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Cognitive training and social engagement are two of the routes that potentially improve
cognitive functions in older adults. The former targets specific functions so that an
intervention can trigger the plasticity and efficiency of the underpinning neural systems,
and the latter also provides an environment supportive of social and emotional needs.
We investigated whether an integration of the two routes could enhance cognitive
functions related to executive control, because no prior research has adopted a theory-
driven approach to design a group-based cognitive training program for executive
control. Forty-six healthy and active older adults living in community settings were
randomly assigned to a group-based training program or a group-based active control
program. Twenty-three volunteers in a community center were recruited for the waitlist
control group. A battery of card games was designed for the cognitive training program
based on three theoretical models of executive functions. A set of commercial board
games were run in the active control program. Using untrained tests as the outcome
measures, we found significant improvement on executive control in the cognitive
training group compared with the active and waitlist control groups while the two control
groups did not differ in performance. The cognitive training group did not outperform
the two groups on a test of reasoning or on a test of delayed episodic memory.
The results support the idea that cognitive training with social interaction can improve
performance on untrained tests that share overlapping cognitive processes. Despite the
inability to adapt to each person’s performance, integrating the two routes is beneficial
for improving cognitive functions in older adults.

Keywords: cognitive training, healthy older adults, executive function, cognitive control, social engagement

INTRODUCTION

Maintaining physical and mental health in an aging population is increasingly important for
societies worldwide. Cognitive decline that can compromise mental health and the ability to live
independently drives efforts to seek interventions that preserve or enhance cognitive abilities. While
a plethora of empirical research has been devoted to interventions that preserve or enhance brain
health (see Bamidis et al., 2014; Ballesteros et al., 2015 for reviews), few studies have integrated
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multi-component cognitive training with social engagement as a
choice for an aging, heterogeneous population. Here, we designed
a battery of card games targeting cognitive functions related
to executive control and investigated whether this integrative
cognitive training could improve executive control compared
with both an active-control group and a waitlist-control group.

Population aging imposes great challenges for societies
worldwide in terms of health care, infrastructure, and social
costs. In addition to physical health, a key to successful aging
is to maintain brain health (Reuter-Lorenz and Park, 2014). To
achieve this aim, interventions, via a variety of physical and
mental activities, can be incorporated in the everyday life of
the aging population. Exercise, new learning, engagement, and
cognitive training are four proposed channels to maintain brain
functions potentially by enhancing neural activity (Reuter-Lorenz
and Park, 2014). This contention is supported by studies that
show the neural effects of exercise training (Erickson et al.,
2011; Jonasson et al., 2017), dance (Burzynska et al., 2017), new
learning (McDonough et al., 2015), social engagement (Carlson
et al., 2009, 2015), and cognitive training (Strenziok et al., 2014;
Kim, 2015; Beauchamp et al., 2016; Cao et al., 2016; Jiang et al.,
2016; Thompson et al., 2016; Heinzel et al., 2017; Küper et al.,
2017; Motes et al., 2018).

MULTI-DOMAIN INTERVENTION

Given that individual interventions can be effective for
enhancing neural activity, it is not surprising that multi-domain
interventions have become a new and promising approach for
maintaining brain functions (see Bamidis et al., 2014; Ballesteros
et al., 2015 for reviews). Multi-domain interventions can be
classified by whether the intervention adds a new element to
an existing intervention. Without adding a new element, Tai chi
and dance are two interventions that consist of a moderately
intensive level of physical activity while requiring mental effort
to remember the postures and sequences with concentration.
Empirical studies have shown the benefits of Tai chi (see Miller
and Taylor-Piliae, 2014; Zheng et al., 2015 for reviews) and dance
(Kattenstroth et al., 2013) for cognitive functions.

A second category of multi-domain intervention is to add
a new element to an existing intervention. A combination of
cognitive and physical interventions is popular, as it can promote
both physical and mental fitness. A combined intervention has
advantages over pure physical exercise (see Zhu et al., 2016
for a review). Exergaming, for example, integrates challenging
cognitive activities in exercise training (Anderson-Hanley et al.,
2012; Bamidis et al., 2015). After a long period of training, this
combined intervention enhanced executive function (Anderson-
Hanley et al., 2012) and global cognition, which includes
measures of episodic memory, working memory, and executive
function (Bamidis et al., 2015). Another example is a mix
of different interventions in a quasi-educational program that
combines new learning (handicraft making) with physical and
health exercises and teaches the rules and strategies used
in performing standardized cognitive tasks for solving daily
problems (Cheng et al., 2012). This multi-domain intervention

increases functional connectivity among brain regions (Cao et al.,
2016) and modulates cortical thickness in related regions (Jiang
et al., 2016) after 1 year of training.

SOCIAL ENGAGEMENT

Not all older adults can endure physical interventions at a
moderate or an intensive level. A variety of multi-domain
interventions is needed to fulfill the needs of a heterogeneous
population. Social engagement with mental stimulation provides
an alternative channel for older adults in community settings
to maintain or enhance cognitive functions. Interventions in a
socially interactive context may be ideal for maintaining cognitive
functions while partially fulfilling emotional and social needs
of community-dwelling older adults. Addressing emotional and
social needs may be important for enhancing executive functions
(Diamond and Ling, 2016), which are important for effective
functioning in daily life (see Royall et al., 2007 for a review).

Correlational studies have shown that social ties and
emotional connections with others influence healthy aging (see
Ballesteros et al., 2015 for a review). Volunteer work with
social interaction improved cognitive functions for those who
showed impairment on attentional switching compared to a
waitlist control group (Carlson et al., 2008). However, an
empirical study showed that social engagement alone may not
be beneficial for enhancing cognitive functions of healthy older
adults (Park et al., 2014). Receptive social engagement without
the involvement of active skill acquisition marginally improved
processing speed compared with the control group. Productive
social engagement, involving complex activities that demand
the synergy of multiple cognitive functions, is necessary for
improving cognitive functions (Chan et al., 2014; Park et al.,
2014; Myhre et al., 2017; Vaportzis et al., 2017). Productive
social engagement targeting divergent thinking also significantly
improves this trained ability (Stine-Morrow et al., 2014).

COGNITIVE TRAINING WITH SOCIAL
ENGAGEMENT

Previous studies of cognitive training and social engagement
have focused on complex skills in new learning (Chan et al.,
2014; Park et al., 2014; Myhre et al., 2017; Vaportzis et al.,
2017) or in solving ill-defined problems (Stine-Morrow et al.,
2014). Few studies have investigated the possibility of targeting
specific cognitive functions in a socially interactive context. One
promising candidate for integrating multi-component cognitive
training and social engagement is the usage of card games or
board games in an intervention. The results of a correlational
study revealed that board game players showed less decline
in global functioning, measured by the Mini-Mental State
Examination during the 20 years of follow-up, than non-board
game players (Dartigues et al., 2013). Additionally, using games
designed to train executive functions, an empirical study showed
that the gaming group improved on executive control assessed
by untrained tests of executive control in healthy older adults
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(Fissler et al., 2013). However, the details of the cognitive training
program are not clearly described, a passive control group was
used for comparison with the training group, and the sample
size was small (9 in the training group and 8 in the control
group). Therefore, whether multi-component cognitive training
in a socially interactive context1 can enhance cognitive functions
in older adults remains unexplored.

THE CURRENT STUDY

The aim of this study is to investigate whether multi-component
cognitive training in a socially interactive context can be
effective for improving cognitive functions. The results should
provide insights for designing interventions for community-
dwelling older adults to satisfy cognitive and emotional needs.
It has been suggested that multi-component cognitive training
may provide more advantages than single-component cognitive
training (Rebok et al., 2007; Eckroth-Bucher and Siberski, 2009;
Gates and Valenzuela, 2010; Kueider et al., 2012; Gates and
Sachdev, 2014; Binder et al., 2015). Supporting this view, a
behavioral study showed that multi-component computerized
training that integrates cognitive inhibition, visuomotor, and
spatial navigation abilities provides greater improvement on the
composite measure of attentional control than single-component
interventions (Binder et al., 2016). Learning memory strategies
and practicing tasks that focus on processing speed, selective
attention, short-term memory span, verbal fluency, arithmetic,
and reasoning also improve response accuracy and modulate
neural activity that supports task-switching (Küper et al., 2017).

