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Abstract

Objective: The purpose of the study was to compare a Cognitive Training Game, Dr
Kawashima’s Brain Training (KBT) and an Action Video Game, New Super Mario Bros
(SMB) in their effects on cognitive function in older adults.

Materials and Methods: 36 older adults were randomly assigned to either the KBT group, the
SMB group, or the no-training no-contact control group. All participants completed several
cognitive tests (matrix reasoning, Stroop, Trail Making Test (TMT), Digit Symbol
Substitution Test (DSST), Corsi Block, spatial relation and number comparison). Then,
participants in the game groups were instructed to play the video game (KBT or SMB) for one
hour, three times per week, during two months, for a total training time of 24 hours. When the
24 one-hour game sessions were complete, the three groups again completed the cognitive
tests.

Results: ANOVAS on each of the cognitive measures and Tukey post-hoc tests showed that
the matrix reasoning change score was significantly greater in both game groups than in the
control group. The Stroop test change was significantly greater in the KBT group than in
control and SMB groups. The DSST, Corsi block test, spatial relations test and number
comparison test showed significantly greater change in the SMB group than in the control
group with KBT intermediate.

Conclusion: The scope of benefits of SMB training seems broader than those from the KBT
program. The intrinsic characteristics of SMB and KBT games may well be partly responsible

for these differences.
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Cognitive Training Game versus Action Video Game:

Effects on Cognitive Functions in Older Adults

Introduction

Interest in interventions that can preserve or improve cognition in older adults has
grown notably in the last decade. There is intuitive appeal to the notion that the challenges of
new technologies such as video games may have desirable incidental effects. Indeed, studies
have shown that playing a video game can lead to improved cognitive functions in the healthy
elderly. 1% After several weeks of video-game training, players showed improvements when
compared with control groups in processing speed 2, manual dexterity 4, visuomotor
coordination ® and executive functions. ®

In attempts to capitalize on such results, several commercial game-like programs have
been developed promising to to strengthen and rejuvenate the brain (e.g., Dr. Kawashima's
Brain Training, Brain Age, Big Brain Academy, Lumosity). Despite claims about effects on
the brain we will use the more neutral term, Cognitive Training Games (CTG). These
programs usually comprise focused activities derived from specific scientific measures of
cognitive function. This new kind of game has been extremely popular around the world,
especially among older adults. Even if the primary intention is undoubtedly to launch a
commercial product rather than to develop a scientifically-validated intervention, these games
may indeed have beneficial effects.

Previous studies showed that playing CTGs could improve cognitive functions such as
memory and attention (Positscience, ’; Neuroracer, ). However, these training programs
were stand-alone software created in the laboratory for therapeutic purposes, with limited
availability. For classical commercial brain training games, marketed to the larger public,

evidence for beneficial effects on age-related deficits is less clear. ® Ackerman, Kanfer and
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Calderwood ° investigated the transfer effects of two types of activities (reading and CTG)
that might mitigate age-related cognitive decline. A sample of 78 older adults completed 20
one-hour training sessions with Big Brain Academy over the course of one month and, in a
second month, completed 20 one-hour reading sessions with articles on different current
topics. Results showed no significant improvement from either the Big Brain Academy
practice or the reading tasks in measures of cognitive and processing speed abilities. Another
study ! investigated the effects of 20 one-hour CTG sessions with games selected from
Lumosity on cognitive functions that decline with age. The results showed significant
improvements in the trained group in processing speed and attention and no improvement in
visuospatial working memory or executive control. These modest results on CTG could be
explained by narrow and specific impact of cognitive training on trained abilities and non-
existent or very weak effect on abilities not targeted in the training. > * However, these
previous studies are not precise enough in describing the content of the training games to
verify this explanation.

