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CAN BRAIN TRAINING TRAIN YOUR BRAIN? USING
THE SCIENTIFIC METHOD TO GET THE ANSWER
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Numerical Cognition Laboratory, Department of Psychology, Brain and Mind Institute, University of Western Ontario, London, ON,
Canada

Brain-training games are becoming more and more popular. Brain-

FEVIEWER B training games are supposed to help people become better at thinking,

@ CAROL remembering, and paying attention. The companies that make these
AGE: 14 games say their games will help with day-to-day activities, such as
EDUARDO school. But do we know whether these games actually work? In this
AGE: 14 article, we talk about the scientific method and discuss important terms
such as sample size, control groups, random assignment, and double-
PEDRO blind studies. Using these terms, we then discuss whether there is good
AeE% evidence that brain-training games work. We conclude that more research
PIETRO using the scientific method is needed before we can say that brain-training

O AGE: 14 games help you in school.

Sofia really likes to play video games and hears that
brain-training games are a fun way to get smarter. She
plays one of these brain-training games — a memory
game - for a few minutes every day for one week. Sofia
tells you that she thinks her memory has gotten better
and that she remembers things she learns in school
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Rules for researchers to
carefully design and then
carry out a study so that

they can learn information.

The group that does not
receive the training being
studied. They may do a
different activity.
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more easily. From what Sofia has told you, do you
have enough information to know the brain-training
game works?

The goal of brain-training games is to help people get better at various ways
of thinking. The goal of some games is to make you better at remembering
things, the goal of others is to help you get better at paying attention longer.
Companies that sell brain-training games say that playing their games make
people do better at school, work, or even sports [1]. However, scientists dis-
agree about whether these games work, and whether brain-training games
can actually help you be a better thinker in everyday situations, such as in
school [2].

Remember how Sofia said that playing a memory brain-training game
helped her improve her memory? Did she have enough information to
know the game worked? When researchers want to know whether a brain-
training game works, they follow the scientific method. The scientific
method has rules about how these kinds of studies should be designed,
so that information we learn during the study gives us an accurate answer
as to whether brain-training games actually help people to get better at
something. First, we will talk about four of the most important parts of
the scientific method: sample size, the control group, random assignment,
and double-blind designs (Figure 1). Then, we will use what we know about
the scientific method to decide whether there is enough evidence to show
whether brain-training games help people.

Sofia told us about her own experience with the memory game (Figure 1A).
However, not everyone is the same, and we cannot be sure the game will work
for someone else. Therefore, it is important to test the game with a large group
of people. This is called using a large sample size. A sample is the scientific
word for the group included in the study—because it is a sample of the popu-
lation. Although we cannot ask every person in the world to take part in the
study, using a large sample size helps us make sure that the results we find are
true for more than just one person. If our sample is large enough it will be a
good example of the whole population. If the brain-training game helps many
people in the group to get better at remembering, we can be more sure the
game will work for people in general. Also, using a large sample size means
that any result that we find is more likely to be a real, true result; if the study
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Researchers use the
scientific method to
design studies that test
whether or not a brain-
training game works.Large
sample size A. a control
group B. random
assignment C. and
double-blind design

D. are four key parts of
the scientific method.

The group that receives
the training. This group is
compared with the control
group to see if training led
to improvement.
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Random Assignment

When people are randomly assigned to the
experimental group or the control group we
can lower the amount of difference between
the groups on things that might affect our
results (for example: age or beliefs about

A
Large Sample Size Control Group
A large sample size helps us to make sure Using a control group allows us to compare
our findings are real and that they apply to between a group of people that does the
more than just a few people. training (the experimental group) and a group
that does not do the training, but may instead
do a different activity (the control group).
That way we can tell if any improvements we
see are because of the training.
C

Double-Blind Design

Double-blind designs mean that each person
does not know whether they are in the
control group or experimental group. The
researcher also does not know. This helps
keep what people think about the training

whether the training works). from changing the findings.

is only done with one person, it could just be a coincidence that the training
worked for them.

Sofia said she remembered things better after using the game (Figure 1B).
What if her memory got better because of something else she was doing
at the same time? For example, what if she was also practicing something
in school, or what if playing the game just made her more interested in
learning? Maybe her memory did not improve because of the brain train-
ing at all. Even if a large sample size is used and most people who play the
game improve, we still do not have proof that brain training is the thing
that improved memory and not something else. This is the reason having
a control group is very important. A control group is another group that
does not play the brain-training game but might play a different game
instead. We call the group that does the actual training the experimental

group.
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A tool used by
researchers to measure
whether training improved
what it is supposed to
improve.