We designed a multi-component cognitive training program
that primarily targets executive control, which consists of
multiple cognitive functions. We define executive control as
an umbrella term comprising attentional and control processes
required to carry out goal-directed behavior. Cognitive control
mechanisms support linguistic and non-linguistic performance
in young adults (Hussey et al., 2017) and are identified
as candidates for providing neural scaffolding that supports
cognition across a broad range of tasks (Zokaei et al., 2017).
Moreover, deficient modulation of the neural mechanisms of top-
down control explains age-related decline in working memory
(Heinzel et al., 2017), and a meta-analysis study showed that the
neural mechanisms underlying executive control are recruited for
compensatory scaffolding in older adults (see Li et al., 2015 for a
review). According to the neural scaffolding framework (Reuter-
Lorenz and Park, 2014; Zokaei et al., 2017), multi-component
cognitive training that engages multiple functions of executive
control is hypothesized to benefit performance on untrained
tests that involve similar neural mechanisms. According to the
cognitive reserve hypothesis (Whalley et al., 2004), this type of
cognitive training could enhance the efficiency of cortical circuits

1We distinguish multi-component cognitive training from new learning as two
different routes of intervention. The former adopts a theory-driven approach with
specific functions (e.g., inhibition, switching) in mind. The latter involves learning
a new skill (e.g., digit photograph) that may engage many different functions.
A task analysis is required to uncover which cognitive functions are trained in
new learning, and whether the task analysis is valid requires verification from the
training outcomes.

sub-serving the involved cognitive functions via repeated use. We
aimed to investigate whether this goal is achievable in a socially
interactive context.

To integrate processes related to executive control in
the games, we considered three theoretical models. In the
multi-component model of working memory (Baddeley,
2012), the central executive module plays important roles in
focusing attention/inhibition, switching, dividing attention,
and interfacing with long-term memory (Baddeley, 1998). In
a model of executive function (Miyake and Friedman, 2012),
three mechanisms are included: a common mechanism that
underlies inhibition, updating, and switching; an updating-
specific mechanism; and a switching-specific mechanism. In
Diamond’s (2013), three levels may characterize executive
functions: working memory and inhibitory control at a basic
level; cognitive flexibility in switching at an intermediate level;
and reasoning, problem solving, and planning at a high level.

We took elements from each model in designing the formal
cognitive training program: focusing attention, interfacing with
long-term memory, dividing attention between two task sets,
working memory, updating, reasoning, and problem solving.
Each cognitive training game engages multiple-component
cognitive functions underlying executive control2. Game
difficulty was adapted according to the efficiency shown in most
of the group members. An active control group went through
training of eye-hand coordination and strategic thinking in a
socially engaging atmosphere using commercial board games.
Compared with the cognitive training games, the aspects related
to the control of attentional deployment in these board games
were exercised to a lesser degree. A waitlist control group
included participants who actively volunteered in community
services. Formal volunteering over time is associated with higher
levels of cognitive function (Anderson et al., 2014; Guiney and
Machado, 2017; Proulx et al., 2017 for reviews).

MATERIALS AND METHODS

Participants
The research protocol was reviewed and approved by the
Research Ethics Committee at the National Taiwan University.
Volunteers were recruited from three community centers in
Taipei, Taiwan. In two centers, news about the study was
announced in the community newspaper and in a presentation
to senior groups, and the center manager helped spread the news.
Participants in both centers were informed that the aim of the
study was to investigate how cognitive training activities could
enhance cognitive functions.

Volunteers in these two centers who were willing to commit
to an 8-week training program with two meetings per week
were screened. Study participation exclusion criteria included
the following: younger than 65 years old; substantial functional

2We asked four experts in cognitive science to provide independent ratings of
each game module. Their feedbacks validate the engagement of multiple cognitive
functions in each game played in the training group and the less involvement of
executive control in the games played in the active control group.
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impairment (IADL disabilities) or cognitive decline (Mini-
Mental State Examination [MMSE] score < 23); self-reported
diagnosis of Alzheimer’s disease; medical conditions associated
with imminent functional decline or death; severe loss in vision,
hearing, or communicative ability that would interfere with
study participation; and participation in other cognitive or
physical training programs. Three participants were excluded
because of low MMSE scores. Given the difficulty in recruiting
participants, we recruited only 23 participants for each group,
which fulfilled the goal of including a minimum of 20 subjects
per study condition to have sufficient power to detect most effects
(Simmons et al., 2011). This sample size is comparable to the
one adopted in a recent study that investigated the effects of
a multi-component cognitive training program relative to the
effects of three single-component training interventions (Binder
et al., 2016). A total of 69 participants provides a power of 0.92 to
detect a medium-sized effect (η2

p = 0.15).
Forty-six participants in these two centers were randomly

assigned to the training and active control groups. Participants
were blind to the principles behind the design of the training
exercises and were unaware of training in the other groups.
Participants in both groups were told that the training exercises
had the potential to protect them from cognitive decline. They
received a NT$3000 (approximately US$100) monetary reward at
the end of the posttest. Twenty-three participants in the waitlist
control group were recruited from the volunteers in the third
community center and the same criteria were used for exclusion.
All screened participants met the inclusion criteria. They received
a NT$500 (approximately US$16.67) monetary reward at the
end of the posttest. All participants had normal or corrected-to-
normal vision, and there is no significant difference among the
three groups in age (p = 0.94), gender ratio (p = 0.28), level of
education (p = 0.56), MMSE (p = 0.38), or IADL scores (p = 0.36)
(Table 1).

Trainers and Assessor
Four trainers were recruited based on colleagues’
recommendations of students who interact well with older
adults. They had no background knowledge of cognitive training
and were told that the study investigated how older adults
interact in performing a variety of tasks. The only instruction was
to engage and motivate all group members as much as possible
in playing the games and resolve any conflicts if they arise.
Trainers were randomly assigned to either the training group
or the active control group without knowledge of which group
was the experimental group. They were then trained on the
activities involved in each game. At the end of each session, they
reported the dynamics, general mood states, feedback received
from the group members, and issues related to the adjustment

of game difficulty. They received an hourly pay of NT$250
(approximately US$16.67) for their assistance.

A research assistant without background knowledge of
introductory psychology administered the pretest and posttest.
This assistant, who did not participate during the training
period, knew that two forms of activities were trained. Expecting
that the assistant could learn the group membership during
rapport-building with the participants, we instructed the assistant
to maintain neutrality and conduct the tests with consistent
procedures across participants.

Materials
Three decks of cards were designed for the training group. The
first deck was used in most of the training activities. Each card
has six features, including the gender of the child, head accessory,
glasses, hands, color of t-shirt and pattern of the t-shirt (Figure 1).
Each feature has two levels; therefore, the deck is composed of 64
unique cards. On the top left of each card is a unique number
ranging from 1 to 64. Each card differs from every other card
on at least one, and up to six, features (Figure 2). We chose
these six dimensions with binary features for two reasons. These
dimensions are frequently observed in everyday life so that the
participants could relate their experiences. The binary features
oppose each other so that selection of one feature on a dimension
involves ruling out the other possibility. Multiple features on a
dimension were not used in the material to keep the interfeature
interference reasonable for older adults. The second deck was
designed for demanding access to semantic knowledge stored
in long-term memory with an image illustrated on each card
(Figure 3). The third deck was used in warmup activities during
two sessions. This deck consists of triangular cards with a colored
shape (square, circle, or star) on the three corners and a digit (1,
2, or 3) inside the shape (Figure 4).

Card Games for the Training Group
The cognitive training games consist of eight modules targeting
selective attention via a visual search, interfacing with long-term
memory via sorting, dividing attention between two task sets via
dual-task activities, working memory via delayed-matching-to-
sample, updating via an n-back game, reasoning via goal-setting,
arithmetic and hypothesis testing, and problem solving via a
tactics game (see the Supplementary Information for the details
of each module). All but the sorting game had three levels of
difficulty.

