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A B S T R A C T

Behavioral interventions to improve cognitive function in older adults are widespread and can vary from theater
classes to cognitive training programs. However, the effectiveness in maintaining different cognitive domains
varies greatly both across and within intervention types. To date, no systematic reviews have synthesized
findings across more than a few types of interventions (e.g., cognitive vs. exercise). This systematic review
examined 11 types of behavioral interventions and the respective transfer to 19 cognitive domains, as well as
transfer to everyday function. Study inclusion criteria were: peer-reviewed articles in English, samples of healthy
adults aged 65 and older, and randomized controlled trials of behavioral interventions with reported cognitive
outcomes. The 2017 search yielded 75 eligible articles comprising cognitive training, exercise training, com-
bination interventions, cognitively-stimulating activities, and action video games. In general, process- (n=26)
and strategy-based (n=16) cognitive training improved the trained domains but had weak transfer to non-
trained domains. Aerobic training (n= 13) most consistently improved executive function, and strength/re-
sistance (n=8) and aerobic/resistance combination training (n=6) most consistently improved cognitive in-
hibition and visual working memory. Combination interventions (n= 15 nonfactorial, n= 3 factorial) showed
promise in improving verbal delayed recall and executive function. Few studies examined cognitively-stimu-
lating activities or action video games, leaving inconclusive results about their effect on cognitive function. Few
studies examined everyday function (n= 9), however, process- and strategy-based training demonstrated no-
table long-term transfer. Recommendations for future research and practice are highlighted.

1. Introduction

Increased life expectancy and decreased mortality rates have re-
sulted in a substantial rise in the number of adults aged 65+ (Blazer
et al., 2015; Ortman et al., 2014). Coupled with an increased proportion
of older adults relative to working-age adults (Ortman et al., 2014),
population aging contributes to an imbalance between demand for re-
sources such as health and caregiving services, and the available supply
of financial, workforce, and social supports to provide these resources.
Cognitive impairment is a leading cause of disability in older adults,
with estimated costs of over $226 billion in 2015 (Andrews et al.,
2017). As impairments in fluid cognitive abilities, or abilities involving
adaptation or integration of novel information (Cattell, 1963), are

associated with future cognitive dysfunction (Pandya et al., 2017) and
loss of independence (Blazer et al., 2015; Hsu et al., 2017; Lau et al.,
2015; Tomaszewski Farias et al., 2018), preserving fluid abilities may
reduce cognitive impairment-related disability and the burdens asso-
ciated with disability. This systematic review examines the efficacy of a
breadth of behavioral interventions on cognitive function in healthy
older adults.

Currently, there are myriad programs promoting activities to help
cognition with varying levels of empirical support (Laditka et al.,
2012). Accumulating evidence suggests older adults and physicians
alike consistently identify three major activities as important for
maintaining cognitive function: social, cognitive, and physical activity
(Friedman et al., 2013, 2015; Kim et al., 2015). For this review, we
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refined and classified these activities into five broad areas: (1) cogni-
tively-stimulating activities, (2) cognitive training, (3) action video
games, (4) exercise training, and (5) combination interventions.

1.1. Cognitively-stimulating activities, cognitive training, and action video
games

Cognitively-stimulating activities capitalize on existing cognitive pro-
cesses and target general intellectual stimulation most commonly
through engagement in leisure activities (Park et al., 2007; Stine-
Morrow et al., 2014). Activities range broadly and include photography
(Park et al., 2014), crossword puzzles or other games (Verghese et al.,
2003), reading (Verghese et al., 2003), fine and performing art-based
activities such as playing musical instruments and acting (Verghese
et al., 2003), activities thought to increase cognitive reserve such as
education (Stern, 2002, 2003, 2013), and stress-reduction activities
(e.g., mindfulness) that incorporate cognitive elements such as atten-
tion regulation (Malinowski and Shalamanova, 2017). A large body of
observational retrospective work demonstrates that more engagement
in cognitively-stimulating activities is associated with better cognitive
function in later life (Barnes et al., 2006; Fountain-Zaragoza and
Prakash, 2017; Gard et al., 2014; Mitchell et al., 2012; Verghese et al.,
2003; Wayne et al., 2014; Wilson et al., 2003). The observational link
between engagement in cognitively-stimulating activities and better
cognitive function has implications for interventions incorporating
these activities (Stern, 2013). Although there is a scarcity of experi-
mental studies involving cognitively-stimulating activities, emerging
evidence suggests that some leisure activities such as volunteering or
photography that incorporate social, physical, and cognitive elements
can improve memory and reasoning (Carlson et al., 2008; Park et al.,
2014; Stine-Morrow et al., 2014).

Cognitive training is a specific type of cognitive intervention designed
to improve a targeted cognitive domain, usually through repeated
practice of cognitive tasks (Lampit et al., 2015b; Mowszowski et al.,
2016; Reijnders et al., 2013; Shah et al., 2017). There are two major
cognitive training types: process-based, which train cognitive domains
through adaptive practice of specific fluid tasks, and strategy-based,
which focus on teaching and practicing strategies, frequently mnemonic
devices for memory (Lustig et al., 2009). Generally, process-based and
strategy-based cognitive training improve the targeted ability (e.g.,
processing speed, attention, semantic memory, and reasoning; Ball
et al., 2002; Lustig et al., 2009), as well as everyday function (Edwards
et al., 2018; Lustig et al., 2009; Mowszowski et al., 2016; Ross et al.,
2016).

After the success of cognitive training interventions on improving
and maintaining cognitive function (e.g., Rebok et al., 2014; Willis
et al., 2006), there has been a surge in both commercializing empiri-
cally-valid cognitive training programs (e.g., Brain HQ, Posit Science;
Shah et al., 2017) and examining cognitive benefits of already-available
commercial games not explicitly designed to improve cognitive func-
tion (e.g., 3D immersive virtual reality games; García-Betances et al.,
2018; Shah et al., 2017). Such commercially-available games, called
action video games or serious games, may impact cognition through
improving discrimination, attention, and speed of processing skills (Dye
et al., 2009; Toril et al., 2014; Zelinski and Reyes, 2009). Observational
research demonstrates a relationship between action video game en-
gagement and better speed of processing and reasoning (Bediou et al.,
2018), and randomized controlled trials (RCTs) suggest such games
may improve cognitive function (Bediou et al., 2018).

1.2. Exercise and exergames

Exercise is related to better cognitive function in healthy older
adults (Barnes and Yaffe, 2011; Bherer et al., 2013; Colcombe and
Kramer, 2003; Kirk-Sanchez and McGough, 2014) and, along with
cognitive training and blood pressure management, is believed to be

one of the most promising avenues for dementia prevention (National
Academies of Sciences, Engineering, & Medicine, 2017). Observational
studies found associations between better cognition and both lifetime
(Gill et al., 2015) and late-life exercise engagement (Hamer et al.,
2013), suggesting that previously-inactive older adults may benefit
from exercise adoption. However, causality cannot be assumed in this
observational work as higher-functioning adults may be more likely to
adopt exercise behaviors due to ability or health literacy. Numerous
experimental studies have demonstrated that exercise interventions
improve cognitive abilities (Kelly et al., 2014b), but benefits have been
more consistent for aerobic training, or combined cardiovascular fitness
and resistance training (Colcombe and Kramer, 2003). Exercise most
consistently improves executive function (Colcombe and Kramer, 2003;
Kelly et al., 2014b); transfer effects to other cognitive domains have
been inconsistent (Kelly et al., 2014b).

Despite widespread knowledge about the benefits of exercise, few
older adults report engaging in such activities (Kruger et al., 2007). To
address this, research has shifted to identifying enjoyable, accessible
activities that benefit older adults. To that end, there is increasing in-
terest in exergames, or video games that include movement such as the
Xbox and Wii that incorporate cognitively-demanding activities but are
not explicitly designed to improve cognitive performance (Bediou et al.,
2018). A bout of exercise during exergaming can achieve similar energy
expenditure as other aerobic activities (Sween et al., 2014), suggesting
that exergames may confer benefits that are distinct from action video
games. A small but growing literature suggests older adults may receive
cognitive benefit from exergame engagement (Monteiro-Junior et al.,
2016).