AVG is defined as video games requesting speed, a high degree of perceptual,
cognitive, and motor load in the service of an accurate motor plan, unpredictability and an
emphasis on peripheral processing. 1 This kind of game offer highly variable environments
and difficult tasks, as well as strong motivation and arousal.  We know that AVG players
show improvement in cognitive function as well as changes in the brain substrates. ¢ An
open question is whether there are differences in the beneficial impacts of CTGs and AVGs.
Very few studies have compared the two. In the domain of noncommercial CTG, Belchior,
Marsiske, Sisco et al.'” investigated the effect of video game training on older adult's Useful
Field Of View (UFOV) performance. Older adult were randomized to receive practice with an
AVG (Medal of Honor), a placebo control arcade game (Tetris), a clinically validated CTG

UFQV training program, or into a no-contact control group. There was no difference between
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the three training conditions but all were superior to the control group. In the domain of
commercial brain training games, Nouchi, Taki, Takeuchi et al. 8 investigated the impact of a
CTG, Brain Age, on cognitive functions in the elderly. Volunteers were randomly assigned to
either of two game groups (Brain Age or Tetris). Participants in both groups played their
game for about 15 minutes per day, at least five days per week, for four weeks. Results
showed that playing the CTG improved executive functions and processing speed and not
global cognitive status or attention.

The purpose of the present study was to compare a CTG, Dr Kawashima's Brain
Training, KBT) and an AVG (New Super Mario Bros, SMB) in their effects on cognitive
function in older adults. These two kinds of game present very different experiences of
gameplay. KBT is specifically designed to improve cognitive functions, especially in the
elderly, with focused short games, each centered on one cognitive function (e.g., inhibition,
working memory, spatial orientation). SMB is a platform game, in which the game-play
revolves heavily around players controlling a character who runs and jumps onto platforms,
floors, ledges, stairs or other objects depicted on a single or scrolling (horizontal or vertical)
game screen. Platform games are frequently classified as a sub-genre of AVG. 1% 2° Players
are simultaneously engaged in highly parallel processing involving several domains such as
rapid shifts of visual attention, speeded decision making, and executive functions such as
strategy selection and monitoring. We hypothesized that both game programs would result in
cognitive enhancement, but that the gameplay differences would lead to distinguishable
benefits. KBT benefits would be greatest on tests that most closely mirrored the video game.
21 SMB would show benefits even to functions that were not specifically trained due to its
highly variable environment.

Materials and methods
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Participants. Thirty-six independently-living older adults (24 women, 12 men, from
60 to 71 years of age) volunteered to take part in this study. All participants gave written
consent after having been informed as to the nature and purpose of the experiment which was
approved by local ethics committees. The study conformed to the standards set by the
Declaration of Helsinki. Inclusion criteria were to be between 60 and 72 years old, have no
particular experience with video games, report self-rated health status as fair, good or
excellent on a 5-point health scale (1 = very bad, 2 = bad, 3 = fair, 4 = good, 5 = excellent),
have normal or corrected-to-normal vision and audition, and report themselves free of mental
disorders, epilepsy, or colorblindness. By random assignment, 12 participants were assigned
to the KBT group, 12 participants to the SMB group, and 12 participants to a no-training, no
contact control group. Over the course of the study, one control participant could not attend
the post-test session. The analyses were based on the 11 participants remaining in the control
group. Demographic information is listed in Table 1. There were no significant differences
between the three groups in age, years of education, or self-rated health.

Measures. Three main categories of cognitive functions were tested: executive
functions, processing speed, and visuospatial abilities. Executive functions are thought to be
among the first cognitive functions to experience the negative effects of normal aging. 2% 2% 24
These are also functions that have proved sensitive to improvement following the practice of
video games. & 2° Concerning processing speed, this function is a general resource underlying
a good number of cognitive operations. Its slowing contributes significantly to the decline in
cognitive performance with age. 2® This category of functions has also been shown to be
sensitive to video games. > > 8 Finally, visuospatial abilities decline as we age and are
particularly sensitive to video game stimulation. 2" 2 These three categories of functions are
frequently chosen within studies of video games % '8 2° pecause they represent critical

