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Background

Objective

Design
Setting
Methods

There have been increasing efforts to develop non-pharmacological
preventive interventions for cognitive decline experienced by older
adults. Cognitive training via playing games especially ones that aim at
fraining concentration and speed processing has been shown to have
positive effects on the certain domains of cognition in healthy older adults.
Only few studies have directly examined possible cognitive benefits and
transfer effects of playing video game in persons with mild cognitive
impairment (MCI).

To explore the effects of a video game on cognitive functions in older
adults with MCI.

Quasi-experimental study

Dementia Clinic, King Chulalongkorn Memorial Hospital

Twenty volunteers aged 54-74 years fulfilling the MCI diagnostic criteria
were enrolled. The sample was divided into 2 groups (10 members each):
the Video game Group, received 6 weeks of speed - attention type
video game training and Control Group. Cognitive functions were
assessed using the Cambridge Neuropsychological Test Battery
(CANTAB) before and after training. Data were analyzed using

descriptive statistics and nonparametric Wilcoxon-Mann-Whitney U test.
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Results : At 6 weeks, the Video game Group had significant improvement in
executive function in the area of working memory (CANTAB SWM test)
compared to Control Group (p < 0.05). The significant within group
effects of pre- and post training for the Video game group showed
improvement in processing speed and executive function test outcomes
of problem solving and visual learning tasks (CANTAB OTS and PAL).

Conclusions * The result indicated that there is a possibility which the elderly with MCI
could improve executive functions in short term training. Although
the present study is limited by small sample sizes, nevertheless,
the results are promising for the further investigation and development

of cognitive-specific video games in larger, more diverse samples.
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Mild cognitive impairment (MCI) is a prevalent
condition in older adults, which significantly affects
independent function and incident disability. 2 MCI
can also advance to dementia such as Alzheimer’'s
disease (AD), a leading cause of costly long-term
care. While all patients who develop some forms of
dementia go through a period of MCI, not all patients
exhibiting MCI will develop AD. The conversion rate
from MCI to AD is 10 - 15% per year while normal
aging group is found at 1 - 2%. ®? As a result, there
has been increasing attention on the prevention and
nonpharmachological treatment of cognitive decline
in MCI group.

A number of nonpharmachological
approaches have been designed to maintain and
strengthen the cognitive capacity of the aging brain.
There is evidence suggesting that cognitive training
activity helps preserve cognitive functions in normal
older adults and participants with MCI, based
on longitudinal *® and experimental studies. *®
Cognitive training is a method that aims at improving,
or maintaining cognitive functions through the
repeated and structured practice of specific cognitive
tasks such as visual memory, attention, processing
speed, language or executive functions (e.g.
planning, problem-solving). A review by Reichman
and colleagues reported studies that enlisted
individual with MCI into a cognitive training
intervention, participants benefited from the treatment
not only in cognitive areas but also to domains such
as activities of daily living, mood and behavior. The
authors concluded a longitudinal studies are required
to determine whether interventions prevent or slow

the progression to AD.
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One of the key concepts on cognitive training
research is the transfer effects of the training or
restorative effects. The restorative strategies will target
a specific cognitive domain such as attention, memory
or problem-solving in training in order to improve
functional performance on that specific domain,
and with a possibility to see a transfer effect

(10, 11) For

to other non-trained cognitive domains.
example, cognitive training in areas other than memory
has actually been seen to generalize and transfer

81279 geveral studies have

to memory systems. '
considered playing video game as a cognitive training
that centered on this restorative approaches. *'¥ To
date, a number of available products include web-
based cognitive exercise programs, live cognitive
training programs, and recreational games played
online or hand-held devices have claimed to have this
transfer of training effect on their users. Still, very few
have scientific evidence to support their effectiveness.

The purpose of this research is to study the
effects, at 6 weeks, after the cognitive training (speed-
attention typed) via video game playing on cognitive
functions in older adults with MCI. We used Cambridge
Neuropsychological Test Automated Battery or
CANTAB (Cambridge Cognition Ltd, UK) which was
developed for use in detecting early cognitive changes
and suitable for repeat testing in cognitive research
as cognition evaluation tool. In this study, 5 language-
independent CANTAB tests were chosen to assess
different aspects of cognitive functioning, including:
visuospatial functions (in terms of speed and
accuracy), attention, memory, and executive functions
(working memory, problem-solving and visual

learning).
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Methods

All procedures were approved by the
Institutional Review Board of the Faculty of Medicine,
Chulalongkorn University. All participating subjects
gave written, informed consent to take partin the study

and for their data to be published anonymously.