1.3. Combination interventions

In an effort to save time and resources or determine which combi-
nation of activities is most beneficial for cognition, combination inter-
ventions are becoming increasingly popular. The rationale for combi-
nation interventions varies, but the underlying assumption, supported
by retrospective observational work (Wang et al., 2013), is that en-
gagement in a variety of healthful behaviors has additive benefits.
Typically, combination interventions combine cognitive and exercise
training because they have the strongest evidence of improving or
maintaining cognitive function in older adults (National Academies of
Sciences, 2017). Interventions combining cognitive and exercise
training suggest transfer to cognitive function in older adults (He et al.,
2018; Rahe et al., 2015), but others caution that the effects are not
greater compared to pure cognitive training (Zhu et al., 2016). In this
review, two combination interventions will be examined (adapted from
Collins, 2018): nonfactorial, or interventions that incorporate multiple
activities without evaluating each activity separately (e.g., dual-task
training, exergames), and factorial, or interventions that include both
combination and single-activity training (e.g., a combination physical
activity-cognitive training with separate physical activity and cognitive
training arms as well).

1.4. Transfer to everyday function

Another major issue in behavioral interventions for older adults is
the question of whether intervention gains transfer to everyday func-
tion. Everyday function is commonly assessed through self-report or
direct observation of simulated activities individuals do in their ev-
eryday life. Several authors have called for research on the transfer of
behavioral interventions to everyday function (Greenwood and
Parasuraman, 2016; Kelly et al., 2014a), but systematic reviews typi-
cally overlook intervention transfer to everyday function. To our
knowledge, only one meta-analysis examining Useful Field of View
training included everyday function outcomes (UFOV; Edwards et al.,
2018).
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1.5. Aims

To date, several systematic reviews and meta-analyses examined the
effect of specific behavioral interventions on cognitive function in older
adults (e.g., Kelly et al., 2014a, 2014b; Noice et al., 2013). However, to
our knowledge, there are no studies that synthesize findings across a
wide breadth of behavioral interventions. We address this gap through
an examination of cognitively-stimulating activities, cognitive training,
action video games, exercise training, and combination interventions.
Importantly, this review will emphasize comparisons between inter-
ventions, but will also consider within-intervention comparisons, ad-
dressing a limitation in the literature. Within- and between-intervention
comparisons are critical as there may be some intervention types with
similar strengths across trials of the same type (e.g., appropriate active
control groups), or with systematic weaknesses across trials (e.g., in-
adequate power). Additionally, identifying which interventions are best
at improving particular domains would better inform which combina-
tions of activities may be most potent for maintaining cognitive func-
tion in older adults with specific impairments. Intervention details
hypothesized to affect transfer, such as duration, adaptation (i.e., in-
creased difficulty to adjust for training gains), and follow-up period
(Kelly et al., 2014a) will be considered.

This systematic review critically evaluated the transfer of 11 types
of behavioral interventions on cognitive outcomes in healthy older
adults. Specifically, the aims of this systematic review were to (1)
summarize similarities and differences between cognitive intervention
types and their outcomes, (2) identify the behavioral intervention type
(s) that confer benefits across the most cognitive domains, and (3)
highlight cross-intervention limitations that should be addressed in
future behavioral RCTs. An exploratory aim was to examine how many
studies included everyday function and which interventions, if any,
conferred such benefits. In order to narrow the scope of this review, the
following behavioral interventions were examined: cognitively-stimu-
lating activities (education, art, and stress-reduction interventions),
cognitive (process- and strategy-based) training, action video games,
exercise (aerobic, strength/resistance, or aerobic/resistance combina-
tion), and combination (nonfactorial and factorial) interventions.

2. Methods

2.1. Search strategy and selection criteria

PubMed, PsycINFO, Cochrane Central Register of Controlled Trials,
International Clinical Trials Registry, and United States National
Institutes of Health databases were used to identify relevant articles
published before May 15, 2017. Searches were conducted from May 15
to June 2, 2017. For each search, three search terms were included to
represent (1) type of cognitive intervention, (2) cognitive outcomes,
and (3) healthy older population. Wildcard searches (denoted by *)
were used when appropriate. Search terms were compiled by all co-
authors based on search terms from previous systematic reviews and
meta-analyses and keywords from relevant empirical articles. The
search term for behavioral interventions included two components:
either cognit*, brain, exercise, activity, fitness, educ, exergam*, video
gam*, computer, mental stimulat*, cognit* stimulat*, social, mindful*,
yoga, relaxation, meditation, memory, executive function, processing,
attention, dual task, Wii, Nintendo, Xbox, Kinect, serious (i.e., serious
games), computer, aerobic, strength, flexibility, resistance, balance, or
dance; and a second component of either “train*” or “intervention.”
Each intervention term was combined with an outcome term, “cognit*,”
which was expected to include objective and subjective cognitive out-
comes. Finally, the population term, “healthy older adults,” was used to
include community-dwelling healthy older adults without a dementia
diagnosis. In total, 68 sets of search terms were used. Search results
were filtered by human subjects, written in English, and participants 65
and older. Additionally, meta-analysis and systematic review papers

(n=43 articles) were cross-referenced to manually search relevant
empirical articles not recovered with the search engines. See Appendix
A for the full list of reviews used for cross-reference. Articles included in
the systematic review are denoted by an asterisk in the References list.

The following inclusion criteria were used to identify eligible stu-
dies: (1) peer-reviewed, (2) an RCT with reported posttest results (i.e.,
not a protocol paper), (3) included at least one cognitive outcome, (4)
behavioral (i.e., not pharmaceutical), and (5) healthy and community-
dwelling older adults 65 years of age and older (i.e., no clinical diag-
nosis of mild cognitive impairment or other clinical-based population).
Multiple papers based on the same study sample were included. For
example, if several manuscripts using data from the Advanced
Cognitive Training for Independent and Vital Elderly (ACTIVE) trial
came up in the search results, they were all included for full evaluation
(Ball et al., 2002; Rebok et al., 2014; Willis et al., 2006). Four reviewers
(BNS, SAF, CEW, and JH) independently reviewed articles in-depth and
extracted data independently based on the inclusion criteria above.
Each article was cross-checked by at least one additional reviewer, and
any discrepancies between the two were discussed by additional re-
viewers (CBP, LAR) to achieve consensus.

2.2. Quality assessment

Methodological quality was assessed using a 10-item checklist
modified from the 2009 updated method guidelines for systematic re-
views in the Cochrane Back Review Group (Furlan et al., 2009) and
PEDro scale (Maher et al., 2003). The final items assessed: adequate
randomization, concealed treatment allocation, sufficient intervention
details, tester blinding to randomization, similar dropout rates across
training groups, intention-to-treat analysis, acceptable compliance, si-
milar assessment timing across groups, and freedom from reporting bias
(Appendix B). If information was omitted from the article, reviewers
referred to protocol papers and ClinicalTrials.gov. Each item was scored
either 1 (No), 2 (Unclear), or 3 (Yes), with a possible quality control
range of 10–30.

2.3. Operationalization of terms and domain organization

We a priori identified four types of control groups: no-contact
controls, social controls, active controls, and active+ social controls.
No-contact controls were controls in which there was no contact between
researchers and participants between assessments and included waitlist
controls. Social controls involved the same amount of interaction be-
tween participants and study staff but no reasonable expectation of the
activity improving cognitive function. For example, if the intervention
was a group-based education class of five participants that met once per
week for six weeks (60min/session), the social control would also need
to have the same amount of participant-to-participant and participant-
to-staff interaction quality conducted in groups of five participants once
per week for six weeks (60min/session). That is, the duration and
quality of social interaction is equivalent; however, there is uncertainty
or no (reasonable) expectancy of cognitive or outcome benefits. Active
controls were defined as conditions in which all components but the
critical “active” component were present; that is, there was a reason-
able belief among the control group that activities would confer cog-
nitive benefits (Boot et al., 2013; Rebok, 2016; Wu et al., 2017). For
example, if the intervention was a group-based, trainer-led cognitive
training that lasted for six 1-h sessions across six weeks, an active
control could be 12 h of at-home DVD lectures. That is, there is a rea-
sonable expectation that education lectures could confer cognitive
benefits, but the social interactions with staff are not equivalent. Ac-
tive+ social controls match both social interactions with staff and had
reasonable expectations that the activities would confer benefits. For
example, if participants in the intervention were assigned to 10 h of
group-based, trainer-led aerobic training, the active+ social controls
would be assigned to 10 h of group-based, trainer-led toning and
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stretching.
Since studies operationalized cognitive domains differently (e.g.,

