HATAINNFLAUARA tBINNFE COGNITIVE FUNCTION lunguauis

MILD COGNITIVE IMPAIRMENT W I?\?WEIWU’]Z\]QW’]@\?T]‘;‘ELE

WNAIINIY RAIIDITNA

ﬁ*vmWﬁwuﬁﬁlﬂumuuﬁw@Nﬂwﬁﬂ‘mmwﬁﬂ@;mﬁﬂgmﬁmmmmmumﬁmﬁm
AN1NITIGININAR NVATIRANTAGAT
ADIEUNNYANART AWNAINIINUINLAE]
Tinsfinen 2554

A1V VRINIAINTINMNINENAE

undadenazuiudoyaniiufuveinniinusdwainsdnm 2554 Aldusmsluadsalyagna (CUIR)
Whunudeyavesiidadvesinniinusidaiunaiaudainnds
The abstract and full text of theses from the academic year 2011 in Chulalongkorn University Intellectual Repository(CUIR)
are the thesis authors' files submitted through the Graduate School.



EFFECTS OF A VIDEO GAME ON COGNITIVE FUNCTION IN
OLDER ADULTS WITH MILD COGNITIVE IMPAIRMENT AT
KING CHULALONGKORN MEMORIAL HOSPITAL

MISS KARANEE LEELAVANICHKUL

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Science Program in Mental Health
Department of Psychiatry
Faculty of Medicine
Chulalongkorn University
Academic Year 2011

Copyright of Chulalongkorn University



Thesis Title EFFECTS OF A VIDEO GAME ON COGNITIVE FUNCTION
IN OLDER ADULTS WITH MILD COGNITIVE IMPAIRMENT
AT KING CHULALONGKORN MEMORIAL HOSPITAL

By Miss Karanee Leelavanichkul

Field of Study Mental Health

Thesis Advisor Solaphat Hemrungrojn, M.D.

Thesis Co-advisor Assistant professor Sookjaroen Tangwongchai, M.D.

Accepted by the Faculty of Medicine, Chulalongkorn University in Partial

Fulfillment of the Requirements for the Master's Degree

................................................... Dean of the Faculty of Medicine

(Associate Professor Sophon Napathorn, M.D.)

THESIS COMMITTEE

................................................... Chairman

(Associate Professor Siriluck Suppapitiporn, M.D.)

................................................... Thesis Advisor

................................................... Thesis Co-advisor

(Assistant Professor Sookjaroen Tangwongchai, M.D.)

................................................... External Examiner

(Thammanard Charernboon, M.D.)



w36l Aanaclana: nazesnneUIATeinasa COGNITIVE FUNCTION lunguauiis
MILD COGNITIVE IMPAIRMENT 24 INWE]’]UW@QW’]@QT]?Q; (EFFECTS OF A
VIDEO GAME ON COGNITIVE FUNCTION IN OLDER ADULTS WITH MILD
COGNITIVE IMPAIRMENT AT KING CHULALONGKORN MEMORIAL HOSPITAL)
0. TBnEAnenTnugudn: ANy, Tainwng windtydisaid, a. AsnmnAneniinug
;WAL UN. §ULATTY sanasflae, 70 wih,

[ %

= Ao & o alal A 2 | A '
NMIANHIINENMAABIATIHNIRY LU aaANa AN HINATBINNTLAUIR AN FD
cognitive function TunguAWNE Mild Cognitive Impairment (MCI) Tnailananasing 20 A
8189519 54-74 1 Ndwnousiatiads MCI Iaeapunng uazianunliunisannsasfiae
nsluuunaaaLaNssnnwanasueslne (TMSE) uaz uuuissiiuwnailoyoieiiu
A ng (MoCA-Thai) dautanisuniaunuazilszidin cognition NAKLATUAINITNARES
WA visual memory, attention, processing speed WAL executive functions Tnenng I
IAFRNNaszULABNNIWaS Cambridge Neuropsychological Test Battery (CANTAB) ngu
o 1 1 [<1 1A 1 1 1 Yy 1 aa =3
Faatinguiiailu 2 nquae nguALIANLAZNANNAAEY NNNAaasas lAIAWIATaNNEN
cognitive AU speed-attention 1iluszaziaan 6 a1t
=® 1 U dl 1 ada dl = a % a %
HANNIANHINLIINANMAUTATaINN iNaRn19lsziiumae CANTAB HN1sWmun
#u executive function Tugau working memory (SWM test) A9 INNENAILIANAEINIE
UHANATYNNEDA (p < 0.05) wazioTiAszinnglungu NeuLATMAILAWNN WLAIH
wansineneTungy Tnanguiaunuiiessifiugion CANTAB Jnemunlusnu
processing speed WAL executive functions Tugdau problem-solving WAL visual learning
(OTS uaz PAL tests) Nsnaaataiuayuinnsauiatanuluaund MCI iuanunsn
o Ve . =X 7 a o dgjﬁ a o dl =2 o 1 L | 1 o 1
WAL cognitive functions DekdINUA8 T RINUITNE AN®I1UNTRY AN NN

o v 1 a o dl 1 1 dl I =2 1 aal &
UIUUBE LLWWUNZ\]ﬂ’W‘J")@HVILL’]‘W@i@LL@ZHWW@ZNﬂ’Wﬁ‘ﬁﬂHWN@%’ﬂ\iﬂqﬁ‘mu'}ﬁiﬂmuiuﬂf\wﬂ;lj

a

1 1 %
7% Mcl palulusnuaunuInau

AP ApTAIRRT AVIHDTATIRB oo
a a A d} dl a a '8 o
AT AUNINAR ANNDTA B.NUINH ANV INUEUAN oo

_______ D
| '
A =

Tlnn9AnEn 2554 ANLNDTA B.NUINHANENINUSIIN v



# # 5374615930 : MAJOR MENTAL HEALTH
KEYWORDS : MCI/ CANTAB / COGNITIVE TRAINING / VIDEO GAME

KARANEE LEELAVANICHKUL : EFFECTS OF A VIDEO GAME ON COGNITIVE

FUNCTION IN OLDER ADULTS WITH MILD COGNITIVE IMPAIRMENT AT KING

CHULALONGKORN MEMORIAL HOSPITAL. ADVISOR: SOLAPHAT

HEMRUNGROJN, M.D., CO-ADVISOR: ASST. PROF. SOOKJAROEN

TANGWONGCHAI, M.D., 70 pp.