Visual Search
Visual search involves searching among a matrix of cards
for a feature or a combination of two features. Given the
competition among members to win points, this exercise also

TABLE 1 | Demographic information for participants in all three conditions.

N Female participants (%) Age (years) Education level (years) MMSE score IADL score

Training group 23 65% 73.91 (6.07) 10.83 (4.38) 26.09 (1.68) 22.65 (1.27)

Active control group 23 70% 73.52 (6.21) 10.85 (3.54) 26.00 (1.73) 22.30 (1.94)

Waitlist control group 23 48% 73.30 (5.44) 9.70 (3.43) 26.65 (1.70) 21.91 (1.93)
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FIGURE 1 | An illustration of the features shown on the cards. The head
accessory varies according to the gender of the child, with a hat for a boy and
a hairpin for a girl.

engages processing speed. Goal-setting arithmetic required the
participants to perform arithmetic computation to compete for
being the first person who reached one of the pre-defined rules.
To be the first person to reach a pre-defined goal, participants
could engage in strategic thinking and problem solving.

Reasoning
Reasoning with hypothesis testing involved inferring a rule based
on the feedback provided by a dealer who showed either the
cards matching on the target feature or the cards mismatching
on the feature. Thus, it required feature-attention, hypothesis-
testing, and decision-making related to uncertainty. The Working
memory game is similar to the delayed-matching-to-sample task
by requiring the participants to find pairs that match on a feature
in a matrix of cards. Thus, participants must pay attention to

FIGURE 2 | An example of two cards that differ on all six features.

FIGURE 3 | Examples of the cards used for the sorting activity that
encourages interfacing with long-term memory.

the features and maintain information in working memory. They
could also adopt strategic thinking to hinder the chances for other
participants to get pairs.

Updating
Updating was the n-back task, and the participants had to play a
card that matched on the pre-defined feature the card shown by
the previous nth player. Both a 1-back and a 2-back game were
played. This task demands attention to features, maintenance
of information in working memory, and updating information
in working memory. Tactics activities modified the game UNO
using the deck of person cards we designed. Participants had
frequent opportunities to adopt strategic thinking based on the
cards in hand. In this game, the participants were required
to concentrate on features, maintain information in working
memory, think strategically, and make decisions related to
uncertainty.
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FIGURE 4 | An illustration of the cards used for training the switching function
in the warmup period.

Interfacing With Long-Term Memory
Interfacing with long-term memory was trained with sorting
activities in which the participants were asked to sort a deck of
cards with objects based on different categories (e.g., living or
non-living, edible or not). In the dual-task sessions, a target (a
city name or a name of an animal) was randomly selected by
the trainer, who called out the target from time to time while the
participants concentrated on the primary task. Participants were
asked to raise their hands whenever the target name was called
out. Thus, the secondary task requires maintaining a target in
working memory and monitoring the presence of the target.

To incorporate elements that promote gaming motivation, all
the games began with easy difficulty for the participants to easily
master. In many games, participants took turns being the dealer
in a run and could decide the strategies and goals on the fly
according to the cards in hand. They were also teamed up while
free discussion was encouraged in some games to satisfy the needs
of relatedness. Positive and informative feedback was provided by
revealing the accuracy of participants’ selections and decisions,
with points earned as the bonus rewards.

Board Games for the Active Control
Group
Eight commercial board games were selected for training
eye-hand coordination, rule maintenance, strategic thinking,
reasoning and planning in the active control condition (see
Supplementary Information for detailed information of each
game). None of the participants had played these games prior to
participation. As described in the Supplementary Information,
all the games required participants to follow a task rule
maintained in working memory. The goal in six games was to
sustain the balance of an object (e.g., tree trunk, an inclined

pizza) so that the participants must reason and decide which
pieces to put or draw without breaking the balance. In the other
two games, strategic thinking and decision-making were engaged
in one context that occurred occasionally. No games involved
executive control in updating, inhibition, or dividing attention
between two task rules. Processing speed was not trained as the
participants could take their time to choose their actions. The
degree of training of executive control was less than the cognitive
training condition.

Outcome Measures
We included three categories of untrained tests to measure
the training effects: executive control, reasoning, and delayed
episodic memory. The first category of three tests shared
overlapping cognitive processes with those underpinning the
training activities. According to Zokaei et al. (2017), transfer
should be observed when the transfer tests rely on neural
mechanisms that underpin the trained activities. Given that
we designed the cognitive training program to target executive
control, we expected to find benefits in the first category of tests
if the cognitive training program was effective.

Within the category of executive control, selective attention
was measured with a counting test in which participants had
to count, as quickly and as accurately as possible, the number
of intact coins among coins with a gap in one side (Figure 5
for an illustration of the target and distractors). Because the
distractors are highly similar to the target, this test requires
the participants to engage in object-based attentional control,
ignoring or inhibiting highly similar distractors, and maintain
a running count in their working memory. The test is in
paper-pencil form, with 18 targets among 32 similar distractors.
Reaction time (RT) was measured by a timer.

Control of Content in Working Memory
Control of content in working memory was assessed by the
backward digit-span test in the WAIS-III intelligence test battery.
Participants were required to remember a series of digits and
recall them in backward order. This test requires the participants
to transform the digit sequence (Reynolds, 1997), which may
engage visual strategies (Cornoldi and Mammarella, 2008). This

FIGURE 5 | An illustration of the target and distractors used in the selective
attention test.
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test also requires shifting attention, inhibition, goal planning and
monitoring (Bull et al., 2008).

Executive Function-Switching
Executive function-switching was evaluated by a modified color
trail-making test (CTMT) in paper-pencil form. Participants were
handed a piece of paper on which digits from 1 to 12 were
embedded in black and white circles. Participants were asked to
connect the digits in a sequential order while switching between
the black and white circles. Multiple processes are involved in
trail making, ranging from attentional shifting, scanning and
searching, and attentional control (Lezak et al., 2004).

Reasoning
Reasoning was tested by the Raven’s Progressive Matrices (RPM,
Raven et al., 1998) that require abstract reasoning, visuospatial
ability and test-taking strategies (Hayes et al., 2015).

Delayed Episodic Memory
Delayed episodic memory was assessed with the accuracy in
recognizing the contextual information in a story after a delay
of 5 min. The story described a robbery event, contained 15
units of information with 4 units about people, 2 units about
time, 3 units about places, 2 units about quantity, 1 unit about
object, and 3 units about action. Two versions, with an equivalent
event structure and number of units in the story, were tested for
recognition at pretest and posttest.

Procedure
One week prior to the training sessions, the outcome measures
and the MMSE were assessed individually in a quiet corner of the
community center during a period of few activities in the center.
After a brief period of rapport-building, the participants first
read and signed the informed consent form. The assessor then
began the procedure of checking the fulfillment of the inclusion
criteria, including the IADL and MMSE tests. Afterward, the
assessor conducted the tests for measuring baseline performance.
The assessor first read a short story and asked the participants
to remember it for a later test. The assessor then conducted the
selective attention test and the CTMT test. On each test, the
participants first practiced on a short form before taking the test.
The paper was facing down and flipped when the participants
were ready. RT of the selective attention test was recorded by a
timer which was activated when the assessor flipper the paper.
The CTMT test had a time limit of 3 min. Upon completion,
the participants could rest until 5 min had elapsed from the
end of story reading. The assessor then conducted the RPM test.
The pretest session took approximately 1.5–2 h. The outcome
measures were again administered to participants in the training
and active-control groups 1 week after the program. The same set
of measures was administered to the waitlist control group with
the same interval between the pretest and posttest.

Cognitive Training Program
The program was carried out in each community center. Five to
six persons were assigned to one group and group membership
remained the same throughout the training period. Each group

was trained at different times of the week to reduce any
intergroup interference, with 1 day intervening between the
two sessions for distributed practice of cognitive functions. In
each session, we first ran warmup activities for an average of
15 min (10–20 min in different sessions). Warmup activities were
designed to tap the abilities of attentional focusing, executive
functions, short-term memory of associations, and memory of
related or unrelated items over a long period of time (See
Supplementary Information for the details of each activity).