Trailmaking Task B as executive function, working memory, or divided
attention), we organized all cognitive tasks into the following domains:
(1) cognitive speed, (2) (psycho)motor function, (3) verbal attention,
(4) visual attention, (5) multimodal (i.e., both verbal and visual) at-
tention, (6) cognitive inhibition, (7) verbal immediate recall (or short-
term memory), (8) visual immediate recall (or short-term memory) (9)
multimodal immediate recall, (10) verbal working memory, (11) visual
working memory, (12) verbal delayed recall, (13) visual delayed recall,
(14) multimodal delayed recall, or (15) executive function. The do-
mains were chosen based on a modified version of the structure pre-
sented by Angevaren et al. (2008). If a cognitive task or domain did not
fit into the domains presented in that review, the authors (BNS, SAF,
CEW, and JH) reviewed additional sources (Lezak et al., 2004) and met
with additional reviewers (CBP, LAR) to reach a consensus on the most
appropriate domain. Furthermore, results were organized from simple
to more complex domains (i.e., from lowest to highest level of cognitive
function). All cognitive measures organized by domain, as well as do-
main definitions, are in Appendix C. Definitions were modified from
existing neuropsychological references (Lezak et al., 2004). Additional
cognitive domains that did not fit the above hierarchy included (16)
subjective cognition (17) dementia status, (18) verbal perception, and
(19) visual perception. Unless otherwise stated, all cognitive measures
were objective assessments. In our exploratory analysis, everyday
function was defined as self-reported or observation-based tasks simu-
lating activities completed in everyday life such as grocery shopping,
transportation, or bathing.

3. Results

3.1. Search strategies and study selection

An initial data search yielded 6397 articles from five search engines:
Pubmed (n=1457 articles), PsycINFO (n=3070 articles), Cochrane
Central Register of Controlled Trials (n=1862 articles), the
International Clinical Trials Registry Platform (n=8 articles), and the
US National Institutes of Health database (n=0 articles). Cross-refer-
encing from systematic reviews or meta-analyses (n=43 articles)
identified an additional 86 articles. Across both search strategies, a total
of 6483 articles were screened, and 3756 articles were excluded based
on title and abstract. The remaining 2727 articles were screened in full.
Of those, 2652 were excluded. Excluded studies were: not peer-re-
viewed (n=1), a protocol paper with no reported results (n=16), not
an RCT (n=44), not reporting cognitive outcome measures (n=26),
not behavioral interventions with posttest cognitive measures (n=9),
not age-eligible or did not include community-dwelling older adults
(n=50), or a systematic review or meta-analysis and pulled for cross-
check purposes only (n=58). Duplicated articles were also excluded
(n=2448), leaving 75 unique articles for inclusion in the current re-
view (Fig. 1).

Of the 75 articles, several had multiple intervention groups for
different categories of intervention; those articles were included under
multiple intervention categories. For example, if a study had a cognitive
intervention group and a separate exercise intervention group, the
study would be reported twice: once in the cognitive category and once
in the corresponding exercise (i.e., aerobic, strength/resistance, or
aerobic/resistance combination) category. The total number of inter-
ventions for each category was: education (n=3), fine and performing
arts (henceforth “theatre” since only theatre interventions emerged
from the search; n=2), stress-reduction training (n=2), process-based
cognitive training (n=26), strategy-based cognitive training (n=16),
action video games (n=3), aerobic exercise (n=13), strength/re-
sistance (n=8), combination aerobic/strength (n=6), and combina-
tion (nonfactorial n=15; factorial n=3).

3.2. Study characteristics

Of the 75 studies, 16 included multiple intervention groups (Ball
et al., 2002; Barnes et al., 2013; Belchior et al., 2013; Cheng et al.,
2012; Gajewski and Falkenstein, 2012; Goghari and Lawlor-Savage,
2017; Klusmann et al., 2010, 2011; Legault et al., 2011; Moul et al.,
1995; Panton et al., 1990; Rebok et al., 2014; Shatil, 2013; Stigsdotter
and Backman, 1989; Stigsdotter-Neely and Backman, 1993; Willis et al.,
2006). Cognitive (43%, 42/97) and exercise (28%, 27/97) training
comprised most of the interventions.

Generally, there were only a few notable between-intervention
differences. First, exercise training interventions were generally of
longer duration compared to other interventions (see Table 1). For
example, aerobic training lasted an average of 21.61 weeks compared
to approximately eight weeks for process-based cognitive training. Si-
milarly, the total number of intervention minutes was substantially
longer for exercise vs. other intervention types, with the exception of
education and factorial interventions; factorial interventions likely
lasted longer because they tended to include exercise components. For
example, aerobic and strength combination training lasted an average
of over 77 h (4668min) compared to over 16 h (968min) for process-
based cognitive training. In general, most interventions did not ade-
quately describe their adaptive training approach. In strategy-based
cognitive, action video game, and nonfactorial training, fewer than half
of the studies adequately described their adaptation strategy. Critically,
no education, aerobic and strength combination, mindfulness, or
theatre interventions adequately described their adaptation procedure,
if any, over the intervention period (Table 1). Although several studies
acknowledged adaptation over the intervention period, aspects such as
when or at what threshold difficulty was increased were insufficiently
described.

While many interventions were implemented in group settings, 58%
of process-based cognitive training and 67% of video game interven-
tions were in individual settings. Additionally, most cognitive inter-
ventions were exclusively trainer-led with the exception of process-
based training (50% individual-led; 13 of 26) and video game (33%
individual-led; 1 of 3) interventions. Across interventions, there was a
similar breakdown of no-contact vs. active and social control groups.
Generally, no-contact controls comprised half to two-thirds of control
group types except for process-based cognitive training (46%), educa-
tion (75%), aerobic training (31%), strength/resistance training (43%),
and factorial (0%) interventions. Few studies included multiple control
groups (Table 1). Interestingly, the type of control group has changed
over time (See Table 1). Of the eight studies published before 2000,
most (75%) used a no-contact control group, one used an active+ so-
cial control, and one used both no-contact and active+ social control
groups (see Table 1). In comparison, of the 52 interventions published
since 2010, 16 (30%) included only a no-contact control group, 31
(60%) included only an active+ social control group, and three in-
cluded both no-contact and active+ social controls. Alternative control
groups are becoming more common in publications (see Table 1).

The mean quality assessment score across all studies was 25.36
(SD=2.75) and ranged from 19 to 30 (Table 1). Study scores were
similar across intervention types, with the exception of video game and
theatre interventions, which had mean quality scores lower by at least 1
point compared to studies of other intervention types. For example, the
mean quality control score of papers reporting on theatre interventions
was 22.5, and the mean quality control score of aerobic interventions
was 25.92. Across all interventions, the most common problem was
failure to complete intention-to-treat (ITT) analysis. Although ITT is not
always appropriately described or applied (Hollis and Campbell, 1999),
including only those who adhere to intervention protocols in analyses
may overestimate intervention effectiveness in real-world dissemina-
tion from a public health perspective.

Notably, the a priori definitions of the social, active, and ac-
tive+ social control groups were not representative of the control
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groups in the included studies. Most interventions incorporated some
(but not all) aspects of both social and active control groups. For ex-
ample, educational lectures that occurred with less intensity (i.e.,
duration or frequency) than the intervention group would have both (1)
some social interaction with the research staff over that of no-contact
controls and (2) a reasonable expectation by the participants that there
would be cognitive benefits. As such, we modified our definition of
active+ social controls to be any condition where at least some ele-
ments of both social and active controls were present.

3.3. Cognitively-stimulating activities: education interventions, n= 3

Participants in education interventions were either taught computer
skills or completed an autobiographical writing course. Neither inter-
vention explicitly described adaptation, though participants did receive
feedback from group members in the writing class. The average inter-
vention duration was 79 h (4740min). All interventions were group-
based and trainer-led. No-contact control groups were used in all stu-
dies. The average quality control score was 26 (Table 1).

3.3.1. Transfer effects
There was most consistent immediate posttest transfer to subjective

cognition; verbal delayed recall also improved, but this was less con-
sistent (Fig. 2; Appendix D). Lastly, one study evaluated long-term (i.e.,
assessed any time after immediate posttest) transfer and found no evi-
dence of transfer to verbal delayed recall (Appendix D).