The purpose of this quasi-experimental research was to study the effects of a
cognitive-specific video game in older adults with MCI. Twenty volunteers aged 54-74
years fulfilling diagnosis criteria for MCI were enrolled. The screening instruments
include Thai Mental State Examination (TMSE) and Thai version of Montreal Cognitive
Assessment (MoCA-Thai). The samples were divided into 2 groups, the Video game
Group and Control Group. The Video game Group received 12 session of speed-
attention type video game training. Cognitive functions in areas of attention, visual
memory, processing speed and executive functions were assessed using the
Cambridge Neuropsychological Test Battery (CANTAB) at baseline and after 6 weeks or
12 sessions of training.

The results showed that at 6 weeks, the Video game Group had significant
improvement in executive function in an area of working memory 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).
The result indicated that there is a possibility which the elderly with MCI could improve
executive functions from cognitive training. Although the present study is a pilot study
with small samples, 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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CHAPTER |

INTRODUCTION

BACKGROUND AND RATIONALE

The aging of the population is one of the most profound changes affecting
present society. The proportion of older people in the population has grown
dramatically, and with it, the number of age-related illnesses, such as dementing
illnesses. Dementia is a loss of cognitive abilities in multiple domains that results in
impairment in normal activities of daily living and loss of independence. Alzheimer’s
disease (AD) is the most common cause of dementia, responsible for 60 to 80 percent
of all dementia [1]. AD causes severe suffering for patients, including progressive
functional impairment, loss of independence, emotional distress, and behavioral
symptoms. It is not clear what begins the process, but damage to the brain appears to
begin as many as 10 to 20 years before any obvious symptoms of the disease and the
average life expectancy after diagnosis is 8 years. Families and caregivers often
experience emotional and financial stress. According to a study released on World
Alzheimer’'s Day 2010, around 35.6 million people currently suffer from dementia, and
the number is expected to hit 65.7 million in 2030 and 115.4 million in 2050 [2]. It is well
understood that this dramatic escalation of the number of people with dementia will have
a significant impact on the healthcare system in this country as well as a major
economic impact. In Thailand, Thai Health Promotion Foundation reported in 2009 that
about 250,000 Thai people is living with a form of dementia and predicted in the next 50
years, the number of Thais with dementia will hit one million [3].

There is a worldwide effort to promote research focusing on improving care and
quality of life, drug intervention, and diagnostic services for dementia patients. A
number of reasonable studies on dementia, specifically Alzheimer’s disease, have been
available, but still there is clearly no specific treatment for AD and no effective

pharmacologic treatment options. Therefore, at the present time prevention seems to be



the best approach. Careful control of cognitive decline risk factors and/or having
cognitive protective factors is important in primary and secondary prevention of AD (See
Table 1). With scientific advances, the focus now is turning to serve patients earlier in
the disease state or in people without symptoms or who have only slight memory

problems to extend independence and improve quality of life.

Table 1. Potential risk factors and interventions for cognitive decline [4]

Direction of Level of
Factors

Association Evidence

Increased risk * APOE e4 genotype Low

* Depressive disorder
* Diabetes mellitus
* Traumatic brain injury

» Current tobacco use

Decreased risk « Cognitive training High*

* Mediterranean diet Low
» Vegetable intake

* Omega-3 fatty acids

* Light to moderate alcohol intake

» Physical activity, particularly high levels
» Non-physical/non-cognitive leisure

activities

No association * Vitamin E Moderate
» Cholinesterase inhibitors
 Vitamins B6, B12 and folic acid

supplements

* Higher levels of education Low
* Obesity

« Alcohol intake




Recently, cognitive training has drawn much attention to mental health research
group. Cognitive training is considered as effective as a therapeutic strategy to prevent
cognitive decline in older adults (Table 1). Numbers of observational studies have
shown an association between participation in cognitive activities and a reduced risk of
dementia in elderly and healthy adult subjects [5-7]. Yet, comparing to other cognitive
training activities, video games are often overlooked as a research tool, especially in
older adults. Most previous research related to video games focused on the discussion
of physical and behavior outcome of children and teenagers. There are only few studies
that focus on video game and cognitive abilities. This could be due to the lack of
technology of both, 1) the gaming system that is suitable for older adult and elderly; and
2) the evaluation tool that is sensitive enough to assess cognition in healthy persons or
people who is at the early stage of cognitive decline, and especially in an experimental
settings where the tools need to be able to accurately detect the change in functional
cognitions over a short time period. In addition, the evidences obtained from past
studies on cognitive activities were mostly based on observational-type studies, in
which, has to be confirmed by intervention-type studies, so that recommendations for
participation in cognitive training activities to lower the risk of dementia can be set as
guidelines. Last, the research that targets on population at high risk to develop
dementia, mainly early AD and mild cognitive impairment (MCI) subjects are also
needed.