functions when playing video games (e.g., alternating attention between game stimuli,
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responding as quickly as possible, planning actions, reasoning). All participants completed
several cognitive tests: trail-making test % (Part B — Part A) assessing flexibility, Stroop test
31 (incongruent condition) assessing inhibitory mecanisms, matrix reasoning (subtest of
WASI,*?) assessing reasoning, digit symbol substitution test (subtest of WAIS-R ), assessing
processing speed, visuomotor coordination and working memory, Corsi block test (subtest of
WMS 34), assessing spatial memory, number comparison test > assessing processing speed,
and spatial relations (subtest of DAT 5 % assessing visuo-spatial functions. Lezak et al. ¥’
provide more complete descriptions of these tests.

Procedure. The entire study spanned 8 to 10 weeks. This included the pre- and post-
test sessions for cognitive assessment and, for both training groups, the game sessions. At the
first session, participants completed the battery of cognitive tests. Then, participants in the
game groups were instructed to play the video game (KBT or SMB) on a portable Nintendo
Dual screen (DS) XXL console for one hour, three times per week, over a period of two
months, for a total training time of 24 hours. For both game groups, participants logged their
sessions and scores in a follow-up book with schedule information. Instructions about how to
use the Nintendo DS, the Kawashima Brain Training or New Super Mario Bros game, and the
follow-up log book were given to each game participant. For the KBT group, participants
were play freely at games from two programs, Kawashima Brain Training and Kawashima
Brain Training Advanced. Participants were asked to regularly vary among the 20 available
games. The training is typically broken down into subdomains and games are highly similar in
content and structure to tests used on psychological assessment scales (e.g., list learning to
enhance semantic memory). In order to assess progress in KBT, two brain age assessments
were recorded at the end of each one-hour game session. The assessment option provides an
evaluation of participants after they have trained in various tests. The tests changed randomly

at each assessment session. Results in these tests are converted to a brain age by the software
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program. For the SMB group, participants were to play freely at New Super Mario Bros, and
note which level they managed to reach during the one-hour game session. SMB requires
simultaneous pursuit of several goals: finding the fastest possible path to cross a level,
eliminating several types of enemies, and recovering a maximum of bonuses. When the 24
one-hour game sessions were complete, participants were to contact the study coordinator to
schedule the post-test session. Participants in the control group committed themselves not to
modify their lifestyle and not to begin playing video games over the eight weeks of the study.
Results

To verify that both game and control groups were equivalent at the outset of the
program, ANOVAs were used to compare the pre-training scores on each of the cognitive
measures for the three groups (Table 2). Among the comparisons, none was significant.

Each participant of both game groups completed 24 sessions. In the KBT group, the follow-up
logs showed that participants played regularly, and with a variety of different games.
Participants showed regular improvement in game performance across sessions. They passed
from a mean cerebral age of 58.6 years at the beginning of training to 34.2 years at the end of
training, t(11) = 6.72, p < .0001. In the SMB group, participants crossed on average 8 levels
(M =8.08, SD = 5.05), t(11) = 4.86, p <.001.

To determine whether both gaming regimens resulted in greater change than the
untrained controls and whether KBT and SMB training led to different benefits, we calculated
a change score by subtracting the pretest score from the posttest score for each cognitive
measure. A MANOVA with all the measures within a set as dependent variables revealed a
significant group effect, Wilk’s A4 = .27, F(16, 50) = 2.94, p < .01. ANOVAs on each of the
cognitive measures are shown in Table 3. Tukey post-hoc tests showed that the matrix
reasoning change score was significantly greater in both game groups than in the control

group. The Stroop test change was significantly greater in the KBT group than in control and
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SMB groups. The digit symbol substitution test, Corsi block test, spatial relations test and
number comparison test showed significantly greater change in the SMB group than in the
control group with KBT intermediate.