Subjects

MCI subjects were identified by the
psychiatrists at the Dementia Clinic, using
MCI criteria developed by Petersen et al. "’ and
neuropsychological paper-based tests: the Thai Mini-
Mental State Examination (TMSE) "® and The Thai
version of Montreal Cognitive Assessment (MoCA-
Thai)."® None of the participants meet the current
DSM-IV criteria for dementia ” and TMSE score must
be at least 24. Subjects received additional MCI
screening by MoCA with a cut-off point of below 25.
Subjects with MCI were excluded from the study if
they have less than 4 years of education, engage in
regular exercise activity ( =3 times/ week of 60 min-
exercise) or play video games = 3 times /week of
>30 min duration). Twenty patients were invited to
join the study. At baseline, all subjects were aged

between 54 and 74 years (M = 64.40, SD = 5.15).

Intervention method

The sample was divided into 2 groups (10
members each): the Video game Group and Control
Group. The Video game Group played XaviX Hot
Plus video game system for 50 minutes per session
and at least 2 sessions per week for the period of 6
weeks (12 sessions). Twelve games labeled under

‘rehabilitation program’ categorized by Xavix Hot Plus

Chula Med J

Brochure " were selected. These are games that
were designed to train cognitive skills in the area of
concentration and speed of processing in elderly and
dementia patients. The intervention group received
video game training according to the experimental
schedule. For example, the ‘Touch panel’ games
(Figure 1, top) are designed to improve the
concentration skills and give seniors a mild level of
physical exercise, while the ‘Japanese drums’ and
‘Which is different one?’ games (Figure 1, bottom) are
intended to improve reflexes, strengthen muscles, and

visuomotor processing activity.

Outcome measures

Cognitive function outcome was assessed by
Cambridge Neuropsychological Test Automated
Battery (CANTAB). The battery used in this study
consisted of 5 selected CANTAB tests and usually
lasted 45 minutes. All subjects were administered in
2 sessions within 6 weeks of each other. Descriptions
of the tests and selected outcome measures were
summarized in Table 1 and sample task screen shots
of 5 selected CANTAB test: MTS, OTS, PAL, PRM,

and SWM were shown in Figure 2.

Statistical analysis

The quantitative data were described in terms
of sample size, mean, standard deviation and range
(minimum and maximum). The comparability of the 2
groups was verified on the baseline data. The means
were compared using nonparametric Wilcoxon-Mann-
Whitney U test. The tests were 2-sided, with significant
limit of 5%. The statistical analysis was performed

using spss® software V17.0.
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Figure 1. Xavix Hot Plus video game system and sample screen shots.

Table 1. Summary of the CANTAB outcome measures.

CANTAB test & Outcome measure

Function measured

. Match To Sample Visual Search (MTS)

— Percentage correct

— Time to correct response

One Touch Stockings of Cambridge (OTS)
— Mean choices to correct

— Time to correct response
Paired Associates Learning (PAL)
— Memory score

— Total errors

Pattern Recognition Memory (PRM)
— Percentage correct

— Speed response

Spatial Working Memory (SWM)

— Total errors

— Time to complete task

# Speed and accuracy trade-off task, testing

the ability to match visual samples and

measuring their reaction and movement time

# Atest of executive function, planning,

problem solving and working memory (gives

a measure of frontal lobe functioning)

} Assesses visual associative learning and
memory, ability to form visuospatial
associations

} Visual pattern recognition memory in a
2-choice forced discrimination paradigm
(sensitive to medial lobe)

} Measures the ability to retain spatial
information and manipulate it in working
memory (sensitive of frontal lobe and

executive dysfunction)
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Figure 2. Task screens of CANTAB battery test (www.cantab.com). (A) MTS: speed and accuracy, (B) OTS:

executive function (planning, problem-solving), (C) PAL: executive function (visual learning and memory)

(D) PRM: visual memory, (E) SWM: executive function (working memory).

Results
Sample Characteristics

Table 2 compared Video game Group
and Control Group’s characteristics in terms of
age, gender, years of education, and baseline
neuropsychological test scores of TMSE and MoCA.
The Video game Group and the Control Group
did not differ with regard to age, gender, or years of
education (p > 0.05). The 20 participants had a mean
age of 64.40 (SD = 5.15, max/min = 54/74, p = 0.74).
The group comprised 6 males (30%) and 14 females
(70%) with average of 11.15 years of education
(SD = 4.54, max/min = 4/16, p = 0.74). There was
also no significant difference in the performance of
the 2 groups on TMSE or MoCA scores (p > 0.05).
The average mean TMSE and MoCA scores were
27.55 (SD = 1.32, max/min = 25/30, p = 0.97) and
23.25 (SD = 1.25, max/min = 20/24, p = 0.91),
respectively.