With a new generation of video game systems that allow individuals to play
games via body-controlled, there is a potential use of this new technology in older adults
for cognitive training. SSD Company Limited combines the technology of using
handheld motion sensors, and the cognitive-specific game designed and came up with
a videogame system call Xavix Hot Plus (SSD Co.Ltd, Japan). The company has
reported over 1500 elderly centers in Japan have been introduced to the video game
system. Some centers have started using the system as cognitive rehabilitation in
adjunct to routine physical therapy, but there have not been any studies published [8].

In general, people that take up video-gaming, they can expect the following benefits:



decreased overall reaction times, increased eye-hand coordination, and enhanced
manual agility. Additionally, a computerized battery test, Cambridge
Neuropsychological Test Automated Battery (CANTAB), is introduced, for the first time,
in Thai subjects to assess cognitive functions. CANTAB was developed by Cambridge
Cognition Ltd. (Cambridge, UK) has been widely used in Europe and in more than 60
different countries around the world to assess dementia [9]. It is a well-validated tool,
used in detecting early cognitive changes, and suitable for repeat testing in cognitive

research.

RESEARCH QUESTION

Primary:

Can playing video game training, for 50 minute bi-weekly session, improve cognitive

function (CANTAB score improvement) in mild cognitive impairment patients?
Secondary:

Which area of cognitive functions based on CANTAB scores that playing video game

has the most effect on?

OBJECTIVE

Accordingly, the specific aim of the project was to evaluate the effects at 6
weeks (12 sessions) after the cognitive training (speed-attention typed) via video game

playing in older adults with MCI.



SCOPE OF THE RESEARCH

This was a comparative, controlled, quasi-experimental study in patients with
mild cognitive impairment (MCI) in a single center in Bangkok, Thailand. This study took
place from October 2011 to April 2012, at the Dementia Clinic, King Chulalongkorn
Memorial Hospital. The goal was to enroll 24 MCI subjects with 12 subjects in each
group (Video game and Control group).

Thai older adults with MCI, ranging in age from 50 to 75, with adequate verbal
expression, visual and hearing abilities were invited to participate. The MCI diagnoses
were made by trained psychiatrists according to standardized clinical criteria (TMSE 2
24), and MoCA-Thai < 24) and criteria for MCI by Petersen et al.[10]. The subjects were
required to answer a questionnaire (See Appendix C) prior to enrollment. Three items
on the questionnaire were used to determine if the subjects fit the inclusion criteria. ltem
#3, the subject needs to have at least 4 years of education. Item #15, the subject must
not engage in regular exercise activity (S 3 times per week of 30 min-exercise). Lastly,
ltem #17, the subject must not regularly play game (< 3 times a week of 30 min session).

There are many domains of cognitive functions in MCI research which cannot be
analyzed fully in one study. Thus, this research only focuses on measuring CANTAB test
outcomes in areas of attention, processing speed, and executive functions (working
memory, problem solving, and visual learning.).

The video game intervention was done using Xavix Hot Plus Video game system.
The intervention consisted of bi-weekly sessions of 50 minute playing scheduled video
game for 6 weeks (12 sessions). The style of games chosen was aimed at training
attention and speed. The primary study endpoint corresponds to change in cognitive
function between baseline and post training (or at 6 week) assessed by CANTAB. The
subjects were considered as dropout when they elect to discontinue study or if they

miss two or more consecutive appointments.



LIMITATION

The limitation of this study includes relatively small sample size, based in only
one center, no subdivision MCI into subtypes and inability to prolong intervention
duration longer than 2 months. Also, this is an open (non-blinded) study. Both the
subjects and experimenter were aware of all the facts in the study. Though the
researcher was not involved in determining subject eligibility and had no influence over
the test analysis due to computerized system of the battery test (all the data was
collected by the computer), but by having the same person, giving the intervention and
determining the outcome, may have caused bias.

Furthermore, with limited time constraint, a quasi-experimental design was used
and there was no random assignment. All subjects joined the study with intention to
receive cognitive training via video game, but only subjects that were able to commit to
the intervention schedule, were assigned into the intervention group. The lack of
random assignment may allow studies to be more feasible, but this also poses many

challenges for the investigator in terms of internal validity.

HYPOTHESIS

At 6 weeks, there should be a difference in the CANTAB test outcomes between groups

as a result of video game training.



OPERATIONAL DEFINITION

- Mild Cognitive Impairment (MCI)

MCI (no sub-classification) will be diagnosed by the psychiatrists at King
Chulalongkorn Memorial Hospital. A diagnosis of MCI was assessed with TMSE (score
of more than 24) and the MoCA-Thai test score with the score below the cutoff of 25 [11]
and MCI clinical criteria developed by Petersen et al. [10]. From the definition of
Petersen et al. (2001), MCl is a clinical label that includes aged persons without

dementia, but with memory impairment and no significant disability.

- Video game training intervention
Intervention consisted of bi-weekly sessions of 50 minute playing Xavix Hot Plus
video game for 6 weeks (12 sessions). Participants will play games that were chosen by
the researcher and play according to the designed schedule. Pre-selected games were

ones that central on speed-attention training.

- Cognitive functions
Cognitive function outcome will be evaluated by CANTAB in the following areas:
attention, visual memory, processing speed and executive functions (problem-solving,

working memory and visual learning.)

