-8993(00)02790-6
Miller, E. K., & Cohen, J. D. (2001). An integrative theory of prefrontal
cortex function. Annual Review of Neuroscience, 24, 167–202. doi:
10.1146/annurev.neuro.24.1.167
Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, A.,
& Wager, T. D. (2000). The unity and diversity of executive functions
and their contributions to complex “frontal lobe” tasks: A latent variable
analysis. Cognitive Psychology, 41, 49 –100. doi:10.1006/cogp.1999
.0734
Moher, D., Liberati, A., Tetzlaff, J., Altman, D., & the PRISMA Group.
(2009). Preferred reporting items for systematic reviews and metaanalyses: The PRISMA statement. Annals of Internal Medicine, 151,
264 –269. doi:10.7326/0003-4819-151-4-200908180-00135
ⴱ
Molloy, D., Richardson, L., & Crilly, R. (1988). The effects of a threemonth exercise programme on neuropsychological function in elderly
institutionalized women: A randomized controlled trial. Age and Ageing,
17, 303–310.
ⴱ
Moro, V., Condoleo, M. T., Sala, F., Pernigo, S., Moretto, G., & Gambina,
G. (2012). Cognitive stimulation in a-MCI: An experimental study.
American Journal of Alzheimer’s Disease and Other Dementias, 27,
121–130. doi:10.1177/1533317512441386
Morris, S. B. (2008). Estimating effect sizes from pretest-posttest-control
group designs. Organizational Research Methods, 11, 364 –386. doi:
10.1177/1094428106291059
ⴱ
Moul, J., Goldman, B., & Warren, B. (1995). Physical activity and
cognitive performance in the older population. Journal of Aging and
Physical Activity, 3, 135–145.
Mozolic, J. L., Hayasaka, S., & Laurienti, P. J. (2010). A cognitive training
intervention increases resting cerebral blood flow in healthy older adults.
Frontiers in Human Neuroscience, 4. doi:10.3389/neuro.09.016.2010
ⴱ
Mozolic, J. L., Long, A. B., Morgan, A. R., Rawley-Payne, M., &
Laurienti, P. J. (2011). A cognitive training intervention improves
modality-specific attention in a randomized controlled trial of healthy
older adults. Neurobiology of Aging, 32, 655– 668. doi:10.1016/j
.neurobiolaging.2009.04.013
Nigg, J. T. (2000). On inhibition/disinhibition in developmental psychopathology: Views from cognitive and personality psychology and a

This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

844

KARR, ARESHENKOFF, RAST, AND GARCIA-BARRERA

working inhibition taxonomy. Psychological Bulletin, 126, 220 –246.
doi:10.1037/0033-2909.126.2.220
ⴱ
Nouchi, R., Taki, Y., Takeuchi, H., Hashizume, H., Akitsuki, Y., Shigemune, Y., . . . Kawashima, R. (2012). Brain training game improves
executive functions and processing speed in the elderly: A randomized
controlled trial. PloS ONE, 7, e29676. doi:10.1371/journal.pone
.0029676
ⴱ
Oken, B., Zajdel, D., Kishiyama, S., Flegal, K., Dehen, C., Haas, M., . . .
Leyva, J. (2006). Randomized, controlled, six-month trial of yoga in
healthy seniors: Effects on cognition and quality of life. Alternative
Therapies in Health and Medicine, 12, 40 – 47.
Oswald, W. D., Gunzelmann, T., Rupprecht, R., & Hagen, B. (2006).
Differential effects of single versus combined cognitive and physical
training with older adults: The SimA study in a 5-year perspective.
European Journal of Ageing, 3, 179 –192. doi:10.1007/s10433-0060035-z
Park, D. C., & Reuter-Lorenz, P. (2009). The adaptive brain: Aging and
neurocognitive scaffolding. Annual Review of Psychology, 60, 173–196.
doi:10.1146/annurev.psych.59.103006.093656
Pereira, F. S., Yassuda, M. S., Oliveira, A. M., & Forlenza, O. V. (2008).
Executive dysfunction correlates with impaired functional status in older
adults with varying degrees of cognitive impairment. International Psychogeriatrics, 20, 1104 –1115. doi:10.1017/S1041610208007631
ⴱ
Peretz, C., Korczyn, A., Shatil, E., Aharonson, V., Birnboim, S., & Giladi,
N. (2011). Computer-based, personalized cognitive training versus classical computer games: A randomized double-blind prospective trial of
cognitive stimulation. Neuroepidemiology, 36, 91–99. doi:10.1159/
000323950
Posner, M. I., & Rothbart, M. K. (2007). Research on attention networks as
a model for the integration of psychological science. Annual Review of
Psychology, 58, 1–23. doi:10.1146/annurev.psych.58.110405.085516
ⴱ
Powell, R. (1974). Psychological effects of exercise therapy upon institutionalized geriatric mental patients. Journal of Gerontology, 29, 157–
161. doi:10.1093/geronj/29.2.157
ⴱ
Quayhagen, M. P., & Quayhagen, M. (1989). Differential effects of
family-based strategies on Alzheimer’s disease. The Gerontologist, 29,
150 –155. doi:10.1093/geront/29.2.150
ⴱ
Quayhagen, M. P., Quayhagen, M., Corbeil, R., Hendrix, R., Jackson, J.,
Snyder, L., & Bower, D. (2000). Coping with dementia: Evaluation of
four nonpharmacologic interventions. International Psychogeriatrics,
12, 249 –265. doi:10.1017/S1041610200006360
ⴱ
Quayhagen, M. P., Quayhagen, M., Corbeil, R., Roth, P., & Rodgers, J.
(1995). A dyadic remediation program for care recipients with dementia.
Nursing Research, 44, 153–159. doi:10.1097/00006199-19950500000005
ⴱ
Richmond, L. L., Morrison, A. B., Chein, J. M., & Olson, I. R. (2011).
Working memory training and transfer in older adults. Psychology and
Aging, 26, 813– 822. doi:10.1037/a0023631
Rosenberg, M. S. (2005). The file-drawer problem revisited: A general
weighted method for calculating fail-safe numbers in meta-analysis.
Evolution, 59, 464 – 468. doi:10.1111/j.0014-3820.2005.tb01004.x
Rosenthal, R. (1979). The file drawer problem and tolerance for null
results. Psychological Bulletin, 86, 638 – 641. doi:10.1037/0033-2909.86
.3.638
Rosenthal, R., & Rubin, D. B. (1986). Meta-analytic procedures for combining studies with multiple effect sizes. Psychological Bulletin, 99,
400 – 406. doi:10.1037/0033-2909.99.3.400
Salthouse, T. A., Atkinson, T. M., & Berish, D. E. (2003). Executive
functioning as a potential mediator of age-related cognitive decline in
normal adults. Journal of Experimental Psychology, 132, 566 –594. doi:
10.1037/0096-3445.132.4.566
ⴱ
Scherder, E., Van Paasschen, J., Deijen, J., Van Der Knokke, S., Orlebeke,
J., Burgers, I., . . . Sergeant, J. (2005). Physical activity and executive