3.4. Cognitively-stimulating activities: theatre interventions, n= 2

In the theatre courses, participants were asked to participate in in-
creasingly demanding theatre experiences similar to college-level
theatre courses. Although adaptation was described as increasing in
difficulty over the intervention period, a specific description of how the
course difficulty was modified was not provided. The average inter-
vention duration was 8 h (480min). All interventions were group-based
and trainer-led. No-contact control groups were used in all studies. The
average quality control score was 21.5 (Table 1).

Fig. 1. Selection process of the systematic review.
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3.4.1. Transfer effects
There was most consistent transfer to executive function and in-

consistent improvements on verbal immediate and delayed recall
(Fig. 2; Appendix D). Notably, two measures of executive function,
verbal fluency and the Means-End Problem-Solving Procedure, con-
sistently improved after theatre interventions. No studies measured
long-term transfer (Appendix D).

3.5. Cognitively-stimulating activities: stress-reduction training, n= 2

Both stress-reduction training interventions incorporated relaxa-
tion, meditation, and visualization activities aimed at relaxing partici-
pants. Adaptation throughout the intervention period was not described
in either study. The average intervention duration was 24 h (1395min).
Of those with adequate description, the study modality was individual-
based. Both studies were trainer-led, and both were compared against a
no-contact control. The average quality control score was 24 (Table 1).

3.5.1. Transfer effects
Stress-reduction training did not confer benefits to any cognitive

domain except inconsistently to cognitive speed (Fig. 2; Appendix D).
No studies evaluated long-term transfer.

3.6. Cognitive training: process-based cognitive training, n= 26

Process-based interventions targeted a range of cognitive domains,
including speed of processing, attention, working memory and general
memory, logic and planning, problem solving, and included a variety of
commercialized cognitive training programs (e.g., Posit Science,
COGPACK, CogniFit). Sample process-based activities included

decreasing the stimulus display speed while adding distractor tasks,
playing working memory card games, and practicing pattern recogni-
tion (no strategies taught). Adaptation was frequently defined as in-
creasing difficulty of the cognitive task as a measure of performance
accuracy on the task (e.g., maintaining 75% accuracy before increasing
difficulty of the task). Manipulation of difficulty varied based on the
task but generally involved decreasing time allowed to respond on a
task, increasing complexity of the task, or increasing the amount of
information to monitor (e.g., memory load; Table 1). The average in-
tervention duration was 17 h (968min). A majority (58%, 15/26) of the
interventions were individual-based, and half were trainer-led (13/26).
No-contact controls were used in half of the interventions (13/26). The
average quality control score was 25.38 (Table 1).

3.6.1. Transfer effects
In general, the most promising cognitive domains demonstrating

immediate transfer were cognitive speed, verbal working memory, and
visual working memory. Visual attention and executive function were
commonly assessed but did not show consistent transfer (Fig. 3; Ap-
pendix D). Notably, the Useful Field of View (UFOV), verbal learning
tests, the Cattell Culture Fair Test, and the Trailmaking Tasks were
commonly used but did not show general intervention-related im-
provements with the exception of UFOV composites or subtest 4 (Ap-
pendix D). Ten studies evaluated long-term transfer; the trained do-
mains most frequently maintained better performance compared to the
control group (Appendix D).

3.7. Cognitive training: strategy-based cognitive training, n= 16

Strategy-based training primarily involved instruction and practice

Fig. 2. Summary results for cognitively-stimu-
lating activities, n=7.
Note. Cognitively-stimulating activities in-
cluded education (n=3), theatre (n=2), and
stress-reduction (n=2) interventions. Red and
blue colors provided to aid in readability of
chart. Red= cognitive speed, verbal im-
mediate recall, visual delayed recall, or ex-
ecutive function. Blue= visual attention, cog-
nitive inhibition, visual immediate recall,
verbal working memory, verbal delayed recall,
or subjective cognition. (For interpretation of
the references to color in this figure legend, the
reader is referred to the web version of this
article.)

Fig. 3. Summary results for cognitive training,
n=42.
Note. Cognitive training consisted of process-
based (n=26) and strategy-based (n=16)
cognitive training interventions. Red and blue
colors provided to aid in readability of chart.
Red= cognitive speed, verbal attention, mul-
timodal attention, verbal immediate recall,
multimodal immediate recall, visual working
memory, visual delayed recall, executive
function, dementia status, or visual perception.
Blue= visual attention, cognitive inhibition,
visual immediate recall, verbal working
memory, verbal delayed recall, multimodal
delayed recall, or subjective cognition. (For
interpretation of the references to color in this
figure legend, the reader is referred to the web
version of this article.)
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in memory or reasoning strategies, such as mnemonics and method of
loci. For example, participants were taught how to pair target words
with locations on the body such as eye-cake (ACTIVE; Ball et al., 2002;
Rebok et al., 2014; Willis et al., 2006). Only one strategy-based training
intervention was computerized; participants played more than 400
computerized exercises incorporating memory training techniques and
practice of techniques (Brain Fitness; Miller et al., 2013). None of the
strategy-based interventions reviewed included a clear description of
adaptation (i.e., interventions were described as adaptive, but specific
thresholds for increasing difficulty were not discussed); however, most
interventions adjusted difficulty based on participant performance. The
average intervention duration was 12 h (713min). A majority of the
interventions were group-based (88%, 14/16) and trainer-led (88%,
14/16). No-contact controls were used in a majority (69%, 11/16) of
the studies. The average quality control score was 27.12 (Table 1).

3.7.1. Transfer effects
Verbal immediate recall was the most commonly improved domain,

followed by verbal delayed recall. Executive function was frequently
assessed; however, transfer was not consistent (Appendix D, Fig. 3).
Notably, verbal learning tests, verbal fluency, and Trailmaking Task
variants were commonly administered; verbal learning tests frequently
improved after training. Thirteen studies included long-term transfer,
and trained domains most frequently maintained gains across the
follow-up period (Appendix D).

3.8. Action video game interventions, n= 3

Participants played games ranging from Tetris to Medal of Honor, a
first-person shooter video game. Although all action video games are
presumably adaptive, only one was explicitly adaptive, in which par-
ticipants advanced to more challenging levels upon completion of a
level. The average intervention duration was 7 h (420min). Of those
with adequate detail, two interventions were individual-based; one was
trainer-led. No-contact and active+ social controls were equally used
across all studies. The average quality control score was 22.67
(Table 1).

3.8.1. Transfer effects
There was weak evidence of immediate transfer to cognitive speed,

visual attention, and dementia status (Fig. 4; Appendix D). No studies
measured long-term transfer (Appendix D).

3.9. Exercise: aerobic training, n= 13

Intervention activities included walking/running, aerobic activities
on machines (e.g., stationary bicycles and treadmills), or dancing.
Adaptation was frequently defined as increasing difficultly as a per-
centage of one's age- and sex-specific heart rate. The average inter-
vention duration was 49 h (2911min). All interventions with adequate
detail were group-based and trainer-led. A majority of the interventions
(69%, 9/13) had an active+ social control group. The average quality
control score was 25.92 (Table 1).

3.9.1. Transfer effects
Executive function was the cognitive domain most likely to improve

after aerobic training. Additionally, there was weak evidence of transfer
to cognitive speed and verbal perception (Table 5; Appendix D). There
was strong evidence of no transfer to visual attention or cognitive in-
hibition. Notably, the Stroop task, verbal fluency, and the Trailmaking
Task were common measures assessed across studies; none of these
measures demonstrated consistent immediate transfer. No studies as-
sessed long-term transfer (Appendix D).

3.10. Exercise: strength/resistance training, n= 8

All interventions included machine-based exercises aimed to in-
crease strength, and balance components. Adaptation was defined as
increasing weights after the ability to complete a series of weight re-
petitions comfortably. The average intervention duration was 47 h
(2803min). A majority of the interventions were group-based (75%, 6/
8) and trainer-led (88%, 7/8). Half of the interventions were compared
against a no-contact control group (4/8). The average quality control
score was 26.12 (Table 1).

3.10.1. Transfer effects
Cognitive inhibition and visual working memory were the domains

most frequently improved after training. Additionally, there was strong
evidence that (psycho)motor function and executive function were the
least frequently improved cognitive domains (Fig. 5; Appendix D). No
studies assessed long-term transfer (Appendix D).