EXPECTED BENEFIT AND APPLICATION

- Animprovement in cognitive abilities of the participants resulting from doing
cognitive training via video game (speed-attention typed)
- Use as guideline to plan activities for seniors, specifically to help caregivers

include appropriate mentally stimulating activities for elderly adults in their care



CONCEPTUAL FRAMEWORK

Condition Intervention Outcome
Cognitive functions:
Video game training
Mild Cognitive CANTAB scores (Attention,

Impairment (MCI)

50-minute bi-weekly

(See Table 7 & 8)

Memory, Speed and

Executive functions)

Independent Variables

Personal factors
- Age, years

- Gender

- Education level

- Disease history

- Hypertension
- Diabetes

- High Cholesterol
Neuropsychological

Test scores
- TMSE

- MoCA-Thai

Outcome
Intervention Post-test
CANTAB CANTAB
6 weeks
test at ) test at
day 1 (T,) week 6 (T,)
Intervention
n=10
Controlled
n=10
CANTAB CANTAB
test at ) test at
day 1(T,) |6 weeks | week 6 (T,)




CHAPTER I

LITERATURE REVIEW

MILD COGNITIVE IMPAIRMENT (MCI)

“Dementia is characterized by multiple cognitive defects that include
impairment in memory without impairment in consciousness. Cognitive functions that
can be affected in dementia include general intelligence, learning and memory,
language, problem solving, orientation, perception, attention and concentration,
judgment, and social ability. The impairment must be sufficient in severity to interfere
with social and occupational functioning.” - American Psychiatric Association:

Diagnostic and Statistical Manual of Mental Disorders, 4th Edition (DSM-IV), 1994,

There are many different types of dementia although some are more common
than others. They are often named according to the condition that has caused the
dementia. Some of the most common ones are: Alzheimer's disease, vascular dementia,
dementia with Lewy bodies and frontotemporal dementia.

The concept of mild cognitive impairment (MCI) has received considerable
attention in the literature over the past few years. MCl is a relatively recent term, used to
depict the transitional zone between normal aging and dementia such as Alzheimer's
disease (See Figure 1) [10, 12]. MCI describe people who have clinically significant
memory impairment, often accompanied by the functional deficits in attention, language,
visuospatial and psychomotor function, but do not fulfill the current DSM-IV criteria for
dementia. Scores on the Mini-Mental State Examination (MMSE) will typically be in the
24 10 27 range, with points lost on the three-item recall. Additional screening using the
Montreal Cognitive Assessment (MoCA) and Clinical Dementia Rating (CDR) should be
done for subjects who score over 24 points on the MMSE to identify MCI patients (cut-off

point of 25 on MoCA and 0.5 for CDR).
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No Cognitive
Impairment

N\
~ R MCI

\ Mild Dementia

(usually AD)

Severe Dementia
(usually AD)

>

Cognitive Function

Time
Figure 1: From Chertkow, H. et al. (2008): Model of the Continuum of Cognition
and Aging. Mild Cognitive Impairment (MCI) in this model is indicative
of a decline from normal cognition but not reaching the threshold for

dementia.

A typical history includes an assessment of cognitive symptoms and
noncognitive symptoms. In addition to memory loss, there can be disorientation, poor
attention span, and language impairment. There must be a decline in the activity of daily
living, and possibly also impaired perception and personality changes. Behavioral
symptoms include delusions, aggression, agitation, anger, wandering, hallucinations,
and sleep disturbance.

Subjects who has MCI are at an increased risk of going on to develop
Alzheimer's disease (or another form of dementia), but some remain stable, while others
even revert to normal. The conversion rate from MCI to AD is 10-15% per year while
normal aging group is found at 1-2% which makes patients with MCI a prime target for
intervention studies [13, 14]. While all patients who develop some form of dementia go

through a period of MCI, not all patients exhibiting MCI will develop AD.
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STANDARDIZED COGNITIVE ASSESMENT TEST

The standard evaluation consists of getting a history from the patient and, ideally
and importantly, from an informant. The clinician's examination should include a
structured mental-status examination. Community cognitive screening has been
proposed as a means of identifying persons with MCI or undiagnosed dementia in the
early stages. Screening tools employed should be short, easy to administer, and have a

high sensitivity and specificity.

a) Thai Mental State Examination (TMSE) [15]

TMSE is chosen as one of the screening instruments for dementia at the
Dementia clinic, King Chulalongkorn Memorial Hospital. TMSE was developed by the
Train the Brain Forum committee and were based on the original MMSE [16] with some
modifications in the subtest questions (orientation, attention and language subtests).
Some questions and scoring systems were changed or added to make the test more
appropriate to cultural and educational backgrounds of Thai people. The purposes of
both TMSE and MMSE are to screen for global cognitive impairment, track the
progression of and measure the changes of cognitive function over time.

The total possible score of TMSE ranges from 0 -30 points and contains 6 basic
subtests concerning: orientation (6 points), registration (3 points), attention (5 points),
calculation (3 points), language (10 points) and word recall (3 points). It takes about 10
minutes to complete the test. Normal individual usually scores 25 or higher. Scores that
are less than 10 generally indicate severe cognitive impairment. People with mild
Alzheimer’s disease tend to score in the 17 to 23 range. However, scores may need to
be adjusted or interpreted differently to account for a person’s age and education (i.e.
subtract 5 points from cut-off point if < 6 years of education). It's possible to achieve a
very high score but still have significant cognitive deficits, especially in areas such as

executive functioning that the TMSE is not designed to test for.
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b) The Montreal Cognitive Assessment (MoCA) [17]

The MoCA test was developed to differentiate between normal age-related
cognitive decline and MCI. It is suitable for any individual who is experiencing memory
difficulties but who scores within the normal range (over 24) on the MMSE or TMSE for
Thai population. MoCA has been demonstrated to be valid and reliable for screening of
MCI in various cross-cultural clinical samples. The MoCA test is a 30-point test
administered in 10 minutes. The MoCA assesses several cognitive domains: visuospatial
(4 points), executive functions (4 points), language abilities (6 points), attention (5
points), memory (5 points) and orientation (6 points). The MoCA has more emphasis on
tasks of frontal executive functioning and attention than the TMSE, which may make it
more sensitive in detecting non-AD dementia. A final total score of 26 and above is
considered normal and a final total score below 25 is indicative of mild cognitive
impairment for the original English version MoCA. King Chulalongkorn Memorial Hospital
uses MoCA-Thai test with the cut off score of below 25 for screening MCI in Thai clinical
sample [11]. Thus, the optimal cutoff score of the MoCA-Thai in this study is 1 point

lower than the original English version MoCA.