The order of arranging each module was fixed across the
training groups for the reason that the participants could become
familiar with features on the cards during early sessions and
played games that involve more functions in later sessions.
To familiarize the participants with the cards we designed, we
adopted the visual search game in the 1st week. Except for tactics
and sorting, each module was run in both sessions of the same
week. The training of interfacing with long-term memory was run
in only one session, because some participants found the activities
less appealing and they were not motivated to continue the
training for another session. Since tactics was favored by most of
the participants, it was run for three sessions. Dual-task training
was conducted in the last week, with the goal-setting arithmetic
activities in one session and the tactics in another session as the
primary game. Each training session lasted for 75 min, with a
break of 15 min after 30 min of activities. Each session involved
many runs of activities, the person who reached the goal first in
a run earned a point, and the winner who accumulated the most
points at the end of a session received a small gift (e.g., soap, a
bottle of dishwashing liquid).

Active Control Group
All aspects were similar to those experienced by the training
group except for the games played in the sessions. In the warmup
period, the participants chat about recent events in their lives
and which parts of the previous training activities were more
appealing to them. As in the cognitive training condition, the
winner who accumulated the most points in each session received
a small gift.

Waitlist Control Group
No contacts were made between the pretest and posttest.
Participants simply carried out their routines as usual. They
served as volunteers in the center at least once a week.

RESULTS

The proportion of correct responses in accuracy was first
calculated for each measure. We normalized the scores of each
measure across the three groups for the pretest and posttest
using the mean and standard deviation of 138 observations.
Four measures related to executive control (RT of the selective
attention test, accuracy of the selection test, backward digit span,
and CTMT) were averaged as a composite score3. Analyses were

3As RT has higher resolution and is more sensitive to changes compared to
accuracy, we excluded RT from the composite score in another analysis. The results
remained the same.
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conducted on the normalized scores using a 3 (group: training,
active-control, waitlist-control) x 2 (test time: pretest, posttest)
mixed-design analysis of variance (ANOVA).

Executive Control
The results showed a significant interaction between group and
test time, F(2,66) = 7.84, p < .001, η2

p = 0.19. The simple main
effect of test time showed that the cognitive training group
significantly improved on executive control, F(1,66) = 28.57,
p < 0.001, η2

p = 0.30, the active control group showed a trend
of improvement, F(1,66) = 3.61, p = 0.06, η2

p = 0.05, and the
waitlist group did not show any improvement (p = 0.84). Figure 6
shows the normalized scores across three groups at the pretest
and the posttest. The results of following two-way mixed-design
ANOVAs showed that the Group x Test time interaction was not
significant when comparing the two control groups (p = 0.18),
significant when comparing the cognitive training group with the
active control group, F(1,44) = 7.40, p < 0.01, η2

p = 0.14, and when
contrasting the cognitive training group with the waitlist control
group, F(1,44) = 14.61, p < 0.001, η2

p = 0.25.

Reasoning
The results (Figure 6) showed a significant main effect of test
time, F(1,66) = 6.29, p = 0.01, η2

p = 0.08 and the other effects
were not significant (ps > 0.30). All participants improved from
the pretest to the posttest.

Delayed Episodic Memory
The analysis did not show any significant effects (ps > 0.05).
The cognitive training group did not outperform than the other
groups.

DISCUSSION

The aim of this study was to investigate whether a group-based
multi-component cognitive training with social engagement
can improve executive control in older adults. We developed
warm-up activities and card games based on theoretical models
of executive functions. Participants went through 8 weeks of
cognitive training, with two sessions a week and 1.5 h per session.
To examine whether social engagement with activities targeting

cognitive functions at a low-demand level, we also included
an active control group. A group of volunteers served as a
waitlist control condition to investigate test-retest effects. The
results showed that only the cognitive training group improved
significantly on executive control. The active control group
showed a trend for improvement, and the waitlist control group
did not show any changes in the functions related to executive
control. When contrasting the cognitive training group with each
of the two control groups, the effect size was larger compared with
the waitlist control group. All three groups showed significant
improvement in reasoning and not on the test of delayed episodic
memory.

SOCIAL ENGAGEMENT ON COGNITIVE
FUNCTIONS

The results echo the suggestion that an active (or a treated)
control group is necessary to evaluate the effects of a training
program (see Melby-Lervåg et al., 2016 for a review), as the effect
size was larger when contrasting the cognitive training group with
the waitlist control group. Nevertheless, the inclusion of a waitlist
control group still has its merits as it allows the examination of
cognitive performance after a period of daily activities without
any specific cognitive intervention and rules out the possibility
that the improvement results from being familiar with the test.
All three groups showed improvement on the test of reasoning,
suggesting a role for familiarity.

Note that the participants in the waitlist control group
volunteered at least once a week, and they went to the
community center frequently. Correlational studies have shown
that volunteer work protects against cognitive aging (see
Anderson et al., 2014; Guiney and Machado, 2017; Proulx et al.,
2017 for reviews). The results of the Experience Corps project
(Carlson et al., 2008, 2009) have shown the benefits of volunteer
work for those who showed impairment at baseline before joining
the project. Volunteer work also led to a medium-sized but non-
significant neural effect at a 2-year follow-up (Carlson et al.,
2015).

Two causes may explain the finding of no improvement
on executive control in the waitlist control group. First, the
volunteers recruited were active and were not impaired generally

FIGURE 6 | The standardized scores as a function of group and test time on (A) the composite measure of executive control, (B) the measure of reasoning, and (C)
delayed episodic memory.
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in cognitive functions. Second, the cognitive processes required
in their volunteer work may not have imposed adequate
challenges to the neural systems to trigger any change in the
plasticity or efficiency of neural processes related executive
control. The participants helped visitors in various activities
(e.g., paperwork for using facilities) and served meals for other
elders coming to the center. They also participated in various
social activities (e.g., field trips) with others as a group. Social
interaction characterizes their volunteer work. By contrast, the
participants in the Experience Corps project were trained to
assist with a variety of activities, such as reading and literacy
skills practice, library support, violence prevention, community
outreach, and behavior management. They also committed
15 h per week of service for at least 1 year (Glass et al.,
2004). The finding of intervention effects on the hippocampal
volume (Carlson et al., 2015) may have arisen from the
remembering and execution of many new skills. The activities
and cognitive processes involved in the volunteer work should
be clearly charted in future research to investigate its effects on
cognitive functions. Productive engagement rather than receptive
engagement is more beneficial for cognitive functions (Park et al.,
2014). Productive engagement at a less-demanding level can
lead to some improvement on the trained cognitive functions,
as the active control group showed a trend for improvement
on executive control. The effect arose because participants were
required to maintain the task rule in working memory and
reason through action plans for all games. Additionally, they were
engaged in hypothesis testing in certain contexts.

NEAR, BUT NOT FAR TRANSFER

Although we adopted untrained tests for measuring the training
effects, the benefits should be taken as a near transfer when the
trained functions and the outcome measures share overlapping
cognitive processes, and therefore, engage overlapping neural
mechanisms. Zokaei et al. (2017) argue that far transfers
without overlapping neural systems may not make sense from
a theoretical viewpoint. Supporting this view, we observed a
significant transfer effect on executive control in the training
group and a marginal effect in the active control group. The
improvement may have resulted from repeated challenges to
the cortical circuits sub-serving trained processes as expected by
the cognitive reserve hypothesis (Whalley et al., 2004) or from
increasing the plasticity of the cortical circuits in response to
training activities as hypothesized by the STAC-r model (Reuter-
Lorenz and Park, 2014). By contrast, null group effects were
observed in the test of reasoning and the test of delayed episodic
memory. The null effects arise because the cognitive processes
underlying these two tests were untrained.