3.11. Exercise: aerobic/resistance combination training, n= 6

All interventions included a combination of light-to-moderate

Fig. 4. Summary results for action video game
interventions, n=3.
Note. Red and blue colors provided to aid in
readability of chart. Red= cognitive speed or
dementia status. Blue= visual attention or
cognitive inhibition. (For interpretation of the
references to color in this figure legend, the
reader is referred to the web version of this
article.)
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aerobic activities, such as walking, and strength or flexibility/balance
exercises. Adaptation was generally poorly-described but was defined
as increasing aerobic intensity and resistance through the intervention
period. The average intervention duration was 74 h (4523min). All
interventions were group-based and trainer-led. No-contact control
groups were used in a majority of the studies (67%, 4/6). The average
quality control score was 24.33 (Table 1).

3.11.1. Transfer effects
Aerobic/resistance combination training most frequently improved

verbal delayed recall (Appendix D). Additionally, there was strong
evidence that cognitive speed, verbal immediate recall, and executive
function were not likely to improve after training (Fig. 5; Appendix D).
Notably, the MMSE was commonly administered and did not show
transfer. No studies assessed long-term transfer (Appendix D).

3.12. Combination (nonfactorial) interventions, n= 15

Intervention activities included multicomponent cognitive training,
combination cognitive and exercise activities including exergaming,
and dual-task interventions where participants were asked to complete
cognitive tasks such as counting backwards while performing a walking
or balance task. Adaptation of the interventions was generally in-
adequately described, although dual-task interventions more frequently
described either the cognitive or balance task adaptation as broadly
increasing in difficulty over the intervention period. The average in-
tervention duration was 19 h (1092min). A majority of the interven-
tions were group-based (80%, 12/15), and all were trainer-led. The
average quality control score was 24.67 (Table 1).

3.12.1. Transfer effects
There was most consistent transfer to verbal immediate and delayed

recall. There were less consistent benefits to cognitive speed, verbal or
visual working memory, executive function, or dementia status (Fig. 6;
Appendix D). Four studies included a long-term follow-up; verbal de-
layed recall was the most frequent domain that maintained training
gains (Appendix D). Notably, the Trailmaking Task B and MMSE were
commonly administered measures and consistently did not show
transfer.

3.13. Combination (factorial) interventions, n= 3

Factorial designs included interventions with multiple intervention
components, as well as separate intervention groups for separate
components. For example, a possible factorial design would include a
cognitive-only intervention group, an aerobic-only intervention group,

and a cognitive+ aerobic exercise intervention group. All three studies
included four intervention groups: a computerized cognitive interven-
tion (all of which were process-based), an aerobic exercise intervention,
a combination process-based cognitive and exercise intervention, and
an active+ social control group. The combination group received more
intervention time than the other groups, with the exception of one
study, where active control components were added to equalize inter-
vention time across groups. The cognitive components were all adap-
tive based on participant performance, and only one exercise compo-
nent was adaptive based on increasing difficultly as a percentage of
one's age- and sex-specific heart rate. The average intervention duration
was 63 h (3760min). All interventions were group-based and trainer-
led. All interventions used active+ social control groups. The average
quality control score was 25.33 (Table 1).

3.13.1. Transfer effects
There was most consistent transfer to cognitive speed and visual

attention. In addition, there was strong evidence of no transfer to ex-
ecutive function (Fig. 7; Appendix D). Notably, the Trailmaking Task
was commonly administered and consistently did not show transfer. No
studies assessed long-term transfer (Appendix D).

3.14. Everyday function

Nine studies evaluated transfer to everyday function (Ball et al.,
2002; Cavallini et al., 2015; Lampit et al., 2014; Maki et al., 2012;
McDougall et al., 2010; Mozolic et al., 2011; Noice and Noice, 2013;
Rebok et al., 2014; Willis et al., 2006). Cognitive training interventions,
specifically those from the ACTIVE trial (Ball et al., 2002; Jobe et al.,
2001; Rebok et al., 2014; Willis et al., 2006), most consistently included
everyday functional outcomes, and provided the largest breadth of
everyday function assessments. Measures of everyday function included
everyday speed of processing, everyday problem solving, self-reported
driving or life space, self-reported (instrumental) activities of daily
living (ADL/IADL) or difficulties completing everyday tasks, and per-
formance-based IADL (Observed Tasks of Daily Living-Revised [OTLD-
R] and Timed Instrumental Activities of Daily Living [TIADL]). There
was significant transfer to observed everyday function in one theatre
intervention (OTDL-R; Noice and Noice, 2013). Additionally, there was
significant immediate (Bayer Activities of Daily Living, Lampit et al.,
2014) and long-term transfer to self-reported IADL function across five
and ten years in both process- and strategy-based training (MDS-Health
Care, Rebok et al., 2014; Willis et al., 2006). Interestingly, there was no
short-term transfer in self-reported (Ball et al., 2002) or observed (Di-
rect Assessment of Functional Activities, McDougall et al., 2010) IADL
function; however, all of the cognitive training interventions in the

Fig. 5. Summary results for exercise training,
n=27.
Note. Exercise interventions consisted of
aerobic (n=13), strength/resistance (n=8),
and aerobic/resistance combination training
(n=6). Red and blue colors provided to aid in
readability of chart. Red= cognitive speed,
verbal immediate recall, visual working
memory, visual delayed recall, executive
function, or dementia status. Blue= (psycho)
motor function, visual attention, cognitive in-
hibition, visual immediate recall, verbal
working memory, verbal delayed recall, sub-
jective cognition, or verbal perception. (For
interpretation of the references to color in this
figure legend, the reader is referred to the web
version of this article.)
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ACTIVE trial demonstrated transfer to self-reported IADL across ten
years (Rebok et al., 2014). Of the studies included in this review, there
was no consistent transfer from cognitive training to everyday speed of
processing, everyday problem solving, or driving space. However, other
literature using the ACTIVE trial and other studies excluded from this
review have repeatedly demonstrated such transfer over time (see
Section 4.2.1). Aerobic training transferred to self-reported IADL diffi-
culties but not lifespace (Maki et al., 2012). See Fig. 8 for more detail.

4. Discussion

This systematic review of 75 peer-reviewed publications examined
the effects of randomized controlled trial behavioral interventions on
cognition in healthy older adults. To date, this is the first systematic
review to examine cognitive outcomes across a breadth of intervention
types. Generally, cognitively-stimulating activity interventions had

inconsistent evidence of transfer but showed promise in improving
verbal delayed recall (education, n=3), executive function (theatre,
n=2), and cognitive speed (stress-reduction training, n=2). Process-
based cognitive training (n=26) most consistently transferred to
cognitive speed, verbal, and visual working memory. Strategy-based
cognitive training (n=16) most consistently transferred to verbal im-
mediate recall. Similar to other reviews (e.g., Edwards et al., 2018;
Kelly et al., 2014b), there was consistent evidence of near transfer (i.e.,
transfer to the same or similarly-trained tasks) and weak-to-moderately
consistent evidence for far cognitive transfer (i.e., transfer to untrained
tasks) in cognitive training. Similar to cognitively-stimulating activities,
action video games (n=3) showed promise in transferring to dementia
status via the Alzheimer's Disease Assessment Scale-Cognitive Subscale
(ADAS-Cog), but strong conclusions should not be drawn due to the few
number of studies. Aerobic training (n=13) most consistently trans-
ferred to executive function, while strength/resistance training (n=8)

Fig. 6. Summary results for combination
(nonfactorial) interventions, n=15.
Note. Red and blue colors provided to aid in
readability of chart. Red= cognitive speed,
multimodal attention, verbal immediate recall,
visual working memory, executive function, or
dementia status. Blue= (psycho)motor func-
tion, visual attention, cognitive inhibition, vi-
sual immediate recall, verbal working memory,
verbal delayed recall, subjective cognition, or
verbal perception. (For interpretation of the
references to color in this figure legend, the
reader is referred to the web version of this
article.)