c) Cambridge Neuropsychological Test Automated Battery (CANTAB) [9]

The CANTAB battery uses touch screen technology to give rapid, accurate, and
language-independent cognitive assessment (see Figure 2). CANTAB tests have good
test-retest reliability and parallel forms of many tests help guard against learning effects
over repeated testing sessions. Floor and ceiling effects are avoided by gradually
increasing the demands of the tests. Each battery or testing session (using 3-5 tests to
measure change in cognitive function) can be completed in 25-45 minutes depends on
number of tests used. The key outcome measures are analyzed by comparing the total
corrected score in each test with the normative data (given by age, gender and/or 1Q) or

baseline data of individual.
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Figure 2. Touch screen for CANTAB Battery (www.cantab.com)

Table 2. The 22 tests in CANTAB and the test purposes

Type

Test Name

Purpose

Screening tests

Motor screening (MOT)

Screens for visual, movement and

comprehension difficulties

Big/Little Circle (BLC)

Tests comprehension, learning and

reversal

Visual Memory
tests

Delayed Matching to
Sample (DMS)

Tests immediate and delayed

perceptual matching

Paired Associates
Learning (PAL)

Assesses episodic memory and

learning

Pattern Recognition
Memory (PRM)

Tests visual recognition memory

Spatial Recognition
Memory (SRM)

Assesses spatial recognition memory

Executive function,
working memory
and planning tests

Intra/ Extra Dimensional
Set Shift (IED)

Assesses rule acquisition and
attentional set shifting

One Touch Stockings of
Cambridge (OTS)

Assesses spatial planning

Stockings of Cambridge
(8OC)

Assesses spatial planning and motor

control

Spatial Span (SSP)

Tests working memory capacity

Spatial Working Memory
(SWM)

Assesses working memory and strategy

use
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Type

Test name

Purpose

Attention tests

Choice Reaction Time
(CRT)

Measures speed of response in a
simple 2-choice paradigm

Match to Sample Visual
Search (MTS)

Tests ability to match visual stimuli and

measures reaction and movement time

Reaction Time (RTI)

Measures speed of response and
movement in single and 5-choice

paradigms

Rapid Visual Information

Processing (RVP)

Tests visual sustained attention

Simple Reaction Time
(SRT)

Measures speed of response to a single

stimulus

Semantic/verbal
memory tests

Graded Naming Test
(GNT)

Gives a measure of semantic memory

by assessing object naming ability

Verbal Recognition
Memory (VRM)

Assesses free recall, and immediate
and delayed recognition memory for

verbal information.

Decision making
and response
control tests

Affective Go/No-go
(AGN)

Assesses information processing biases
and inhibitory control for positive and

negative stimuli.

Cambridge Gambling
Task (CGT)

Assesses impulse control and risk-

taking in decision making

Information Sampling
Task (IST)

Tests impulsivity and decision making

Stop Signal Task
(SST)

Gives a measure of response inhibition
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The 22 tests in CANTAB and their purposes are listed in Table 2. The tests

assess different aspects of cognitive functioning and may be divided into the following

main types of tasks: Screening tests

- Visual memory tests

- Executive function, working memory, planning tests

- Attention tests

- Semantic/verbal memory tests

- Decision-making and response control tests

Chapter 3 under research instrument section gives details of the battery test
used in this research. The selection of the battery test used in this study was based on
“The CANTAB Alzheimer's™” and “CANTAB Enhance ™", two of the CANTAB Core
Batteries™ that were developed by the Cambridge Cognition’s Science and Academic
research teams [9]. Each core battery consists of a set of tests, chosen to be the most
sensitive to the disorder of interest. For example, the select model, CANTAB
Alzheimer's™ battery is designed to assess the key domains of cognitive decline seen
in dementia. The tests have shown to be sensitive and effective to detecting and
measuring deterioration in cognition over short time courses. Some of the tests from the
CANTAB enhance™ were added to the designed battery to gain a broad coverage of
cognitive domain. This set of tests is proven to be sensitive to pro-cognitive effects. In
addition to the tests recommended by Cambridge Cognition team, the review article by
Egerhazi ef al. on CANTAB in MCl and in AD was used to aid in selecting appropriate
assessment tests in this study [18].
From the patient’s perspectives, CANTAB tests have an attractive, game-like

quality. As a result of the patient-friendly nature of CANTAB, testing batteries of 25-45
minutes are easily tolerated in older adults and elderly and not too difficult for individuals
with cognitive impairment. The battery Test selection was also based on practicality and

tolerability for Thai older adults with MCI.
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COGNITIVE TRAINING

a) General Concept and Review

Cognitive training is a method that aims at improving, maintaining or restoring
mental function through the repeated and structured practice of tasks that reflect
particular cognitive functions, such as memory, attention, processing speed, language
or executive functions (e.g. planning, problem-solving) [19]. Some selected
experimental studies on effects of cognitive training with various cognition outcomes in
healthy older, MCI, and/or dementia subjects are summarized in Table 3.

There are currently few studies on the specific-cognitive training that report
cognitive outcomes in persons with MCI [20]. 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 [21].

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 to other non-trained cognitive domains [22, 23]. For example, cognitive
training in areas other than memory has actually been seen to generalize and transfer to
memory systems [24, 25]. Several reviews have considered playing video game as a
cognitive training that centered on this restorative approaches [26, 27]. 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.