We incorporated a module on practicing reasoning and a
module of tactics that requires strategic thinking. The trained
activities may not fully engage the cognitive processes that are
critical to problem solving in the RPM test. The trained activities
require reasoning based on feature attributes without relational
integration. By contrast, the RPM test requires relational
integration at abstraction to solve each problem. Similarly, the

null group effect on the test of delayed episodic memory may have
arisen from not engaging the critical cognitive processes required
in performing the test. Although the participants engaged with
activities requiring memory processes in most of the warmup
sessions and with a module of short-term memory in formal
training, the contents they were required to remember do not
contain many contextual elements. Another reason for not
observing benefits on the delayed episodic memory is that we
never trained the participants on using different mnemonics for
encoding contextual information. A third reason is that the story
is too short with only 15 units of information for measuring the
changes after 5 min of distraction. Very few participants in each
group scored less than 80% of accuracy at the pretest. The ceiling
effect may underlie the null results.

Integrating results across studies of the Experience Corp
project (Carlson et al., 2009), new learning (Chan et al., 2014;
Park et al., 2014), social engagement (Stine-Morrow et al., 2014),
and the results of the current study suggest that the cognitive
processes involved in social engagement determine whether an
intervention could be beneficial to cognitive functions. Benefits
for cognitive functions occur only when the cognitive processes
trained in social engagement trigger plasticity or efficiency in
the underpinning neural systems. Therefore, transfer occurs only
when the outcome measures engage cognitive processes that rely
on the neural systems activated by the trained activities (Zokaei
et al., 2017).

The NeuroRacer game, for example, trains older adults to
coordinate a tracking task and a signal detection task (Anguera
et al., 2013). The far transfer to tests of sustained attention
and working memory may have arisen from cognitive control
processes that activate neural mechanisms that are similar to the
ones engaged during training. The dual-task training requires the
maintenance of task rules in working memory (e.g., only respond
when the green circle occurs, keeping the car on the cross cursor),
focused attention on matching the car onto the cursor, inhibition
of responses when non-targets occur, and switching attention
between the tracking and detection tasks.

Similarly, productive engagement in new learning (Park
et al., 2014) and in solving ill-defined problems (Stine-
Morrow et al., 2014) enhances cognitive functions that share
overlapping processes with the trained activities. For example,
learning digital photography requires remembering contextual
information (e.g., when to use a function) and sequential
organization (e.g., the steps of achieving a goal). As a result,
participants who learned digital photography improved more on
episodic memory (Park et al., 2014). Participants who worked
on solving ill-defined problems improved on divergent thinking
(Stine-Morrow et al., 2014). The mechanisms underlying the
improvements on executive functions after learning to use
Facebook (Myhre et al., 2017) remain less clear.

MULTI-COMPONENT COGNITIVE
TRAINING WITH SOCIAL ENGAGEMENT

A group-based cognitive training has many drawbacks. First,
it is difficult to match the intelligence or cognitive functions
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among group members. Second, it is difficult to control the
trained content with precision, because group dynamics can
easily alter the progress. The sorting game was run in only one
session because some participants expressed reluctance to play
the game, and their attitudes influenced other group members.
Third, each training session may need to blend different training
activities to sustain motivation. Fourth, it requires a trainer who
is good at interacting with older adults and who can adjust the
training activities on the fly. Fifth, an interactive, group-based
training cannot adapt task difficulty for each participant. The
training cannot be personalized, which is considered important
for improving cognitive functions (see Bamidis et al., 2015;
Zokaei et al., 2017). Lastly, it is more difficult to keep the same
members in each group for scheduling, and a long period of
training is unlikely to recruit participants.

Despite the many disadvantages of group-based, multi-
component cognitive training, the current study shows
promising results for promoting group-based cognitive training
in community settings. Note that we designed the games based
on theoretical models of executive control rather than using
traditional tasks used in laboratory settings that are more
appropriate in a one-to-one context. The results are in line
with the STAC-r model (Reuter-Lorenz and Park, 2014) and
the cognitive reserve model (Whalley et al., 2004) in which the
plasticity and efficiency of cortical circuits play a key role in
maintaining cognitive functions in older adults. An intervention
may be effective only when the trained cognitive processes
impose sufficient challenges to the underlying neural systems.
Without the activated plasticity or efficiency in the neural
systems, older adults may simply adopt their usual processing
strategy to meet the demands in everyday life. The “use or lose
it” philosophy stands valid. Using card games to teach and
practice strategies for attention, control, memory, and solving
complex problems with adaptive training can be beneficial to
older adults in community settings where people gather and
interact.

It should be noted that cognitive training does not always
bring near transfer effects especially when the training effect
is tested years after the intervention. Even with boosting
sessions before assessment, training of reasoning and of memory
functions does not lead to any near transfer effects 10 years
after the intervention (Rebok et al., 2014). Meta-analysis studies
also showed small effect sizes of near transfer (Karr et al.,
2014; Kelly et al., 2014). An effective approach could be
integrating theoretically based multi-component interventions
that engage the neural mechanisms involved in daily activities.
Moreover, many factors could influence the outcome of an
intervention program, including participant variables (e.g.,
education, personality traits related to motivation and need for
cognition, life style), intervention variables (e.g., the duration
of the intervention over time, the dosages of the intervention
each time, spaced versus massed intervention). The factors of
these two categories could interact to influence the outcome of
an intervention program. Future research should systematically
investigate how these variables interactively modulate the
outcomes of a cognitive training program and the neural
mechanisms that support the outcomes.

LIMITATIONS

Seven limitations are acknowledged. Firstly, the sample size
of each group is small. Although we reached the minimum
requirement of 20 subjects per condition (Simmons et al., 2011),
the sample size is rather small compared with studies of new
learning or social engagement using a large sample (Park et al.,
2014; Stine-Morrow et al., 2014). The relatively small sample
size could limit the ability to observe significant effects when the
effects are small. Second, we did not include a group with pure
cognitive training for comparison. It is uncertain whether the
benefits observed in the cognitive training group could exceed
cognitive training alone. We did not include this group for a
few reasons. We were motivated to promote cognitive training in
community settings. Many games could not be played alone, and
it is more fun to play with others. Additionally, social interaction
is inevitable, even in a one-to-one customized training program.

The third limitation in the current study is the usage
of a subgroup of tests for measuring executive control but
only one test for measuring reasoning and one test for
assessing delayed episodic memory. Additionally, we did not
include measures of cognitive performance in real-world
scenarios. We did so to minimize fatigue and impatience
while focusing on the measures that share overlapping
cognitive processes with those underpinning the trained
activities. The fourth limitation is the null evidence that the
degree of social engagement was comparable between the
training and the active control groups. Thus, differences in
motivation may also underlie the results. The fifth limitation
is the inability to conduct a follow-up study to investigate
whether the training effects can be maintained over time. We
could not fulfill this plan because not all participants could
commit to a follow-up study. The sixth limitation is that
processing speed was trained in the cognitive training group
but not in the control groups such that the improvement
in processing efficiency could contribute to the benefits in
executive control. Lastly, we did not conduct neuroimaging
studies to validate our manipulations to confirm the change in
neural efficiency or plasticity. Therefore, we could not verify
whether compensatory processes indeed occur for testing the
scaffolding framework and the cognitive reserve model. Without
this information, it is unknown why the training benefits
executive control in behavioral measures. Future research should
investigate whether multi-component cognitive training with
social engagement indeed triggers changes in efficiency or
plasticity in the underlying neural systems to produce training
benefits.

CONCLUSION

We tested whether a group-based multi-component cognitive
training can lead to benefits for older adults. We designed a
battery of card games and warmup activities based on theoretical
frameworks of executive control. Given the shared cognitive
processes, this cognitive training leads to benefits for executive
control via repeated challenges to these processes. However, we
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did not find transfer effects for reasoning or delayed episodic
memory as these two functions were less trained. Future research
may incorporate games and activities that trigger efficiency and
plasticity in the neural systems supporting these two functions.
For adaptive training to be more effective in a group-based
intervention, participants may need to be matched on core
functions, such as working memory capacity. Systematic research
in this area may provide valuable guidelines for taking the
interventions to community settings as a choice for older adults
to maintain or improve their cognitive functions in various
domains.