Fig. 7. Summary results for combination (fac-
torial) interventions, n=3.
Note. Red and blue colors provided to aid in
readability of chart. Red= cognitive speed,
verbal immediate recall, visual working
memory, visual delayed recall, or executive
function. Blue= visual attention, cognitive
inhibition, verbal working memory, or verbal
delayed recall. (For interpretation of the re-
ferences to color in this figure legend, the
reader is referred to the web version of this
article.)
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most consistently transferred to cognitive inhibition and visual working
memory. Similarly, aerobic/resistance combination training (n=6)
showed most consistent improvements in visual working memory.
Lastly, combination nonfactorial interventions (n=15) most con-
sistently transferred to verbal delayed recall, and factorial interventions
(n=3) most consistently transferred to cognitive speed and visual at-
tention. While factorial interventions show promise, strong conclusions
should not be drawn given the few studies.

4.1. Limitations of existing behavioral interventions

This review highlighted several limitations of the existing literature.
First, the best way to group interventions was unclear, especially when
interventions were inadequately described or included a wide breadth
of activities. When possible, more nuanced intervention categories
(e.g., process- or strategy-based cognition) were created, but several
studies were vague in documenting specific tasks. Relatedly, termi-
nology surrounding the cognitive training literature was inconsistent.
For example, cognitive training trials in our review ranged from training
memory mnemonics (Ball et al., 2002), to cognitive and emotional
training (Requena et al., 2016), to Sudoku (Gajewski and Falkenstein,
2012). Complicating this is the commercialization of these terms in
order to lend credence to other cognitively-stimulating activities that
lack the scientific rigor of RCTs (Shah et al., 2017). These challenges
exemplify why it is vital to include adequate descriptions of interven-
tion activities, either in text, supplementary materials, or on a website
in order to understand which activities led to which outcomes (Edwards
et al., 2018; Kelly et al., 2014a). Additionally, it is critical to standar-
dize terminology, particularly the terms cognitive intervention, cognitive
training, and cognitively-stimulating activities (National Academies of
Sciences, 2017). This systematic review has attempted to operationalize
these terms to assist with terminology standardized in the field of be-
havioral interventions.

Control group descriptions and inconsistencies were another lim-
itation of the literature. We attempted to divide control groups into
active- or social-only control groups; however, studies consistently
provided inadequate information to ascertain expectancy, equivalent
interactions between staff, or other information critical to evaluate
placebo effectiveness. This finding is consistent with previous work
(Boot et al., 2013; Simons et al., 2016) and highlights a continued
limitation in the field to adequately describe active control groups both
in terms of what specific activities were done, as well as explicitly
measuring and controlling for differential expectancy effects. Although
attempts to describe components of an adequate control group were
made, few have actually designed and implemented such controls. As a

result, it was difficult to assess the appropriateness of the control groups
or determine meaningful trends based on control group type. Despite
our a priori definitions of the types of control groups, most control
groups (other than no-contact or wait-list controls) were a combination
of active and social that did not fit a clear group. For example, a control
group that attended group lectures for less duration than a cognitive
intervention group includes both active (e.g., learning new material at a
lecture) and social (e.g., engagement with other attendees and staff at
end of lecture) components, but it would not be a true active+ social
control by the a priori definition because of the non-equivalency of the
duration. Further complicating this was the “reasonable expectancy of
effects.” Because older adults cite numerous activities, ranging from
crossword puzzles to exercise to social engagement, as beneficial for
cognitive health (Friedman et al., 2011, 2015; Friedman et al., 2013;
Wilcox et al., 2009), we argue that placebo effects would be present in
most control groups other than no-contact controls. We recommend
that researchers use guidelines, such those from the Cochrane Back
Review Group, in order to ensure that sufficient detail is included
(Furlan et al., 2009). Additionally, we recommend that researchers
consider which control group(s) are most appropriate for their research
questions. Some researchers argue that no-contact control groups are
never appropriate (e.g., Simons et al., 2016), whereas others suggest
they may be appropriate depending on the aims of the study (e.g.,
Rebok, 2016). Interestingly, our review noted a large decrease on the
reliance of no-contact control groups (75% prior to 2000 to 30% since
2010). This indicates a positive change in the field; however, when
possible, including multiple control groups may be the best way to
examine the relative effects of behavioral interventions on cognitive
and everyday function in older adults (Ross et al., 2016,in press).

Relatedly, several studies failed to provide adequate information on
other intervention details such as the number of sessions per week,
number of minutes per session, or intervention modality (e.g., group
setting or trainer-led). If details were not provided in the manuscript,
we cross-referenced protocol or other cited manuscripts, as well as re-
viewed information from sites such as ClinicalTrials.gov. The rationale
for this was to demonstrate the level of information available to pos-
sible community stakeholders. Since the ultimate goal of behavioral
intervention research is dissemination, researchers should not be the
gatekeepers of information that would be necessary for the public to
implement these interventions. As the use of database repositories and
publishing protocols becomes more ubiquitous, we anticipate this lim-
itation will be less pervasive. In the meantime, researchers should en-
sure enough information about their intervention is available to the
public to ensure intervention fidelity can be maintained when trans-
lated into practice.

Fig. 8. Transfer of behavioral interventions to everyday function, n=9.
Note. Imm= Immediate Outcome, LT=Long-Term Outcome, PB=Performance-Based Outcome, SR=Self-Report Outcome.
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Another challenge in the review process was inadequate breadth of
cognitive assessments across several domains, particularly (psycho)
motor function, subjective cognition, and dementia status. Relatedly,
our definitions and categorization of the cognitive domains assume
some degree of orthogonality, when this is not the case in reality (i.e.,
we do not have “pure” measures of cognitive speed, executive function,
or other domains that do not incorporate elements of each other). This
limits our confidence to generalize the presence or absence of transfer
to these domains. In particular, intervention-related changes in sub-
jective cognition may elucidate the extant limitation of understanding
psychosocial mechanisms of transfer. Changes in subjective cognition
may capture changes in proposed psychological mechanisms like cog-
nitive self-efficacy (Simons et al., 2016). Testing mechanisms requires
at least three assessments (Gelfand et al., 2009), thus reiterating the
importance of more than pre-posttest-only assessments.

Relatedly, everyday function was only examined in nine articles.
Despite repeated calls to include everyday functional outcomes, few
behavioral interventions in older adults include it as a primary or sec-
ondary outcome. Moreover, there is a lack of consensus on the oper-
ationalization of everyday function. For instance, everyday function
assessments in this review included basic ADLs, IADLs, and life or
driving space assessments. Some studies combined simplistic physical
manipulation of everyday stimuli (e.g., coins, phonebook) with com-
plex high-level cognitive tasks (e.g., Everyday Problems Test) in one
composite score, making it difficult to ascertain specifically which ev-
eryday function(s) were likeliest to benefit from training (Ball et al.,
2002; Rebok et al., 2014; Willis et al., 2006). Additionally, everyday
function assessments include tasks that may not be as relevant for
current or future cohorts (e.g., sorting change, using a phonebook).
While there was transfer to everyday function in this review, it is not
recommended to use these measures without considering their ecolo-
gical validity.

Further complicating the operationalization of “everyday function”
is the emergence of ecological cognitive assessments, or everyday cog-
nition, (e.g., Gamaldo and Allaire, 2016; Scott et al., 2015), which are
traditional neuropsychological assessments modified to be taken on
portable technologies in everyday life. While this is vital for evaluating
the ecological validity of neuropsychological assessments, it does not
fall under the purview of everyday function. We propose using the term
everyday function for self-reported or direct observation of activities, or
performance on simulated activities, that reflect tasks encountered
regularly in life. While this is a broad definition, it differentiates the
ability to perform real-world tasks from completing traditional neu-
ropsychological tests in daily life. Our definition focuses on the stimuli
(i.e., traditional neuropsychological test versus real-world tasks);
however, it is also important to consider the frequency (Gamaldo and
Allaire, 2016) and location of assessment. Researchers are increasingly
implementing burst designs of repeated assessments within a day or
across months. We propose that such temporal-focused measurement
include a demarcation so that they can be better differentiated in the
literature. For example, self-reported or simulated tasks mimic real-
world behaviors assessed infrequently (e.g., across years) are everyday
function whereas such tasks assessed in burst designs are monthly (or
quicker timescale, as appropriate) everyday cognition or monthly ev-
eryday function.