CANTAB cognitive outcome analyses

at baseline (T«) were summarized in Table 3

with significant level set at 5% presented from
nonparametric Wilcoxon-Mann-Whitney U test,
comparing between groups (Video game and Control
Groups) in all instances. There were no significant
differences between the 2 groups at baseline
(Table 3) in all test outcomes from the 5 selected
CANTAB tests (p > 0.05). Thus, the statistical results
in Table 2 and 3 exclude the possibility that any pre-
existing difference of measure between groups
affected the result of each measure after 6 weeks

period (Tz).

Effects of video game on cognitive functions

The mean change in score (pre-training
score minus post-training score, AM) in all measures
of cognitive functions scores by CANTAB were
calculated (see Table 4). Nonparametric Wilcoxon-
Mann-Whitney U test were conducted to compare
between the Video game and Control Groups for the
mean change in scores (AM) in each cognitive tests.

The level of significance was set at p < 0.05.
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Table 2. Characteristics of participants at baseline assessment (T1).
Video game Group Control Group  All p-value
(n =10) (n=10) (n =20)
Gender, n (%)
Male 2 (10%) 4 (20%) 6 (30%) 0.33
Female 8 (40%) 6 (30%) 14 (70%)
Age (years)
Mean £ SD 64.70 £ 5.70 64.10 = 4.84 64.40 £ 5.15 0.74
Ranges (min/max) (54/74) (55/71) (54/74)
Education (years)
Mean £ SD 11.50 £ 4.88 10.80 £ 4.42 1115+ 4.54 0.74
Ranges (min/max) (4/16) (4/16) (4/16)
TMSE
Mean £ SD 27.50 £ 1.27 27.60 £ 1.43 2755+ 1.32 0.94
Ranges (min/max) (25/29) (25/30) (25/30)
MoCA
Mean £ SD 23.20 £1.32 23.30 £1.25 23.25+1.25 0.86
Ranges (min/max) (21/24) (20/24) (20/24)
Table 3. CANTAB means and standard deviation for the Video Game and Control Group at baseline (T1).
Video game Group Control Group
CANTAB (n =10) (n=10)
Test Test outcome Mean * SD Mean * SD p-value
MTS Percentage correct 92.65 * 8.31 92.71 £8.39 0.97
Time to correct response (s) 15.54 £5.13 15.40 £ 3.19 0.91
PRM Percentage correct 85.00 + 9.46 80.00 + 8.52 0.22
Speed response (s) 2.6410.44 2.89+0.24 0.07
oTS Mean choices to correct 1.351£0.16 1.40 £0.27 0.76
Time to correct response (s) 109.46 + 39.96 108.94 + 32.71 0.71
PAL Stage score (max 11) 5.90 £ 2.23 430%2.16 0.10
Total errors 6.50x4.12 7.6014.14 0.47
SWM Total errors 25.80 = 7.69 20.50 £ 6.50 0.14
Time to complete (s) 121.88 £ 23.42 118.21 £19.73 0.76

*p < 0.05, N,n — numbers, SD - standard deviation, s — second
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Table 4. At 6-week post training, change in cognitive outcome scores (AM), median and

interquartile range (IQR) for selected CANTAB tests

CANTAB Outcome measure Video game Control
Test (N=10) (N=10)
Awm (sp) Awm (SD) p-value
MTS Percentage correct " -3.65 (7.03) -3.08 (7.49) 0.62
Time to correct response (s) 3.24 (3.90) 2.12 (3.98) 0.65
PRM Percentage correct o -0.42 (6.93) 1.67 (11.82) 0.97
Speed response (s) 0.33 (0.39) 0.11 (0.47) 0.36
OTS Mean choices to correct 0.14 (0.16) 0.04 (0.28) 0.34
Time to correct response (s) 24.04 (28.01) 10.43 (26.89) 0.26
PAL Stage score T (max 11) -1.30 (1.34) -0.50 (1.96) 0.26
Total errors 2.70 (3.06) 0.40 (3.50) 0.14
SWM Total errors 3.40 (5.59) -4.90 (7.02) 0.01*

Time to complete (s)

18.71 (21.69) -10.32 (32.85) 0.05*

T Cognitive improvements are shown in the negative direction

*p <0.05, s -second

After 6-week training, the Video game Group
reported significantly better for performance on
working memory by making fewer errors and using
less time to complete the CANTAB SWM test than the
control group. The observe differences (AM) were
statistically significant for the SWM test outcome
on error and time factors (p = 0.01 and p =0.05). In
the other 4 tests (MTS, OTS, PAL and PRM), no
significant differences in the measured outcomes
were found after 6 weeks (p > 0.05) (Table 4).