Table 3. Summarized experimental studies on the effects of cognitive training on various domains of cognitive function

Authors Diagnosis (n) | Intervention Design Outcome* Results
3 cognitive trainings i )
Ball et al. Older adults i 10-session i o Improved in ADL, speed, memory &
(speed of processing, N Cognitive abilities & ADL )
2002 [28] (2832) , group training reasoning) Effects lasted over 2 years
memory, reasoning)
_ MCI and L i
Belleville et al. , Memory training in group 1 day/wk — Trained MCI group shows an
Normal aging , 3 episodic memory tasks ) o
2006 [20] 47) setting for 8 wks improvement on episodic memory
_ Mild to . o o ,
Farina et al. 2 cognitive trainings (ADL | 3 days/wk Significant improvement on FLSA. No
moderate AD ) FLSA, MMSE T
2002 [29] (22) and attention) for 5 wks significant effect on MMSE
Londos et al. MCI (15) Cognitive training aims to | 2 day/wk Memory, spatial and Significant improvements were seen in
2008 [24] improve memory for 8 wks processing speed abilities | cognitive processing speed
Brain plasticity-based 1 hour/day, Memory and attention showed
Mahncke et al. | Older adults , N RBANS memory and o , )
computerized cognitive 5 days/wk, , significantly greater improvements in
2006 [25] (487) o attention ,
training for 8 wks the experimental group
‘ , 15min/day, global cognitions, , , .
Nouchi et al. 2 game groups (Brain } i Improvements in executive functions
Elderly (32) ] 5 days/wk, executive functions, ]
2012 [22] Age, Tetris) , and processing speed
for 4 wks attention, speed
Rapp et al. MCI (19) Cognitive training aims to | 1 day/wk MMSE, memory The trained group did better at word
2002 [30] improve memory for 6 wks (immediate and recall) list recall than control
Talassi et al. MCI and mild | Cognitive training vs 4 days/wk MMSE, behavioral Cognitive training improved globall
2007 [31] AD (66) physical rehabilitation for 3 wks symptoms cognitive status (MMSE)

*wk —week, ADL - Activity of Daily Living, MMSE — Mini Mental State Examination, FLSA - Functional living skill assessment,
RBANS - Repeatable Battery for the Assessment of Neuropsychological Status

Ll
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b) Video Game as Cognitive Training Tools

Video game technology is proving to be a valuable tool for helping people of all
ages improves lifestyle and health habits. A review by Dr. Bavelier's group showed that
video games have significant benefits for older adults by providing cognitive stimulation
and a source of social interaction, exercise and fun [27]. In the review, the authors also
mention several other reports that have demonstrated that video game play can improve
perceptual, motor, and cognitive function and significant decreases in reaction time as a
result of video game experience in older persons. Unfortunately, concluded by the
authors, the studies mentioned in the review did not include intervention control groups,
so the results will need further investigation.

Furthermore, it is essential to convey the fact that not all types of video games
lead to similar effect. There is variety of different skills which the games are modified to
train the player. Of particular cognitive domains to be trained, several studies have
suggested attention-speed training type [23, 28, 32, 33] . The direct effect of training
this domain is found to improve selective visual attention, such as the ability to quickly
detect and identify a target in a cluttered background. This in turn, is very crucial in
older adults as it is the ability that is emphasized during visually demanding activities

such as driving a car or searching for a friend's face in a crowd.

c) Visuo-motor video game system

Today there are newer generations of games that allow players to respond with
more realistic motor responses via sensors or also known as the body-movement-typed
video game which is more interactive than standard video game with gamepad. This
type of system is visuo-motor enrichment, and could prove to be even more beneficial in
training visual attention.

Xavix Hot Plus was developed by SSD Company Limited as a training system or
rehabilitation program that can be easily used by elderly or persons with dementia with
the additional programs for recreation. This Xavix Hot Plus video game system

combines the technology of brain training games with the body-movement-typed video
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game. The training system uses the "motion sensor technology" that accurately

recognizes and captures the movement of the player's hands via Glove or Mat sensors

(See Figure 3). There are 24 games available in the Hot Plus set (See Table 4) [34].

Table 4. List of Xavix Hot Plus games (24 games)

Recreation Program

Rehabilitation Program

- Red White Bowling
- Slot Machine

- Party Bowling

- Quoits

- Bowling

- The Bingo

- Golf

- Catch the Coin - Ball Catch

- Door Opening - Ladder Climbing
- Double Handling - Toss the Ball
- Mole Step - Count Step
- Japanese archery - Japanese Drum
- SUMO wrestling - Which is different one?
- Catch the Number - Touch panel
- Match-up the Number - Memory (Card game)

- Spelling

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. For

example, the ‘Catch the coin’ and ‘Toss the ball’ games (Figure 3C-D) are designed to

improve the concentration skills and give seniors a mild level of physical exercise, while

the mole step an drum games (Figure 3E-F), are intended to improve reflexes,

strengthen muscles, and visuomotor processing activity. The games in the Hot Plus set

is simple to understand and play for elderly and suit well to subjects with cognitive

impairments.
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Figure 3. Xavix Hot Plus video game system and sample screen shots
(http://www.hotplus.jp)




CHAPTER III

METHODOLOGY

EXPERIMENTAL DESIGN

This was a comparative, controlled, quasi-experimental study in subjects with

mild cognitive impairment in a single center in Bangkok, Thailand.

a) Subjects

Subjects were recruited on a voluntary basis from King Chulalongkorn Memorial
Hospital. All subjects who have been diagnosed with MCI were invited to participate
(See operational definition for MCl in Chapter |). Diagnoses were made by psychiatrists
according to standardized clinical criteria (TMSE, and MoCA-Thai) and criteria for MCI
by Petersen et al. [10].