A last limitation of existing behavioral interventions is inconsistent
assessments of long-term transfer effects. Few studies (Appendix D)
provided long-term follow-up assessments, here defined as any assess-
ment that occurred after the immediate posttest. Follow-up periods
ranged from months to multiple years post-intervention; there was no
consistent post-intervention benchmark to evaluate long-term transfer
across studies. Failure to measure long-term outcomes limits our ability
to evaluate the presence of “sleeper effects,” or downstream benefits of
an intervention (Edwards et al., 2017; Wolinsky et al., 2015). This is
especially true for everyday function, where there was consistent evi-
dence of gradual training-related changes at five and ten years posttest

compared to more proximal follow-ups (Ball et al., 2002; Edwards et al.,
2018; Rebok et al., 2014; Ross et al., 2017; Willis et al., 2006). Failure
to include long-term assessments also reduces the ability to measure
post-study adherence. For example, it remains unseen whether one
must continually engage in aerobic training to receive executive func-
tion benefits or whether engagement in a short time-span is sufficient to
offset age-related declines (National Academies of Sciences, 2017).

4.2. Strengths, limitations, and recommendations

This systematic review includes several strengths that improve the
understanding of behavioral interventions in older adulthood. The wide
breadth of behavioral interventions reviewed allows researchers and
practitioners the opportunity to incorporate components of other in-
terventions into new (ideally) factorial intervention designs. It also
provides an overview of the differential cognitive benefits across a
variety of behavioral interventions. This allows for comparisons across
interventions and may facilitate creating more effective individualized
multi-domain interventions. For example, if one wishes to enhance a
wider breadth of cognitive domains, combining process-based cognitive
and aerobic training would be a more effective approach than com-
bining aerobic training with a mindfulness intervention.

An additional strength of this systematic review is that only peer-
reviewed RCTs were included. By only including RCTs, the gold stan-
dard of intervention evaluation, conclusions made about the effective-
ness of behavioral interventions are strengthened. Lastly, several cri-
tical aspects of interventions, such as control group type, adaptation,
and delivery methods, were documented. Previous reviews have con-
sidered a few of these possible intervention factors (Edwards et al.,
2018; Kelly et al., 2014a), but it is not standard practice across sys-
tematic reviews due to varied reporting in studies. Quantifying these
reported intervention components can be incorporated into future
meta-analyses to examine how study-specific variables, such as control
group type or duration of intervention, impact transfer (Edwards et al.,
2018).

Another strength of this systematic review is the organization of
cognitive tests into cognitive domains. Empirical studies do not con-
sistently identify cognitive assessments as measuring the same cognitive
domain or function (e.g., MMSE as a measure of global cognitive
function vs. dementia status or Flanker as attention vs. executive
function), and few systematic reviews provide the detail necessary to
evaluate patterns of transfer relevant to specific measures. For example,
the current review was able to identify Trailmaking Task B as a fre-
quently-used measure of executive function. Although it is commonly
used, it generally did not improve after either process- or strategy-based
cognitive training. This information is important because it suggests
that either cognitive training is not associated with improved executive
function performance, or cognitive training is not associated with im-
provements in Trailmaking Task B and other executive function mea-
sures should be considered. Furthermore, the current review provides a
structure for future researchers to use when organizing results into
various cognitive domains.

Despite the strengths, there are limitations worth noting. The in-
clusion criteria of this systematic review, while necessary, limited the
types of interventions and populations included. For example, certain
cognitively-stimulating social interventions such as Senior Odyssey
(Stine-Morrow et al., 2008), Experience Corps (Carlson et al., 2008),
and the Synapse Project (Park et al., 2014) were excluded from our
review primarily due to pseudo-randomization or the sample age range.
Additionally, studies including adults under 65 were excluded because
of search filters and conventional older adult age thresholds. Older
adults with diagnosed cognitive impairment or probable dementia were
also excluded. Although this is not necessarily a limitation, it reduces
external validity to only older adults without apparent cognitive dys-
function. Additionally, intervention inclusion criteria in healthy older
adult samples generally require a degree of functional independence, so
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transfer to less physically healthy samples cannot be inferred from this
review. Future interventions should explore alternative administration
methods to increase access to at-risk, mobility-limited older adults to
address this limitation (Payne and Stine-Morrow, 2017). A last limita-
tion of our review is our categorization of the novel behavioral inter-
ventions. For example, “arts” interventions were originally con-
ceptualized as including any fine or performing arts-based activities.
However, there are differences within this category that suggest the
underlying process by which they impact cognition is not similar. Al-
though music therapy interventions did not make it through the
screening process, such interventions would have been classified as
“arts.” However, music therapy works in part through dopaminergic
stimulation (Stegemöller, 2014); other arts interventions like theatre do
not have evidence of this mechanistic process. Future reviews should
consider proposed mechanisms of transfer when categorizing inter-
ventions in reviews and meta-analyses.

4.2.1. Implications and recommendations for research
Future research to examine the most effective combination of be-

havioral activities to improve cognitive and everyday function in older
adults is warranted. There is a trend in behavioral interventions to in-
clude multiple intervention components (e.g., cognitive training tar-
geting multiple cognitive domains). For example, two behavioral in-
terventions included over ten different activities into the same
intervention (Gajewski and Falkenstein, 2012; Shatil, 2013). This is also
reflected in some commercial products that offer over 30 cognitive
games. When designing an intervention, researchers may be tempted to
incorporate multiple games in hopes of improving multiple cognitive
domains through one intervention or sustain participant engagement
and enjoyment. However, including too many intervention components
makes it difficult to disentangle which aspects of the intervention are
(in)effective (Collins et al., 2014; Ross et al., 2017, 2018). For example,
if one intervention included games targeting a variety of cognitive
domains and improved memory, it is impossible to know which game(s)
drove the transfer effect. Behavioral interventions can be costly to re-
searchers and burdensome on participants, so it is ideal to only include
components that are most influential on cognition. To address this
limitation, we recommend implementing the multiphase optimization
strategy (MOST) to test each component (e.g., cognitive domain
trained). MOST is an approach that can help researchers refine inter-
ventions into their most effective components while maintaining re-
source constraints (Collins et al., 2014). Briefly, researchers design
screening experiments that include different combinations of inter-
vention components. The results are used to make decisions about
which components to keep or remove. MOST was successful in de-
signing smoking cessation interventions (Collins et al., 2011) but has
not been utilized in behavioral interventions in older adults. For ex-
ample, a researcher may design an experiment that includes ten com-
puter games and use MOST to systematically test and refine the most
effective combination(s) of these games.

Furthermore, psychological mechanisms of transfer should be em-
phasized in future intervention research. Such mechanisms are fre-
quently post hoc speculations but are not incorporated into interven-
tions. As a result, they remain theoretical (Simons et al., 2016) or are
examined using methodologically subpar standards (Alsubaie et al.,
2017 for review). Addressing this limitation requires large sample sizes,
statistically-sophisticated techniques (Preacher et al., 2010), and mul-
tiple waves of data above traditional pre-posttest intervention designs
(Gelfand et al., 2009). Hypothesized psychological mechanisms of
transfer include increased motivation (Boot et al., 2013; Motter et al.,
2016; Rabipour and Raz, 2012; Simons et al., 2016), expectancy of
intervention gains (Boot et al., 2013; Motter et al., 2016), exposure to
novelty (Motter et al., 2016), social contact with trainers and/or other
participants (Boot et al., 2013; Motter et al., 2016; Simons et al., 2016),
and experimenter demand (Simons et al., 2016). To our knowledge,
three studies directly tested moderators or mediators of speed of

processing training (Edwards et al., 2013; Kaur et al., 2014; Sharpe
et al., 2014). Contrary to assumptions (e.g., Simons et al., 2016), evi-
dence suggests psychosocial moderators or mediators play little effect
in speed of processing training gains. Psychosocial factors such as
greater self-efficacy are either unrelated to cognitive training gains
(Sharpe et al., 2014) or are related to smaller training gains (Kaur et al.,
2014), opposite of what some researchers propose (Simons et al., 2016).
What does appear to drive the transfer of cognitive training to cognitive
and everyday function is proximal training gains (Edwards et al., 2013)
or baseline moderators (Ball et al., 2013; Rebok et al., 2013; Willis and
Caskie, 2013). To directly examine mechanisms underlying interven-
tion effects, the use of active control groups would address psychosocial
aspects of training such as increased motivation, expectancy of training
gains, exposure to novelty, social contact, and experimenter demand.
Researchers should also include psychosocial measures before and after
an intervention, including cognitive self-efficacy and depression, in
order to determine whether these are truly mechanisms of transfer.