To test whether the
training helped the
experimental group,
researchers measured
both the control group
(orange) and the
experimental group (blue)
using an outcome
measure before the
training.Then, after the
experimental group
trained on the brain-
training game and the
control group trained on
a different game, the
researcher measured both
groups again, using the
same outcome measure.
For the training game that
did not work A. the
experimental group and
control group both got
better on the outcome
measure after training

(in other words, the
experimental group did
not do better than the
control group). For the
training game that worked
B. the experimental group
showed a higher score
after training compared
with before training, and
a higher score than the
control group. Therefore,
the training task made the
experimental group better
at this outcome measure.
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To measure whether brain training improves memory, researchers give the
people in the study a test of memory before the brain training and after they
finish the training. This test is called an outcome measure. Researchers check
whether people do better on the outcome measure after training compared
with how they did before the training. To show that the brain training works,
it is important that the experimental group does even better at the end of the
study than the control group (Figure 2). If the experimental group does better
on the outcome measure after training and improves more than the control
group (Figure 2B), we can be more sure that the improvement in memory is
because of the brain training.

By now, you can see that Sofia was missing key parts of the scientific method
when she said brain training helped her memory (Figure 1C). All training stud-
ies should have experimental and control groups, and they should use large
sample sizes for each group. What if Sofia and all students in her grade were put
in the experimental group, while all students in the grade below were put in the
control group? If we then found the experimental group had better memory
than the control group, there could be a few reasons for this. Maybe, since
students in the experimental group were older, they were better at the memory
game, and it had nothing to do with the brain training. This shows why it is
important to randomly assign people to the experimental and control groups.
In random assignment, each person is as likely to be put in the experimental
group as the control group. For example, researchers might flip a coin to decide
whether a person is put in the control group or the experimental group. With
a large sample size, this means that the characteristics (for example, the ages
of the children) of the groups should be about equal [1]. If students in Sofia’s
grade and the grade below had been randomly assigned to the experimental or
control group, the groups would have been similar in age overall. Therefore, if
the experimental group does better, we have more evidence that the improve-
ment is because of brain training, not because of another reason, such as age.

The training did not work The training worked!
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The part of your memory
that helps you hold
information in your mind
so that you can use it.
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Sofia thought her memory had gotten better, but this does not mean we know
brain training worked. Sofia may have thought her memory improved because
of something called a placebo effect. A placebo effect is when a person thinks
that a treatment will work, and then after they try the treatment, they believe
it has worked, even though it might not actually have been effective. In other
words, their expectations may have led to the improvement in the outcome
measure. Researchers use something called a double-blind study to help
prevent placebo effects. In a double-blind study, none of the people in the
study know whether they are in the experimental group or the control group
(Figure 1D). They are “blind” to the group type. Also, the researcher measur-
ing improvement does not know which group the people in the study are in.
The double-blind design helps guard against the placebo effect.

Now that we have talked about the scientific method (Figure 1), we can look
at how good the evidence for brain training is—was that evidence collected
properly, using the important parts of the scientific method we have described?
There are many goals of brain training, but as an example we will look at
whether there is evidence to support the idea that brain training improves
working memory.

Working memory training aims to improve working memory and help chil-
dren in school. Working memory is the ability to hold information in mind
so you can use it [3]. For example, when playing a new game that your friend
just explained to you, you need to remember the rules and use them on your
turn. Some of the evidence that working memory training companies talk
about comes from studies done with a group of kids who have attention deficit
hyperactivity disorder (ADHD). Children with ADHD often find it very chal-
lenging to pay attention and keep still [4]. This study found that children with
ADHD who did working memory training did better in things like working
memory, problem solving, and paying attention [5]. However, other studies
on the same brain-training games did not show the same good results [1].
Quite a few studies did not use a control group or had small sample sizes.
The best improvements after practice with working memory games are seen
on working memory games that are like the training games. For example, if
you practiced a game where you got better at remembering the order that a
grid of circles lights up in, you may also get better at the same game using a
different set of objects.

In general, most studies on brain-training games are missing important parts
of the scientific method. Many studies use small sample sizes, which we know
means findings might not be true for a larger group, and they might not be
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real [1]. Some studies do not use control groups. Without a control group,
we cannot know if people are getting better at something specifically because
of the training. Even in the brain-training game studies that have a control
group, many do not use a good control group. A good control group does an
activity that is as similar as possible to the training the experimental group
does, but without the part we think works [1]. A good control group does an
activity that is as hard as the actual training, which takes the same amount of
time and that is in the same format (also a computer game, for example). Often
brain-training studies do not give the control group an activity, or the activity
is very easy. Therefore, we cannot know that it was definitely the training that
caused improvement—it could have been a placebo effect.