AUTHOR CONTRIBUTIONS

Y-YY, C-YK, and Y-MH developed the study concept and design.
Data was collected and analyzed by C-YK. All authors interpreted
the results. C-YK drafted the manuscript under the supervision
of Y-YY and Y-MH, and Y-YY provided critical revisions.
All authors approved the final version of the manuscript for
submission.

FUNDING

This study was supported by grants from the Ministry of Science
and Technology, Taiwan to Y-YY (MOST 104-2410-H-002-
056-MY2 and NSC 102-2420-H-002-009-MY2) and to C-YK
(MOST 104-2410-H-003-135-MY3 and MOST 107-2410-H-003-
070-MY2).

ACKNOWLEDGMENTS

We thank Yu-Ling Chang for her comments on an earlier
version of the manuscript; Cecilia Tien, Yun-Chi Liao, Chia-
Yun Hsieh, Yi-Hsuan Wu, Chih-Kai Chang, Yao-Ming Hsieh,
Chi-Chin Wang, for their assistance in carrying out the study.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpsyg.
2018.02482/full#supplementary-material

REFERENCES
Anderson, N. D., Damianakis, T., Kröger, E., Wagner, L. M., Dawson, D. R., Binns,

M. A., et al. (2014). The benefits associated with volunteering among seniors:
a critical review and recommendations for future research. Psychol. Bull. 140,
1505–1533. doi: 10.1037/a0037610

Anderson-Hanley, C., Arciero, P. J., Brickman, A. M., Nimon, J. P., Okuma, N.,
Westen, S. C., et al. (2012). Exergaming and older adult cognition: a cluster
randomized clinical trial. Am. J. Prev. Med. 42, 109–119. doi: 10.1016/j.amepre.
2011.10.016

Anguera, J. A., Boccanfuso, J., Rintoul, J. L., Al-Hashimi, O., Faraji, F., Janowich, J.,
et al. (2013). Video game training enhances cognitive control in older adults.
Nature 501, 97–101. doi: 10.1038/nature12486

Baddeley, A. (1998). The central executive: a concept and some misconceptions.
J. Int. Neuropsychol. Soc. 4, 523–526. doi: 10.1017/S135561779800513X

Baddeley, A. (2012). Working memory: theories, models, and controversies. Annu.
Rev. Psychol. 63, 1–29. doi: 10.1146/annurev-psych-120710-100422

Ballesteros, S., Kraft, E., Santana, S., and Tziraki, C. (2015). Maintaining older
brain functionality: a targeted review. Neurosci. Biobehav. Rev. 55, 453–477.
doi: 10.1016/j.neubiorev.2015.06.008

Bamidis, P. D., Fissler, P., Papageorgiou, S. G., Zilidou, V., Konstantinidis, E. I.,
Billis, A. S., et al. (2015). Gains in cognition through combined cognitive and
physical training: the role of training dosage and severity of neurocognitive
disorder. Front. Aging Neurosci. 7:152. doi: 10.3389/fnagi.2015.00152

Bamidis, P. D., Vivas, A. B., Styliadis, C., Frantzidis, C., Klados, M., Schlee, W.,
et al. (2014). A review of physical and cognitive interventions in aging. Neurosci.
Biobehav. Rev. 44, 206–220. doi: 10.1016/j.neubiorev.2014.03.019

Beauchamp, K. G., Kahn, L. E., and Berkman, E. T. (2016). Does inhibitory
control training transfer? Behavioral and neural effects on an untrained emotion
regulation task. Soc. Cognit. Affect. Neurosci. 11, 1374–1382. doi: 10.1093/scan/
nsw061

Binder, J. C., Martin, M., Zöllig, J., Röcke, C., Mérillat, S., Eschen, A., et al.
(2016). Multi-domain training enhances attentional control. Psychol. Aging 31,
390–408. doi: 10.1037/pag0000081

Binder, J. C., Zöllig, J., Eschen, A., Mérillat, S., Röcke, C., Schoch, S., et al.
(2015). Multi-domain training in healthy old age: hotel plastisse as an iPad-
based serious game to systematically compare multi-domain and single-domain
training. Front. Aging Neurosci. 7:137. doi: 10.3389/fnagi.2015.00137

Bull, R., Espy, K. A., and Wiebe, S. A. (2008). Short-term memory, working
memory, and executive functioning in preschoolers: longitudinal predictors

of mathematical achievement at age 7 years. Dev. Neuropsychol. 33, 205–228.
doi: 10.1080/87565640801982312

Burzynska, A. Z., Jiao, Y., Knecht, A. M., Fanning, J., Awick, E. A., Chen, T., et al.
(2017). White matter integrity declined over 6-months, but dance intervention
improved integrity of the fornix of older adults. Front. Aging Neurosci. 9:59.
doi: 10.3389/fnagi.2017.00059

Cao, W., Cao, X., Hou, C., Li, T., Cheng, Y., Jiang, L., et al. (2016). Effects of
cognitive training on resting-state functional connectivity of default mode,
salience, and central executive networks. Front. Aging Neurosci. 8:70. doi: 10.
3389/fnagi.2016.00070

Carlson, M. C., Erickson, K. I., Kramer, A. F., Voss, M. W., Bolea, N., Mielke, M.,
et al. (2009). Evidence for neurocognitive plasticity in at-risk older adults:
the experience corps program. J. Gerontol. Ser. A Biomed. Sci. Med. Sci. 64,
1275–1282. doi: 10.1093/gerona/glp117

Carlson, M. C., Kuo, J. H., Chuang, Y. F., Varma, V. R., Harris, G., Albert, M. S.,
et al. (2015). Impact of the baltimore experience corps trial on cortical and
hippocampal volumes. Alzheimer’s Dement. 11, 1340–1348. doi: 10.1016/j.jalz.
2014.12.005

Carlson, M. C., Saczynski, J. S., Rebok, G. W., Seeman, T., Glass, T. A.,
McGill, S., et al. (2008). Exploring the effects of an “everyday” activity
program on executive function and memory in older adults: experience Corps R©.
Gerontologist 48, 793–801. doi: 10.1016/j.jalz.2014.12.005

Chan, M. Y., Haber, S., Drew, L. M., and Park, D. C. (2014). Training older adults
to use tablet computers: does it enhance cognitive function? Gerontologist 56,
475–484. doi: 10.1093/geront/gnu057

Cheng, Y., Wu, W., Feng, W., Wang, J., Chen, Y., Shen, Y., et al. (2012). The effects
of multi-domain versus single-domain cognitive training in non-demented
older people: a randomized controlled trial. BMC Med. 10:30. doi: 10.1186/
1741-7015-10-30

Cornoldi, C., and Mammarella, I. C. (2008). A comparison of backward and
forward spatial spans. Quart. J. Exp. Psychol. 61, 674–682. doi: 10.1080/
17470210701774200

Dartigues, J. F., Foubert-Samier, A., Le Goff, M., Viltard, M., Amieva, H., Orgogozo,
J. M., et al. (2013). Playing board games, cognitive decline and dementia: a
French population-based cohort study. BMJ Open 3:e002998. doi: 10.1136/
bmjopen-2013-002998

Diamond, A. (2013). Executive functions. Annu. Rev. Psychol. 64, 135–168. doi:
10.1146/annurev-psych-113011-143750

Diamond, A., and Ling, D. S. (2016). Conclusions about interventions, programs,
and approaches for improving executive functions that appear justified and