Means and standard deviations scores of
CANTAB tests and significance on the pre- and post
score were also compared for each group separately.
Wilcoxon Signed Ranks tests were performed to
determine whether cognitive test scores changed
within intervention or control groups. Change in scores

were calculated by subtractive post- from pre-

intervention scores (T{Tz)- As shown in Table 5 and
Figure 3 - 5, the Video game Group showed some
trends towards improvement in processing speed (the
time response part of the test outcome) and the
executive functions in the areas of planning and
problem solving and visual learning (reduction of
errors). Although the differences in performance (Am)
did not reach statistical significance level, but PAL
and OTS tests outcomes within the Video group shows
significant level of improvement (p = 0.02 for both).
Seventy percent of 10 members in this group
performed better at problem-solving by making fewer
choices to get correct response and fewer errors in
visual learning task. Also within the Video group, the
processing speeds of the 4 tests: MTS, OTS, PRM
and SWM were all better at significant level (p <0.05).
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Table 5. Pre- and post-data: Video game group (Wilcoxon signed rank test).

CANTAB Test outcome Mean (SD) Mean (SD)
Test at T1 at T2 p-value
MTS Percentage correct " 92.65 (8.31) 96.30 (5.78) 0.12
Time to correct response (s) 15.54 (5.13) 12.30 (3.08) 0.04*
OTS Mean choices to correct 1.35 (0.16) 1.21 (0.20) 0.02*
Time to correct response (s) 109.46 (39.96) 85.42 (33.76) 0.04*
PAL Stage score (max 11) . 5.90 (2.23) 7.20 (1.87) 0.02*
Total errors 6.50 (4.12) 3.80 (1.87) 0.02*
PRM Percentage correct " 85.00 (9.46) 85.42 (7.92) 0.96
Speed response (s) 2.64 (0.44) 2.31(0.40) 0.01*
SWM Total errors 25.80 (7.69) 22.40 (7.93) 0.12
Time to complete (s) 121.88 (23.42) 103.17 (13.04) 0.04*
*p < 0.05

T Cognitive improvements are shown in the negative direction

Table 6 summarized the within group score
comparison for the controls. None of the outcomes
was substantially difference between the pre- (T1)

and post- 6-week (T2), except in the SWM test. A

197

worsening in working memory scores (increase in

number of errors) during the test was detected in

seven members of the control group (Table 6).

Table 6. Pre- and post-data: Control group (Wilcoxon signed rank test).

CANTAB Test outcome Mean (SD) Mean (SD) p-value
Test at T1 at T2
MTS Percentage correct . 92.71 (8.39) 95.79 (5.76) 0.27
Time to correct response (s) 15.40 (3.19) 13.29 (3.60) 0.1
OTS Mean choices to correct 1.40 (0.27) 1.36 (0.24) 0.67
Time to correct response (s) 108.94 (32.71) 98.51 (29.23) 0.17
PAL Stage score (max 11) ¥ 4.30 (2.16) 4.80 (1.87) 0.40
Total errors 7.60 (4.14) 7.20 (2.86) 0.91
PRM Percentage correct 80.00 (8.52) 78.33 (13.86) 0.68
Speed response (s) 2.89 (0.24) 2.78 (0.43) 0.29
SWM Total errors 20.50 (6.50) 25.40 (7.41) 0.05*
Time to complete (s) 118.21 (19.73) 128.53 (22.73) 0.24
*p < 0.05

T Cognitive improvements are shown in the negative direction
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(in terms of speed and accuracy) was measured by MTS test, (B-D) the executive functions (planning and
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Discussion

The aim of the present study was to explore
the effect, after 6 weeks or 12-session of a 50-minute
bi-weekly training via cognitive-specific video game,
on the cognitive performance in older adult with MCI.
We assessed a broad range of cognitive functions
using a computerized battery test, CANTAB.
The cognition measurements by CANTAB can be
assigned into 4 main categories: 1) attention, 2)
processing speed, 3) visual memory, and 4) executive
processes such as planning, visual learning and
spatial working memory.

