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Review of the Evidence on, and
Fundamental Questions About, Efforts
to Improve Executive Functions, Including
Working Memory

Adele Diamond and Daphne S. Ling

Abstract

This systematic review looks at all the ways that have been tried for improving executive functions
(EFs), including computerized and non-computerized cognitive training, neurofeedback, school
programs, physical activity (aerobic and resistance training), mindfulness practices (those more
sedentary and more movement-based), and miscellaneous (e.g., drama, piano, and Experience
Corps), at all ages. Included are 179 studies from all over the world reported in 193 papers. This
is the largest, most comprehensive review thus far of EF interventions.

A little-studied approach - mindful movement practices (such as taekwondo and t’ai chi)
— shows by far the best results for improving EFs. Promising school programs come in second.
Both approaches show better results than any cognitive training. Third best at improving EFs is
non-computerized cognitive training. Might these three approaches show better results than any
computerized training because they involve more in-person interaction between trainer and
trainee?

The best-performing computerized cognitive training method for improving EFs is
Cogmed'. Despite claims that N-back training improves fluid intelligence, only one of the six N-
back studies with an active control group (and less than half with only no-treatment controls)
found evidence of any fluid-intelligence benefit.

Resistance-training and “plain” aerobic-exercise interventions (like running or walking)
show the least benefit for improving EFs of all methods. Results are only slightly better for aerobic
exercise with more cognitive or motor-skill challenges. This probably reflects how physical-
activity interventions have been structured rather than that aerobic activity does not benefit EFs.
We predict that the way an activity is done, such as trainers’ ability to make the activity enjoyable
and to communicate their unwavering faith in the participants and the program and whether the
activity is personally meaningful and relevant, inspiring a deep commitment and emotional
investment in participants to the activity and to one another, will likely prove more decisive than
what the activity is.
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Introduction

Efforts to impreve executive functions (EFs)—which include selective at-
tention, self-control, werking memory (WM), cognitive flexibility, and
reasoning—to remediate deficits, imprave academic performance, improve
preductivity, increase the likelihood eof healthy choices and quality ef life,
and head off, slow, or reverse cegnitive decline during aging. This systematic
review is the most extensive review to date of interventions, programs, and
approaches that have tried to improve EFs. Previeus reviews have focused on
one type of intervention, for example, the large literature cognitive training

approaches to improving EFs or on physical-activity approaches to improving
EFs. These reviews have also often cencentrated only on children or enly on
adults. The review here looks at all the different methods that have been tried

for improving EFs and at all ages.

In total, 179 studies (reported across 193 papers) from all over the world
(North and Seuth America, Eurepe, South and East Asta, the Middle East, and
Oceania) are included, If a study a) evaluated a method 1o improve EFs, b) was
published in English in a peer-reviewed jeurnal by or before 2015, ¢) had at least
one objective EF outcome measure, d) had least eight people per group, e) in-
cluded a contrel group and compared EF improvement and/or posttest perfor-
mance in the experiméntal and control groups, f) was not simply correlational,
and p) involved more expesure to the approach or program than a single session,
itis reviewed here. Since our primary focus is normal development and aging, we
excluded all studies of participants with brain damage or dementia. We included
studies with persons with attention deficit hyperactivity disorder (ADHD), since
ADHD is primarily a problem with EFs, and a small randem sampling of studies






