Frontiers in Psychology | www.frontiersin.org 11 December 2018 | Volume 9 | Article 2482

https://www.frontiersin.org/articles/10.3389/fpsyg.2018.02482/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyg.2018.02482/full#supplementary-material
https://doi.org/10.1037/a0037610
https://doi.org/10.1016/j.amepre.2011.10.016
https://doi.org/10.1016/j.amepre.2011.10.016
https://doi.org/10.1038/nature12486
https://doi.org/10.1017/S135561779800513X
https://doi.org/10.1146/annurev-psych-120710-100422
https://doi.org/10.1016/j.neubiorev.2015.06.008
https://doi.org/10.3389/fnagi.2015.00152
https://doi.org/10.1016/j.neubiorev.2014.03.019
https://doi.org/10.1093/scan/nsw061
https://doi.org/10.1093/scan/nsw061
https://doi.org/10.1037/pag0000081
https://doi.org/10.3389/fnagi.2015.00137
https://doi.org/10.1080/87565640801982312
https://doi.org/10.3389/fnagi.2017.00059
https://doi.org/10.3389/fnagi.2016.00070
https://doi.org/10.3389/fnagi.2016.00070
https://doi.org/10.1093/gerona/glp117
https://doi.org/10.1016/j.jalz.2014.12.005
https://doi.org/10.1016/j.jalz.2014.12.005
https://doi.org/10.1016/j.jalz.2014.12.005
https://doi.org/10.1093/geront/gnu057
https://doi.org/10.1186/1741-7015-10-30
https://doi.org/10.1186/1741-7015-10-30
https://doi.org/10.1080/17470210701774200
https://doi.org/10.1080/17470210701774200
https://doi.org/10.1136/bmjopen-2013-002998
https://doi.org/10.1136/bmjopen-2013-002998
https://doi.org/10.1146/annurev-psych-113011-143750
https://doi.org/10.1146/annurev-psych-113011-143750
https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-09-02482 December 4, 2018 Time: 8:40 # 12

Kuo et al. Cognitive Training With Social Engagement for Elders

those that, despite much hype, do not. Dev. Cognit. Neurosci. 18, 34–48. doi:
10.1016/j.dcn.2015.11.005

Eckroth-Bucher, M., and Siberski, J. (2009). Preserving cognition through an
integrated cognitive stimulation and training program. Am. J. Alzheimer’s Dis.
Other Dement. 24, 234–245. doi: 10.1177/1533317509332624

Erickson, K. I., Voss, M. W., Prakash, R. S., Basak, C., Szabo, A., Chaddock, L., et al.
(2011). Exercise training increases size of hippocampus and improves memory.
Proc. Natl. Acad. Sci. U.S.A. 108, 3017–3022. doi: 10.1073/pnas.1015950108

Fissler, P., Küster, O., Schlee, W., and Kolassa, I. T. (2013). Novelty interventions to
enhance broad cognitive abilities and prevent dementia: synergistic approaches
for the facilitation of positive plastic change. Prog. Brain Res. 207, 403–434.
doi: 10.1016/B978-0-444-63327-9.00017-5

Gates, N., and Valenzuela, M. (2010). Cognitive exercise and its role in cognitive
function in older adults. Curr. Psychiatry Rep. 12, 20–27. doi: 10.1007/s11920-
009-0085-y

Gates, N. J., and Sachdev, P. (2014). Is cognitive training an effective treatment
for preclinical and early Alzheimer’s disease? J. Alzheimer’s Dis. 42, S551–S559.
doi: 10.3233/JAD-141302

Glass, T. A., Freedman, M., Carlson, M. C., Hill, J., Frick, K. D., Ialongo, N.,
et al. (2004). Experience Corps: design of an intergenerational program to boost
social capital and promote the health of an aging society. J. Urban Health 81,
94–105. doi: 10.1093/jurban/jth096

Guiney, H., and Machado, L. (2017). Volunteering in the community: potential
benefits for cognitive aging. J. Gerontol. Ser. B 73, 399–408. doi: 10.1093/geronb/
gbx134

Hayes, T. R., Petrov, A. A., and Sederberg, P. B. (2015). Do we really become
smarter when our fluid-intelligence test scores improve? Intelligence 48, 1–14.
doi: 10.1016/j.intell.2014.10.005

Heinzel, S., Rimpel, J., Stelzel, C., and Rapp, M. A. (2017). Transfer effects to a
multimodal dual-task after working memory training and associated neural
correlates in older adults–a pilot study. Front. Hum. Neurosci. 11:85. doi: 10.
3389/fnhum.2017.00085

Hussey, E. K., Harbison, J., Teubner-Rhodes, S. E., Mishler, A., Velnoskey, K., and
Novick, J. M. (2017). Memory and language improvements following cognitive
control training. J. Exp. Psychol. Learn. Mem. Cognit. 43, 23–58. doi: 10.1037/
xlm0000283

Jiang, L., Cao, X., Li, T., Tang, Y., Li, W., Wang, J., et al. (2016). Cortical thickness
changes correlate with cognition changes after cognitive training: evidence from
a chinese community study. Front. Aging Neurosci. 8:118. doi: 10.3389/fnagi.
2016.00118

Jonasson, L. S., Nyberg, L., Kramer, A. F., Lundquist, A., Riklund, K., and
Boraxbekk, C. J. (2017). Aerobic exercise intervention, cognitive performance,
and brain structure: results from the physical influences on brain in aging
(PHIBRA) study. Front. Aging Neurosci. 8:336. doi: 10.3389/fnagi.2016.00336

Karr, J. E., Areshenkoff, C. N., Rast, P., and Garcia-Barrera, M. A. (2014). An
empirical comparison of the therapeutic benefits of physical exercise and
cognitive training on the executive functions of older adults: a meta-analysis of
controlled trials. Neuropsychology 28, 829–845. doi: 10.1037/neu0000101.supp

Kattenstroth, J. C., Kalisch, T., Holt, S., Tegenthoff, M., and Dinse, H. R. (2013). Six
months of dance intervention enhances postural, sensorimotor, and cognitive
performance in elderly without affecting cardio-respiratory functions. Front.
Aging Neurosci. 5:5. doi: 10.3389/fnagi.2013.00005

Kelly, M. E., Loughrey, D., Lawlor, B. A., Robertson, I. H., Walsh, C., and
Brennan, S. (2014). The impact of cognitive training and mental stimulation on
cognitive and everyday functioning of healthy older adults: a systematic review
and meta-analysis. Ageing Res. Rev. 15, 28–43. doi: 10.1016/j.arr.2014.02.004

Kim, S. (2015). Cognitive rehabilitation for elderly people with early-stage
Alzheimer’s disease. J. Phys. Ther. Sci. 27, 543–546. doi: 10.1589/jpts.27.543

Kueider, A. M., Parisi, J. M., Gross, A. L., and Rebok, G. W. (2012). Computerized
cognitive training with older adults: a systematic review. PLoS One 7:e40588.
doi: 10.1371/journal.pone.0040588

Küper, K., Gajewski, P. D., Frieg, C., and Falkenstein, M. (2017). A randomized
controlled erp study on the effects of multi-domain cognitive training and task
difficulty on task switching performance in older adults. Front. Hum. Neurosci.
11:184. doi: 10.3389/fnhum.2017.00184

Lezak, M. D., Howieson, D. B., Loring, D. W., Hannay, H. J., and Fischer,
J. S. (2004). Neuropsychological Assessment, 4th Edn. New York, NY: Oxford
University Press.

Li, H. J., Hou, X. H., Liu, H. H., Yue, C. L., Lu, G. M., and Zuo, X. N. (2015).
Putting age-related task activation into large-scale brain networks: a meta-
analysis of 114 fMRI studies on healthy aging. Neurosci. Biobehav. Rev. 57,
156–174. doi: 10.1016/j.neubiorev.2015.08.013

McDonough, I. M., Haber, S., Bischof, G. N., and Park, D. C. (2015). The
synapse project: engagement in mentally challenging activities enhances neural
efficiency. Restorat. Neurol. Neurosci. 33, 865–882. doi: 10.3233/RNN-150533

Melby-Lervåg, M., Redick, T. S., and Hulme, C. (2016). Working memory training
does not improve performance on measures of intelligence or other measures
of “far transfer” evidence from a meta-analytic review. Perspect. Psychol. Sci. 11,
512–534. doi: 10.1177/1745691616635612

Miller, S. M., and Taylor-Piliae, R. E. (2014). Effects of Tai Chi on cognitive
function in community-dwelling older adults: a review. Geriatr. Nurs. 35, 9–19.
doi: 10.1016/j.gerinurse.2013.10.013

Miyake, A., and Friedman, N. P. (2012). The nature and organization of individual
differences in executive functions: four general conclusions. Curr. Direct.
Psychol. Sci. 21, 8–14. doi: 10.1177/0963721411429458

Motes, M. A., Yezhuvath, U. S., Aslan, S., Spence, J. S., Rypma, B., and Chapman,
S. B. (2018). Higher-order cognitive training effects on processing speed–related
neural activity: a randomized trial. Neurobiol. Aging 62, 72–81. doi: 10.1016/j.
neurobiolaging.2017.10.003

Myhre, J. W., Mehl, M. R., and Glisky, E. L. (2017). Cognitive benefits of online
social networking for healthy older adults. J. Gerontol. Ser. B 72, 752–760.
doi: 10.1093/geronb/gbw025

Park, D. C., Lodi-Smith, J., Drew, L., Haber, S., Hebrank, A., Bischof, G. N.,
et al. (2014). The impact of sustained engagement on cognitive function in
older adults: the synapse project. Psychol. Sci. 25, 103–112. doi: 10.1177/
0956797613499592

Proulx, C. M., Curl, A. L., and Ermer, A. E. (2017). Longitudinal associations
between formal volunteering and cognitive functioning. J. Gerontol. Series B 73,
522–531. doi: 10.1093/geronb/gbx110

Raven, J. C., Raven, J. E., and Court, J. H. (1998). Progressive Matrices. Oxford:
Oxford Psychologists Press.