As we have discussed, outcome measures are needed in brain-training
studies to measure improvement. However, oftentimes, researchers give many
outcome measures and check to see which ones show that the experimental
group improved. For example, to see if certain training improves working
memory, a researcher may check five outcome measures of working memory
and find only one measure that shows improvement. This is a problem if
researchers then say their brain training improves working memory, because
although this is true for one of the working memory outcome measures,
there were four measures that did not show improvement.

Finally, before brain-training games should be recommended to people, it is
important to be able to rely on the studies that have been done. A key part
of research is replication—doing the same study again to see if you get the
same results [6]. If several studies that use the scientific method find similar
results, we can be pretty sure that their results are true. Unfortunately, many
findings from brain-training games have not been replicated. In summary,
studies for brain-training games often have small sample sizes, no control
group or a control group that is not very good, many outcome measures,
and no replication of their findings. Therefore, the evidence we have for the
benefits of brain-training games so far is not very convincing. What does this
mean for the claim that brain-training games help you in day-to-day activi-
ties, such as school?

Can we say brain-training games help you in real life, beyond the games you
practice? Imagine you practiced the guitar every day. You would expect to get
better at guitar. Later, at your friend’s house, you try playing the bass guitar
and find that your guitar practicing has helped you also play the bass guitar.
A lot of skills are the same between the two instruments. This is an example of
what researchers call near-transfer. In near-transfer, training on one set of skills
also leads to improvement in a similar skill (Figure 3A). Some brain-training
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We can look at whether
brain-training games help
us to learn other tasks
that are similar to the
tasks learned in the game,
or perhaps to learn tasks
that different from those
learned in the game.

A. In near-transfer, what
we are trained on helps
us get better at something
very similar. B. In far-
transfer, what we are
trained on helps us get
better at something more
different. Brain-training
games say they can help
with far-transfer, improving
things such as your
attention in school, but
the evidence for this is

not strong [1].
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A
Near-transfer
V.
Improves
Training Similar
task task
Guitar Bass
B
Far-transfer
y.
Improves
Training —
task
Less similar task

games have evidence for near-transfer. For example, training with working
memory games has improved working memory measured by similar tasks.
In other words, practicing working memory games has been shown to make
people better at working memory games.

Would you expect that practicing the guitar would also help you be a better
drummer? If it did help, that would be an example of far-transfer. In far-
transfer, training on one skill leads to improvement in a less similar skill
(Figure 3B). Overall, brain-training games do not have good evidence for
far-transfer [1]. For example, working memory brain-training games do not
tend to improve math or other real-world abilities. If you would like to read
about how we learn math, here is an interesting article [7].

Brain-training companies often say their games can help you do better in
school. However, research on these games often is missing important parts of
the scientific method, such as large sample sizes, a good control group, and
can have problems with placebo effects. Research showing that brain training
works has often not been replicated. Currently, the evidence for brain training is
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not convincing. Some brain-training games show near-transfer, but there is
little evidence for far-transfer. Brain-training games can be fun, but so far, we
cannot say that they train your brain!

Studies of brain training have shown something that we experience everyday:
practicing a task makes us good at that task but does not necessarily make us
good at other tasks. And that is not a bad thing! Therefore, practice the things
that you want to become better at, but do not expect there is something you
can do to improve your performance on things you are not practicing.

1. Simons, D. J., Boot, W. R., Charness, N., Gathercole, S. E., Chabris, C. F,,
Hambrick, D. Z., et al. 2016. Do “brain-training” programs work? Psychol.

Sci. Public Interest 17:103-186. doi:10.1177/1529100616661983

2. Max Planck Institute for Human Development and Stanford Center on Longevity. A
Consensus on the Brain Training Industry from the Scientific Community. Available
at: http://longevity3.stanford.edu/blog/2014/10/15/the-consensus-on-the-brain-
training-industry-from-the-scientific-community/ (Accessed April 1, 2017).