functions in the elderly with mild cognitive impairment. Aging & Mental
Health, 9, 272–280. doi:10.1080/13607860500089930
ⴱ
Schwenk, M., Zieschang, T., Oster, P., & Hauer, K. (2010). Dual-task
performances can be improved in patients with dementia: A randomized
controlled trial. Neurology, 74, 1961–1968.
Seeman, T. E., Miller-Martinez, D. M., Merkin, S., Lachman, M. E., Tun,
P. A., & Karlamangla, A. S. (2011). Histories of social engagement and
adult cognition: Midlife in the U.S. study. The Journals of Gerontology:
Series B: Psychological Sciences and Social Sciences, 66B, i141–i152.
doi:10.1093/geronb/gbq091
Sitzer, D., Twamley, E., & Jeste, D. (2006). Cognitive training in Alzheimer’s disease: A meta-analysis of the literature. Acta Psychiatrica Scandinavica, 114, 75–90. doi:10.1111/j.1600-0447.2006.00789.x
Smith, G., Housen, P., Yaffe, K., Ruff, R., Kennison, R., Mahncke, H., &
Zelinski, E. (2009). A cognitive training program based on principles of
brain plasticity: Results from the Improvement in Memory with
Plasticity-based Adaptive Cognitive Training (IMPACT) study. Journal
of the American Geriatrics Society, 57, 594 – 603. doi:10.1111/j.15325415.2008.02167.x
Smith, P., Blumenthal, J., Hoffman, B., Cooper, H., Strauman, T., WelshBohmer, K., . . . Sherwood, A. (2010). Aerobic exercise and neurocognitive performance: A meta-analytic review of randomized controlled
trials. Psychosomatic Medicine, 72, 239 –252. doi:10.1097/PSY
.0b013e3181d14633
ⴱ
Stine-Morrow, E., Parisi, J., Morrow, D., & Park, D. (2008). The effects
of an engaged lifestyle on cognitive vitality: A field experiment. Psychology and Aging, 23, 778 –786.
ⴱ
Stuss, D., Robertson, I., Craik, F., Levine, B., Alexander, M., Black, S.,
. . . Winocur, G. (2007). Cognitive rehabilitation in the elderly: A
randomized trial to evaluate a new protocol. Journal of the International
Neuropsychological Society, 13, 120 –131. doi:10.1017/S135561770
7070154
ⴱ
Suzuki, T., Shimada, H., Makizako, H., Doi, T., Yoshida, D., Tsutsumimoto, K., . . . Park, H. (2012). Effects of multicomponent exercise on
cognitive function in older adults with amnestic mild cognitive impairment: A randomized controlled trial. BMC Neurology, 12(128. doi:
10.1186/1471-2377-12-128
Thom, J. M., & Clare, L. (2011). Rationale for combined exercise and
cognition-focused interventions to improve functional independence in
people with dementia. Gerontology, 57, 265–275. doi:10.1159/
000322198
Turner, G. R., & Spreng, R. N. (2012). Executive functions and neurocognitive aging: Dissociable patterns of brain activity. Neurobiology of
Aging, 33, 826.e1– 826.e13. doi:10.1016/j.neurobiolaging.2011.06.005
Valenzuela, M., & Sachdev, P. (2009). Can cognitive exercise prevent the
onset of dementia? Systematic review of randomized clinical trials with
longitudinal follow-up. The American Journal of Geriatric Psychiatry,
17, 179 –187. doi:10.1097/JGP.0b013e3181953b57
van Uffelen, J., Chin A Paw, M., Hopman-Rock, M., & van Mechelen, W.
(2008). The effects of exercise on cognition in older adults with and
without cognitive decline: A systematic review. Clinical Journal of
Sport Medicine, 18(6), 486 –500. doi:10.1097/JSM.0b013e3181845f0b
ⴱ
van Uffelen, J., Chinapaw, M., van Mechelen, W., & Hopman-Rock, M.
(2008). Walking or vitamin B for cognition in older adults with mild
cognitive impairment? A randomised controlled trial. British Journal of
Sports Medicine, 42, 344 –351.
ⴱ
Vance, D., Dawson, J., Wadley, V., Edwards, J., Roenker, D., Rizzo, M.,
& Ball, K. (2007). The accelerate study: The longitudinal effect of speed
of processing training on cognitive performance of older adults. Rehabilitation Psychology, 52, 89 –96. doi:10.1037/0090-5550.52.1.89
Vemuri, P., Wiste, H. J., Weigand, S. D., Knopman, D. S., Trojanowski,
J. Q., Shaw, L. M., . . . Jack, C. R. (2010). Serial MRI and CSF
biomarkers in normal aging, MCI, and AD. Neurology, 75, 143–151.
doi:10.1212/WNL.0b013e3181e7ca82