Rebok, G. W., Ball, K., Guey, L. T., Jones, R. N., Kim, H. Y., King, J. W., et al.
(2014). Ten-year effects of the ACTIVE cognitive training trial on cognition
and everyday functioning in older adults. J. Am. Geriatr. Soc. 62, 16–24. doi:
10.1111/jgs.12607

Rebok, G. W., Carlson, M. C., and Langbaum, J. B. (2007). Training and
maintaining memory abilities in healthy older adults: traditional and novel
approaches. J. Gerontol. Ser. B Psychol. Sci. Soc. Sci. 62, 53–61. doi: 10.1093/
geronb/62.special_issue_1.53

Reuter-Lorenz, P. A., and Park, D. C. (2014). How does it STAC up? Revisiting
the scaffolding theory of aging and cognition. Neuropsychol. Rev. 24, 355–370.
doi: 10.1007/s11065-014-9270-9

Reynolds, C. R. (1997). Forward and backward memory span should not be
combined for clinical analysis. Arch. Clin. Neuropsychol. 12, 29–40. doi: 10.
1093/arclin/12.1.29

Royall, D. R., Lauterbach, E. C., Kaufer, D., Malloy, P., Coburn, K. L., and
Black, K. J. (2007). The cognitive correlates of functional status: a review from
the Committee on Research of the American Neuropsychiatric Association.
J. Neuropsychiatry Clin. Neurosci. 19, 249–265. doi: 10.1176/appi.neuropsych.
19.3.249

Simmons, J. P., Nelson, L. D., and Simonsohn, U. (2011). False-positive psychology:
undisclosed flexibility in data collection and analysis allows presenting
anything as significant. Psychol. Sci. 22, 1359–1366. doi: 10.1177/095679761141
7632

Stine-Morrow, E. A., Payne, B. R., Roberts, B. W., Kramer, A. F., Morrow,
D. G., Payne, L., et al. (2014). Training versus engagement as paths to
cognitive enrichment with aging. Psychol. Aging 29, 891–906. doi: 10.1037/a00
38244

Strenziok, M., Parasuraman, R., Clarke, E., Cisler, D. S., Thompson, J. C.,
and Greenwood, P. M. (2014). Neurocognitive enhancement in older adults:
comparison of three cognitive training tasks to test a hypothesis of training
transfer in brain connectivity. Neuroimage 85, 1027–1039. doi: 10.1016/j.
neuroimage.2013.07.069

Thompson, T. W., Waskom, M. L., and Gabrieli, J. D. (2016). Intensive working
memory training produces functional changes in large-scale frontoparietal
networks. J. Cogn. Neurosci. 28, 575–588. doi: 10.1162/jocn_a_00916

Frontiers in Psychology | www.frontiersin.org 12 December 2018 | Volume 9 | Article 2482

https://doi.org/10.1016/j.dcn.2015.11.005
https://doi.org/10.1016/j.dcn.2015.11.005
https://doi.org/10.1177/1533317509332624
https://doi.org/10.1073/pnas.1015950108
https://doi.org/10.1016/B978-0-444-63327-9.00017-5
https://doi.org/10.1007/s11920-009-0085-y
https://doi.org/10.1007/s11920-009-0085-y
https://doi.org/10.3233/JAD-141302
https://doi.org/10.1093/jurban/jth096
https://doi.org/10.1093/geronb/gbx134
https://doi.org/10.1093/geronb/gbx134
https://doi.org/10.1016/j.intell.2014.10.005
https://doi.org/10.3389/fnhum.2017.00085
https://doi.org/10.3389/fnhum.2017.00085
https://doi.org/10.1037/xlm0000283
https://doi.org/10.1037/xlm0000283
https://doi.org/10.3389/fnagi.2016.00118
https://doi.org/10.3389/fnagi.2016.00118
https://doi.org/10.3389/fnagi.2016.00336
https://doi.org/10.1037/neu0000101.supp
https://doi.org/10.3389/fnagi.2013.00005
https://doi.org/10.1016/j.arr.2014.02.004
https://doi.org/10.1589/jpts.27.543
https://doi.org/10.1371/journal.pone.0040588
https://doi.org/10.3389/fnhum.2017.00184
https://doi.org/10.1016/j.neubiorev.2015.08.013
https://doi.org/10.3233/RNN-150533
https://doi.org/10.1177/1745691616635612
https://doi.org/10.1016/j.gerinurse.2013.10.013
https://doi.org/10.1177/0963721411429458
https://doi.org/10.1016/j.neurobiolaging.2017.10.003
https://doi.org/10.1016/j.neurobiolaging.2017.10.003
https://doi.org/10.1093/geronb/gbw025
https://doi.org/10.1177/0956797613499592
https://doi.org/10.1177/0956797613499592
https://doi.org/10.1093/geronb/gbx110
https://doi.org/10.1111/jgs.12607
https://doi.org/10.1111/jgs.12607
https://doi.org/10.1093/geronb/62.special_issue_1.53
https://doi.org/10.1093/geronb/62.special_issue_1.53
https://doi.org/10.1007/s11065-014-9270-9
https://doi.org/10.1093/arclin/12.1.29
https://doi.org/10.1093/arclin/12.1.29
https://doi.org/10.1176/appi.neuropsych.19.3.249
https://doi.org/10.1176/appi.neuropsych.19.3.249
https://doi.org/10.1177/0956797611417632
https://doi.org/10.1177/0956797611417632
https://doi.org/10.1037/a0038244
https://doi.org/10.1037/a0038244
https://doi.org/10.1016/j.neuroimage.2013.07.069
https://doi.org/10.1016/j.neuroimage.2013.07.069
https://doi.org/10.1162/jocn_a_00916
https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-09-02482 December 4, 2018 Time: 8:40 # 13

Kuo et al. Cognitive Training With Social Engagement for Elders

Vaportzis, E., Martin, M., and Gow, A. J. (2017). A tablet for healthy ageing: the
effect of a tablet computer training intervention on cognitive abilities in older
adults. Am. J. Geriatr. Psychiatry 25, 841–851. doi: 10.1016/j.jagp.2016.11.015

Whalley, L. J., Deary, I. J., Appleton, C. L., and Starr, J. M. (2004). Cognitive
reserve and the neurobiology of cognitive aging. Ageing Res. Rev. 3, 369–382.
doi: 10.1016/j.arr.2004.05.001

Zheng, Z., Zhu, X., Yin, S., Wang, B., Niu, Y., Huang, X., et al. (2015). Combined
cognitive-psychological-physical intervention induces reorganization
of intrinsic functional brain architecture in older adults. Neural Plast.
2015:713104. doi: 10.1155/2015/713104

Zhu, X., Yin, S., Lang, M., He, R., and Li, J. (2016). The more the better? A
meta-analysis on effects of combined cognitive and physical intervention on
cognition in healthy older adults. Ageing Res. Rev. 31, 67–79. doi: 10.1016/j.arr.
2016.07.003
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