Other inclusion criteria
- 50-75 years of age, with adequate verbal expression, visual and hearing abilities
- Atleast 4 years of education
- Cognitive test requirements: TMSE (2 24), and MoCA-Thai (< 24)
- Does not engage in regular exercise activity (S 3 times/week of 30 min-exercise)
- Does not regularly play game** (< 3 times a week of 30 min-session)
**see list of games in Questionaire item#18, (Appendix C)
- Not currently enrolling in another research study
Exclusion criteria
- Presence or history of a confounding central neurologic disease (e.g., brain
tumor, stroke, epilepsy)
- Currently under Acetyl cholinesterase inhibitor treatment(e.g. donepezil,
galantamine and rivastigmine)

- Presence of substance abuse disorder or substance dependence
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b) Sample size

Sample sizes for comparative research studies

462%(Z, + Zp)?
N = (a ,8)

DZ
N = the total sample size (the sum of the sizes of both comparison groups)
O'Zz the pooled variance (assumed to be equal for both groups)

Za' = the desired significance criterion
ZB = the desired statistical power

D = the minimum and expected difference between the two means

y = 3(0.27)(1.96 + 1.28)?

- = 19.06

The number of subjects required is estimated at, N = 20 (10 subjects per group)
for Z,=1.96 and Zg= 1.28 (type | risk of 5% (95 Cl), and a power of 90%); 0 and D can
be assumed based on the results of pilot studies. In this case, the effect of cognitive
training activity in MCI subjects (MMSE score) by Talassi E. et al. is used to aid in
choosing the values [31]. 0= 0.27 and D = 0.4. Considering 20% dropout rate, the
sample size should be, N,,, = 24 (12 subjects per group).

With limited time constraint, randomization was not feasible, a quasi-
experimental design was used and there was no random assignment. During the initial
contact, the details of the study were explained and only individuals who indicated a
plan to stay for the duration of study were retained. The subjects were assigned into the
intervention group based on subject convenience (ability to follow the intervention
schedule). Only if there were more subjects than needed in the treated group then

drawing out method would be used.
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c) Research Variables

Independent variables:
- Personal factors: Age, Gender, Education level, Disease history
- Neuropsychological test score: TMSE, MoCA-Thai

Dependent variables:

- Change in cognitive functions (CANTAB scores)

d) Ethical consideration

Ethical clearance to conduct the study was obtained from the Research Ethics
Committee at the Faculty of Medicine, Chulalongkorn University. Permission to conduct
the study was also obtained from the department of psychiatry at the King
Chulalongkorn Memorial Hospital.  Informed written consent was obtained from the
participants (See Appendix B).

Subject data was kept confidentiality and was only be accessed by research
team. No patient identifiers were used in data collection and subsequent analysis and
reporting. The participation in this study was voluntary and he/she may choose to leave
the study at any time without penalty or prejudice in any way.

A participant can be asked to leave the study before it has finished, if the
researcher feels it is in the best interest of the patients and/or participants or if the

participant does not follow the study plan, as agreed to.

e) Data Collection

At the intervention session or testing schedule visit, participants are required to
inform researcher if there is any modification or significant changes in their medicinal
product intake.

All of the included subjects underwent a neuropsychological test, CANTAB
which was administered by the researcher. CANTAB is a computer-based battery test
where scoring provided by the program and thus no influence over the test analysis by

the raters. CANTAB was used to assess cognitions on the subjects at 2 time points
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during the study: pre- (T, — between 1 and 2 weeks prior to) and post- (T,— 1 and 2
weeks following the end of) 12-session training. For the control group (do not play
game), T, was the time when subjects joined the study and T, was at 6 weeks after first
assessment.

All video game training was done at Dementia clinic, King Chulalongkorn
Memorial Hospital. The games were chosen prior to training and the style of games
chosen is aimed at training attention, and speed of visuomotor processing. The
intervention group had to complete 12-session of 50-minute video game playing (see
Table 8 for game and session schedule). Controls continued their regular daily
activities. The primary study endpoint corresponds to change in cognitive function

between T, and T, assessed by CANTAB tests.

RESEARCH INSRUMENT

a) Questionnaire

General health and data form (See Appendix C)

b) CANTAB

Cognitive function outcome was assessed by CANTAB (See Chapter Il for review
on CANTAB tests). A battery comprised of 6 CANTAB tests were set up to assess
cognitive functions and the same sequence of tests was done in all subjects in this
study. Table 5 shows the sequence of the test and the tasks for each selected test. The
battery usually takes 45 minutes to complete. The rater followed the CANTAB test
administration guide book for instructions for administrating the selected tests to
subjects [35]. The guide book contains verbal instructions accompanying each test,
and specific verbal prompts and encouragement that may be used where indicated.
The wording of these instructions is designed to avoid unintentionally instructing

subjects to use one strategy (for example, verbal rehearsal) rather than another.
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Table 5. Battery test sequence and task instructions [35]

Test names Tasks
1.Motor Screening Task The participant must touch the flashing cross which is
(MOT) shown in different locations on the screen. (Figure 4A)
2.Match To Sample Visual The participant is shown a complex visual pattern (the
Search (MTS) sample) in the middle of the screen, and then, after a

brief delay, a varying number of similar patterns are
shown in a circle of boxes around the edge of the screen.
Only one of these boxes matches the pattern in the
center of the screen, and the participant must indicate

which it is by touching it. (Figure 4B)

3.Pattern Recognition The participant is presented with a series of 12 visual

Memory (PRM) patterns, one at a time, in the centre of the screen. These
patterns are designed so that they cannot easily be given
verbal labels. In the recognition phase, the participant is
required to choose between a pattern they have already
seen and a novel pattern. In this phase, the test patterns
are presented in the reverse order to the original order of
presentation. This is then repeated, with 12 new
patterns. The second recognition phase is given after a
20 minute delay (usually after OTS test in this battery).
(Figure 4C)
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Test names

Tasks

4.0ne Touch Stockings of
Cambridge (OTS)

The participant is shown two displays containing three
colored balls. The displays are presented in such a way that
they can easily be perceived as stacks of colored balls held
in stockings suspended from a beam. This arrangement
makes the 3-D concepts involved apparent to the participant,
and fits with the verbal instructions.