The most significant result obtained with
respect to intervention effect at 6 week post training
is the improvement in performance on executive
function in working memory task in the Video game
group compare to the control group (Table 4,
SWM test, p < 0.05). Within group analysis post
intervention (group effect), improvements were seen
in the Video game group in 2 domains: speed and
executive functions (planning and visual learning).
Approximately 80% of the intervention group showed
improvement in processing speed outcome
measurements (MTS, OTS, PRM and SWM tests,
p < 0.05). Better performance on executive functions
in the areas of problem solving and visual learning
tasks were achieved in 70% and 75% of the Video
game Group, respectively.

Most training games in XaviX Hot Plus focus
on visual search skills and the ability to identify and
locate visual information quickly in a divided-attention
format. By the concept of cognitive training, it was
then expected that compared with those who did not
receive training, the Video game Group would improve

in visual attention domain, by performing better on
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the MTS test. Our finding has yet detected any effect
in the outcome in this area at 6 week post-training.
This can be explained by the training term of our study,
that it may not be enough time to see the effect. It can
also be due to most of our subjects were not yet
impaired in the domain of our training. Both group
performed equally well at the baseline outcomes on
the MTS test with approximately 92% accuracy and
15 seconds response time. Researchers have shown
that visual search was greater for the patients with AD
than the patients with MCI. “®*” McLaughlin and
colleagues has found similar results in visual attention
performance in MCI group and suggested that MCI
is not associated with declines in visual search
efficacy. @

We also examined the transfer of training
effect onto the non-trained tasks. MCI is typically
characterized by impairment in memory and now with
growing evidence, a reduction in executive functions.
@V Thus, transfer of training was selectively evaluated
on the visual memory task (PRM test) and executive
function domains: problem solving (OTS test), visual
learning and memory (PAL test) and working memory
(SWM test). Following the 6-week cognitive training,
the Video Group showed a trend in improvement
in the executive functions (making fewer errors),
especially in the working memory task where the effect
was highly significant compared to the Control Group
(p < 0.05). This result is desirable because transfer
of the training experience to other cognitive domains
is one of the keys in the research of cognitive training
intervention.

The transfer effect observed is likely due to
the result of the control processes that are involved in

0)

similar brain regions. 9 1n our study, to play speed-
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attention typed video game, the prefrontal regions
should be recruited in order to successfully complete
the visual search processes. The executive functions
by CANTAB OTS, PAL, and SWM tests are also known
to be mainly supported by the prefrontal cortex."®
Thus, we can predict the transfer tasks such as
working memory, visual learning and problem solving,
which involved in the prefrontal cortex, are to be
affected. The training transfer was not observed on
the visual memory task of PRM test. This might be
due to the nature of CANTAB PRM test which is
designed to detect change in medial temporal lobe
function in which, the process overlap with the training
task for this measure was less than that of executive
functions.

Our study suggests that there is a possibility
which the older adults with MCI could improve
cognitive functions in short-term video game training.
Importantly, while memory is the primary impairment
in MCI, the executive functions, which include working
memory (system that stores and manages information
to do tasks such as reasoning, and comprehension),
new learning, problem-solving and planning, are parts
of the core cognitive impairments in those MCI

persons converting to AD.% *

Thus, playing video
games, as a form of treatment, may have clinical
implications for MCI population by improving the
executive functions components that are subject to
decline in the early stage of AD and are associated
with difficulties in every day task. As mentioned,
cognitive function in older adults is related to
independent living and need for care. Training elderly
in the cognition abilities could increase the length

of time they are able to remain independent and

decrease burdens on caregivers.

Chula Med J

The limitation of this study includes relatively
small sample size, based in only one center and
inability to prolong intervention duration longer than
6 weeks due to time constraints. Also, the lack of
random assignment in the quasi-experimental design
method may allow studies to be more feasible, but
this also poses many challenges for the investigator
in terms of internal validity. In addition, itis likely that
our study sample included primarily highly motivated
subjects and it is unclear whether our results would
generalized to less motivated subjects. Also, it was
difficult to track or control the variety of extraneous
and confounding variables that exist in a social
environment (e.g. change in their leisure life style).
Lastly, future research should assess not only
whether cognitive training via video games improves
performance on cognitions, but whether the training
improves performance on everyday functions such
as ability to use the phone, keep the appointment,

preparing a meal, shopping or driving.
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