This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

PHYSICAL EXERCISE, COGNITIVE TRAINING, AND EXECUTIVE FUNCTIONS
Voss, M., Prakash, R., Erickson, K., Basak, C., Chaddock, L., Kim, J., . . .
Kramer, A. (2010). Plasticity of brain networks in a randomized intervention trial of exercise training in older adults. Frontiers in Aging
Neuroscience, 2. doi:10.3389/fnagi.2010.00032
ⴱ
Williams, P., & Lord, S. (1997). Effects of group exercise on cognitive
functioning and mood in older women. Australian and New Zealand
Journal of Public Health, 21, 45–52.
ⴱ
Williamson, J., Espeland, M., Kritchevsky, S., Newman, A., King, A.,
Pahor, M., & Miller, M. (2009). Changes in cognitive function in a
randomized trial of physical activity: Results of the lifestyle interventions and independence for elders pilot study. The Journals of Gerontology. Series A, Biological Sciences and Medical Sciences, 64, 688 –
694.
Woods, B., Aguirre, E., Spector, A., & Orrell, M. (2012). Cognitive
stimulation to improve cognitive functioning in people with dementia.
Cochrane Database of Systematic Reviews. Advance online publication.
doi:10.1002/14651858.CD005562.pub2
ⴱ
Yágüez, L., Shaw, K., Morris, R., & Matthews, D. (2011). The effects on
cognitive functions of a movement-based intervention in patients with
Alzheimer’s type dementia: A pilot study. International Journal of
Geriatric Psychiatry, 26, 173–181. doi:10.1002/gps.2510

Zaza, S., Wright-De Agüero, L., Briss, P., Truman, B., Hopkins, D.,
Hennessy, M., . . . Pappaioanou, M. (2000). Data collection instrument
and procedure for systematic reviews in the guide to community preventive services. Task force on community preventive services. American Journal of Preventive Medicine, 18, 44 –74. doi:10.1016/S07493797(99)00122-1
Zelazo, P., & Müller, U. (2011). Executive function in typical and atypical
development. In U. Goswami (Ed.), The Wiley-Blackwell handbook of
childhood cognitive development (2nd ed., pp. 574 – 603). Oxford, UK:
Wiley-Blackwell.
Zunzunegui, M. V., Alvarado, B. E., Del Ser, T., & Otero, A. (2003).
Social networks, social integration, and social engagement determine
cognitive decline in community-dwelling Spanish older adults. The
Journals of Gerontology Series B: Psychological Sciences and Social
Sciences, 58, S93–S100. doi:10.1093/geronb/58.2.S93

Received October 4, 2013
Revision received April 15, 2014
Accepted April 16, 2014 䡲

Correction to Wong et al. (2014)
In the article “Eye Movements Reveal Impaired Inhibitory Control in Adult Male Fragile X
Premutation Carriers Asymptomatic for FXTAS” by Ling M. Wong, Naomi J. Goodrich-Hunsaker,
Yingratana McLennan, Flora Tassone, Melody Zhang, Susan M. Rivera, and Tony J. Simon
(Neuropsychology, 2014, Vol. 28, No. 4, pp. 571–584. doi:10.1037/neu0000066), references to
“number of anticipatory saccades” in the prosaccade and antisaccade tasks should actually refer to
“percentage of trials with anticipatory saccades.”
http://dx.doi.org/10.1037/neu0000144
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