3. Furukawa, E., Bado, P, Tripp, G., Mattos, P., and Moll, J. 2017. Focusing is hard!
Brain responses to reward in attention deficit hyperactivity disorder. Front. Young
Minds 5:18. doi:10.3389/frym.2017.00018

4. Baddeley, A. D., and Hitch, G. J. 1994. Developments in the concept of working
memory. Neuropsychology 8:485-493. doi:10.1037/0894-4105.8.4.485

5. Klingberg, T., Fernell, E., Olesen, P. J., Johnson, M., Gustafsson, P., Dahlstrom, K.,
et al. 2005. Computerized training of working memory in children with ADHD —

a randomized, controlled trial. J. Am. Acad. Child Adolesc. Psychiatry 44:177-186.
doi:10.1097/00004583-200502000-00010

©. Nosek, B. A., Alter, G., Banks, G. C., Borsboom, D., Bowman, S. D., Breckler, S. J.,
et al. 2015. Promoting an open research culture. Science 348:1422-1425.
doi:10.1126/science.aab2374

7. Bugden, S. 2014. When your brain cannot do 2+2: a case of developmental
dyscalculia. Front. Young Minds 2:1-5. doi:10.3389/frym.2014.00008

SUBMITTED: 15 August 2017; ACCEPTED: 24 May 2018;
PUBLISHED ONLINE: 13 June 2018.

EDITED BY: Sabine Kastner, Princeton University, United States

CITATION: Goffin C and Ansari D (2018) Can Brain Training Train Your Brain? Using the
Scientific Method to get the Answer Front. Young Minds 6:26. doi:10.3389/frym.2018.00026

CONFLICT OF INTEREST STATEMENT: The authors declare that the research
was conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

frontiersin.org June 2018 | Volume 6 | Article 26 |


https://kids.frontiersin.org/article/10.3389/frym.2018.00026
https://kids.frontiersin.org/
https://doi.org/10.1177/1529100616661983
http://longevity3.stanford.edu/blog/2014/10/15/the-consensus-on-the-brain-training-industry-from-the-scientific-community/
http://longevity3.stanford.edu/blog/2014/10/15/the-consensus-on-the-brain-training-industry-from-the-scientific-community/
https://doi.org/10.3389/frym.2017.00018
https://doi.org/10.1037/0894-4105.8.4.485
https://doi.org/10.1097/00004583-200502000-00010
https://doi.org/10.1126/science.aab2374
https://doi.org/10.3389/frym.2014.00008
https://loop.frontiersin.org/people/14372
https://doi.org/10.3389/frym.2018.00026

Goffin and Ansari Does Brain-Training Work?

COPYRIGHT © 2018 Goffin and Ansari. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the copyright
owner are credited and that the original publication in this journal is cited, in accordance with
accepted academic practice. No use, distribution or reproduction is permitted which does
not comply with these terms.

CAROL, AGE: 194

| was born in Sao Paulo, Brazil. | love my animals and my school. In my free time, | like
playing handball and relaxing. My favorite classes are math and biology, because | love
learning about nature and solving math problems.

EDUARDO, AGE: 14

| am in the eighth grade at Duilio Poli School. Math is my favorite subject because it is fun
and | find many challenges to solve which | like the most. | like playing soccer, video games,
and hanging out with my friends.

PEDRO, AGE: 14
I am in the eighth grade at Duilio Poli School at Jaboticabal. | like to play football, video
games, watch movies, and hang out with my friends.

PIETRO, AGE: 14
| like doing many things such as playing soccer, going out with my friends, and playing video
games. | also like studying chemistry and history.

CELIA GOFFIN

| am interested in how people learn to do math. My research focuses on how the human
brain represents numbers and how this might change from childhood to adulthood.

| want to find out how the brain learns the meaning of number digits (for example, “3”
means eee). In my free time, | like to go to concerts, garden, and cook. *cgoffin@uwo.ca

DANIEL ANSARI

| am interested in how our brains process numbers and how we use them. We use numbers
all the time. | want to know how the human brain is able to know about numbers and why
some children find numbers so hard to understand. What is different about these children’s
brains and why do some people find numbers really scary, while others love to use them?

frontiersin.org June 2018 | Volume 6 | Article 26 |


https://kids.frontiersin.org/article/10.3389/frym.2018.00026
https://kids.frontiersin.org/
https://creativecommons.org/licenses/by/4.0/
mailto:cgoffin@uwo.ca

	Can Brain Training Train Your Brain? Using the Scientific Method to Get the Answer
	What is Brain Training?
	Using the Scientific Method to Discover Whether Brain-Training Games Work
	Large Sample Size
	Control Group
	Random Assignment
	Double-Blind Design

	Do We have Enough Evidence to Know That Brain-Training Games Work?
	Brain Training and Transfer of Skills to Other Situations
	Conclusion
	References
	Reviewed by
	Authors