Discussion

The purpose of the present study was to determine the potential of training based on
two different types of sedentary videogame as a mode of activity that could have cognitive
benefits for older adults. Training with both the AVG (SMB) and the CTG (KBT) led to
significant improvements in some aspects of cognitive functions. Both SMB and KBT
promoted inductive reasoning (matrix reasoning test), despite their quite different natures.
This conclusion is similar to previous studies, which found benefits of videogame training on
executive functions, both with CTG programs *8 % and with entertainment videogames (for a
review 2°).

The scope of benefits of SMB training seems broader than those from the KBT
program: The CTG resulted in less transfer to cognitive tasks than did the AVG. This result is
consistent with previous results *° which found limited evidence for effects of CTG training
on cognition. The intrinsic characteristics of SMB, such as task variability, task difficulty, and
elicited motivation and arousal may well be partly responsible for cognitive improvements. *
The SMB environment is rich and highly variable, involving alternation among a wide range
of tasks. As pointed out by Green and Bavelier 1, entertainment games can be exceedingly
complex and do tap many systems in parallel. SMB gamers are simultaneously challenged in
speed, accuracy, reasoning, and strategy. An important aspect of what gamers may learn from
SMB and similar AVG is the ability to distribute their skills among multiple tasks with
different processing priorities, and consequently develop the accommaodation of their skills to
different tasks. Green and Bavelier ! suggest that the more a program calls on a variety of

combinations of processes, the greater the observed transfer to cognitive function. By
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contrast, KBT is a single-task environment. The training is typically broken down into
subdomains with, for example, inhibition trained separately from speed of processing. This
kind of training leads to efficient near transfer to a closely-related assessment task (as in
inhibition) but lesser far transfer to different tasks. 3° Moreover, the CTG game situations are
not characterized by high variability and alternation between tasks. The limited variability
may induce learning that is specific to the tasks being learned, and that does not generalize
well to new tasks or variants of the same task. *° In addition, the natural attractiveness of SMB
is another factor that could have aided in cognitive transfer. 412 The scientific aura of the
KBT program could reduce attractiveness of the game (e.g., mentions of terms such as
professor, brain age, and magnetic resonance imaging in the introduction). KBT participants
may have the impression that they are training whereas SMB participants feel they are simply
playing.

This study presents several limits. Firstly, the SMB program seems to be more
effective than the KBT program, significantly improving more cognitive functions. However,
there was only one significant difference in improvement between the two programs. Then,
one of the objectives of this study was to observe the impact of video games when played
freely. This ecologically-valid approach has an essential limit. Indeed, the training was not
perfectly standardized among participants; each could have focused on different aspects of the
game. Although cognitive function was homogeneous across the three groups before the
intervention and although the observed scores were within the normal range for those tasks
with norms available, the lack of a global measure of cognitive function such as the Mini
Mental State Examination does allow the possibility that the sample was not normative and
that the generalizeability of the results may be circumscribed.

Lastly, each game category is represented by only one game. It would be interesting to

replicate this study with other games from the same categories (e.g. fighting games for AVG
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and independent computer software like positscience for CTG). Thus, we would be able to
establish if the present results are specific to the two selected games (KBT and SMB) and to
the stimulated cognitive functions or if they can be generalized to the game categories (AVG
and CBT).

It would have been interesting to measure the expectations for each group in order to
assess how these expectations influenced the training effects. Another direction for future
research is to examine the consequences of training for everyday competencies such as meal
preparation and shopping. * This kind of transfer is rarely tested in training research but, as it
directly addresses quality of life, it should be investigated more extensively.

One particular class of games has shown substantial benefits to cognitive function in
older adults, exergames. 2° Exergames are innovative and interactive digital games that
combine physical exercise and video games. It would be interesting to include exergames,
AVG, and CTG in the same design, to determine the differences between sedentary and active
video games on cognitive functioning in older adults, and to assess the added value of the

physical stimulation only present in exergame group. 243
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