Some argue that there is an opportunity cost associated with ac-
tivities that may confer “less” cognitive benefit compared to other ac-
tivities. Because time is a finite resource, it is believed that engaging in
certain activities takes time away from engagement in other activities.
Specifically, Simons et al. (2016) propose that cognitive training may
replace exercise time, and older adults could engage in exercise were
they not participating in cognitive training. However, there is no em-
pirical evidence for this (Lampit et al., 2015b), and it should be ex-
plored before researchers make recommendations to not engage in
evidence-based healthful behaviors. Ways to empirically evaluate this
include (1) assessing how participants would have spent their time if
they were not engaging in the intervention or (2) performing an ex-
tensive pre-intervention assessment to evaluate participants’ daily ac-
tivities. Relatedly, multiple health behavior changes, or the transfer of
health behaviors from one domain to another (e.g., engaging in
healthful eating after beginning exercise; Noar et al., 2008), has been
proposed as a mechanism for cognitive intervention transfer (Simons
et al., 2016). Multiple behavior changes have been demonstrated in
near transfer activities (Fleig et al., 2015), but it is unclear whether far
transfer occurs. To test this, future work should incorporate repeated
assessments before, during, and after the intervention period to assess
behavioral changes as a result of engaging in an intervention study.

In addition to cognitive transfer, future work should examine ev-
eryday function and consider such outcomes at least as, if not more,
important. Although some cite limited cognitive transfer as evidence of
failure to establish transfer to everyday function (Simons et al., 2016),
few studies a priori identified everyday function (e.g., IADL) as an
outcome of interest (but see Ball et al., 2002; Cavallini et al., 2015;
Lampit et al., 2014; Maki et al., 2012; McDougall et al., 2010; Mozolic
et al., 2011; Noice and Noice, 2013; Rebok et al., 2014; Willis et al.,
2006). Both within the current systematic review and other literature,
notable exceptions to this are the ACTIVE (Jobe et al., 2001) and Iowa
Healthy and Active Minds Study (IHAMS; Wolinsky et al., 2015) trials
that found reductions in IADL difficulties (Wolinsky et al., 2015) and
driving mobility (Ross et al., 2016, 2017) and safety (Ball et al., 2010)
among other everyday functions (see Edwards et al., 2018 for review).
The argument that behavioral interventions, namely cognitive inter-
ventions, are not worth pursuing falsely equates absence of evidence as
evidence of absence. That is, there is an (unfounded) assumption that the
failure to find cognitive training transfer to everyday function is due to
true lack of transfer rather than a lack of including everyday functional
outcomes in extant studies. There is an acknowledged dearth of lit-
erature of behavioral interventions on everyday function that re-
searchers have said is necessary to address (Greenwood and
Parasuraman, 2016; Kelly et al., 2014a), but emerging evidence sug-
gests there are additional beneficial effects on IADLs (Edwards et al.,
2013, 2005; Willis et al., 2006), driving (Ball et al., 2010; Ross et al.,
2016, 2017), physical function (Ross et al., 2018; Smith-Ray et al.,
2013, 2014), expected medical expenditures (Wolinsky et al., 2009),
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and dementia risk (Edwards et al., 2017). For more detail, see the re-
cent review by Edwards et al. (2018). Future work should more ser-
iously consider transfer effects to clinically and practically-meaningful
outcomes, especially because the ultimate goal of behavioral inter-
ventions is to improve everyday function.

Furthermore, long-term follow-up of intervention outcomes should
be examined. To ensure the ability to compare across studies, the timing
of long-term follow-up assessments should be standardized. Booster
effects could also be incorporated to inform whether additional sessions
are needed, and if so, how often. Because older adults participating in
behavioral interventions are likely healthy and functionally in-
dependent, the inclusion of long-term assessments would inform if in-
tervention engagement can offset or delay meaningful impairment in
older adulthood. Capturing the true nature of any phenomenon requires
measuring variables at twice the rate of the expected timescale
(Shannon, 1949; Shiyko and Ram, 2011), so post-intervention measures
should be at least twice as frequently as the expected rate of change in
the outcome(s). Including long-term assessments will also better cap-
ture long-term processes. For example, everyday function more con-
sistently transferred years after intervention administration (e.g., Ball
et al., 2010; Rebok et al., 2014; Ross et al., 2016, 2017, 2018). Failure
to include long-term assessments would have missed this slower time-
scale change. Particularly with healthy samples who perform at or near
ceiling at baseline (e.g., no reported impairments), long-term assess-
ments inform whether the intervention successfully altered the transi-
tion to suboptimal everyday function.

Lastly, researchers should use database repositories or publish ex-
tensive protocols with detailed information about their interventions.
This is critical to aid in both replication, intervention dissemination,
and open science. While the interventions themselves may be proprie-
tary, details such as how many sessions over what length of time are
informative for both researchers and the public alike. Making this in-
formation publicly available will ultimately democratize intervention
research and hold researchers responsible for information dissemina-
tion and transparency.

Based on our review, we recommend the following: (1) explicitly
test each intervention component via MOST and factorial intervention
designs, (2) recruit large samples with at least three waves of data to
statistically test mechanisms of transfer, such as expectancy effects and
multiple health behavior changes (Motter et al., 2016), (3) examine
meaningful everyday functional outcomes, (4) include long-term
follow-up assessments at least twice as frequently as the expected
timescale to capture slow-scale changes in outcomes, and (5) make all
study information publicly available.

4.2.2. Implications and recommendations for practice and policy
A majority of the behavioral interventions included trained staff in

charge of intervention administration. As a result, two major practical
limitations arise: (1) there is a high cost to train and maintain staff, and
(2) participation is limited to functionally independent older adults
with resources to make frequent visits to training facilities. To reduce
costs and increase access to older adults with suboptimal functioning,
researchers should collaborate with community partners to provide
their interventions across a variety of delivery methods, including at-
home settings, churches or other social groups older adults are likely to
frequent, and self-guided interventions. If the ultimate goal of beha-
vioral interventions is to promote healthy aging, creative collaborations
that move away from traditional laboratory-based intervention delivery
are necessary to meet older adults at their current level of functioning.

A final recommendation is to increase access and knowledge of
beneficial activities to older adults and healthcare professionals. Older
adults frequency cite mental, physical, social, and leisure activity en-
gagement as ways to maintain cognitive function (Friedman et al.,
2011, 2013, 2015; Kim et al., 2015; Wilcox et al., 2009). Unfortunately,
activities researchers know are not evidence-based, such as crossword
puzzles, are among the most-frequently mentioned activities believed to

maintain mental acuity (Kim et al., 2015). In fact, few older adults
report receiving information about preventing cognitive decline from
primary care providers and instead receive information from television,
magazines, and newspapers (Friedman et al., 2013). When primary care
providers do advise patients on ways to delay cognitive impairment,
they most commonly advise engagement in exercise and intellectual
stimulation (Friedman et al., 2013). While general and lifetime en-
gagement in physical or cognitive activity may help prevent cognitive
impairment, the usefulness of this advice to older adult consumers is
questionable. Instead, geriatric care providers and researchers should
work together to dispel myths about activities that are not evidence-
based in addition to providing older adults with accurate information
about effective activities and interventions. Moving forward, we re-
commend the following for practitioners and policy makers: (1) colla-
borate with researchers and existing social networks older adults utilize
to provide multiple venues for intervention access, and (2) increase
access and knowledge to geriatric care practitioners (and individuals)
to reduce spreading incorrect information about cognitive health.

5. Conclusion

There is inconsistent evidence of transfer from behavioral inter-
ventions to cognitive outcomes in healthy older adults. There is con-
sistent evidence of transfer from cognitive training to the trained cog-
nitive domains, and evidence that aerobic training confers benefits to
executive function. Preliminary RCTs utilizing novel behavioral inter-
ventions like mindfulness and theatre show promise in conferring
cognitive benefits, but strong conclusions should not be drawn until
such findings are replicated in larger samples. In general, the reviewed
studies included poor intervention descriptions, lack of consistency in
control group design, and little examination of long-term effects. In the
future, research should include both cognitive and everyday functional
outcomes, as well as adapt existing interventions to reach a broader,
more inclusive and diverse sample of older adults.
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