The participant must work out in their head how many moves
the solutions to these problems require (to make the lower
display has the same pattern as in the upper display), then
touch the appropriate numbered box at the bottom of the

screen to indicate their response. (Figure 4D)

5.Spatial Working Memory
(SWM)

The test begins with a number of colored squares (boxes)
being shown on the screen. The aim of this test is that, by
touching the boxes and using a process of elimination, the
participant should find one blue ‘token’ in each of a number
of boxes and use them to fill up an empty column on the right
hand side of the screen. The number of boxes is gradually
increased, until it is necessary to search a total of eight

boxes. (Figure 4E)

6.Paired Associates Learning

(PAL)

Boxes are displayed on the screen and are opened in a
randomized order. One or more of them will contain a
pattern. The patterns are then displayed in the middle of the
screen, one at a time, and the participant must touch the box
where the pattern was originally located. If the participant
makes an error, the patterns are re-presented to remind the
participant of their locations. The difficulty level increases
through the test. In the clinical mode, the number of patterns
increases from one to eight, which challenges even very able

participants. (Figure 4F)
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(A)

(D) (E) (F)

Figure 4. Task screens of CANTAB battery test (www.cantab.com). (A) MOT:
screening (B) MTS: speed and accuracy, (C) OTS: executive function
(planning, problem-solving), (D) PAL: executive function (visual

learning and memory) (E) PRM: visual memory, (F) SWM: executive

function (working memory)

At the beginning of the test session, all subjects were trained to be familiar with
the touch screen by MOT test (Figure 4A). The MOT is a training procedure designed to
relax the subject and to introduce them to the computer and touch screen. MOT
simultaneously screens for difficulties with vision, movement, and comprehension and
ascertains that the subject can follow simple instructions. MOT test result would not be
used in the cognitive function outcome in this study. The main cognitive function
outcome will be evaluated in the following areas: visuospatial functions (in terms of
speed and accuracy), attention, memory, and executive functions (working memory,
problem-solving and visual learning). Descriptions of the tests and selected outcome
measures were summarized in Table 6 and sample task screen shots of 6 selected
CANTAB test: MOT, MTS, OTS, PAL, PRM, and SWM were shown in Figure 4 [35].
Outcome measures are calculated from the detailed data stored in CANTAB when each
test is run. Each measure pertains to a particular test, and has a single value for each
run of that test (for example, ‘percent correct’ during the assessment of part of a whole

test).



Table 6. Summary of CANTAB outcome measures
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Test

Function measured

Measures used

Match To Sample
Visual Search (MTS)

Speed and accuracy trade-off task, testing
the ability to match visual samples and
measuring their reaction and movement

time

- Percentage correct
- Time to correct

response

One Touch
Stockings of
Cambridge (OTS)

A test of executive function, planning,
problem solving and working memory
(gives a measure of frontal lobe

functioning)

- Mean choices to correct
- Time to correct

response

Paired Associates

Learning (PAL)

Assesses visual associative learning and
memory, ability to form visuospatial

associations

- Memory score

- Total errors

Pattern Recognition

Memory (PRM)

Visual pattern recognition memory in a 2-
choice forced discrimination paradigm

(sensitive to medial lobe)

- Percentage correct

- Speed response

Spatial Working
Memory (SWM)

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

executive dysfunction)

- Total errors

- Time to complete task

c) Xavix Hot Plus video game system

The Xavix system is accompanying with hardware that includes a base machine

and specialized controllers such as a sensor gloves and mat (Figure 3). Twelve games

labeled under ‘rehabilitation program’ categorized by Xavix Hot Plus Brochure [34] were

selected (See Table 7 for Game instruction). 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 scheduled shown in Table 8. The participants played the 5 games listed on the

schedule with respect to the session number that they attended and played for the total

time of 50 minutes.
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Table 7. Game selection and explanation

Hot Plus

‘Rehabilitation games’

Game Instruction

Using sensor gloves

1. Touch panel

Follow and maintain the moving ball within the enclosed

area

2. Catch the coin

Catch as many coins as possible

3. Double handling

3 cards will show on the screen, find the 2 cards with

same pattern

4. Ladder climbing

Climb the ladder as fast as possible

5. Door opening

Get through as many sliding doors as possible

6. Ball catch

Pop the balloon as they appear on screen

Using J-Mat

7. Mole Stepping

Step on the mole when they come out from the hole

8. Japanese Drum

Step on the drum when the ball comes down to the

center of the drum

9. Count number step

Step the number in ascending and descending order

10. Japanese archery

Shoot the arrow to hit the target while on a moving

horse

11. Which is different

one?

4 pictures appear on screen, choose the one that is not

in the same category as the other three

Using Foam bar

12. Toss the ball

Sort the color ball in the right basket using provided bar

to sort the ball.
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Table 8. 50 minute-session game schedule

50-minute Session # Session # Session # Session #
session 1,59 2,6, 10 3,7, 11 4, 8,12
, 1. Touch
10 minutes 1. Touch panel 1. Touch panel 1. Touch panel
panel
, 2. Which is 2. Count number | 2. Which is 2. Count number
10 minutes , ,
different? step different? step
3. Door 3. Ladder 3. Catch the coin
10 minutes ' 3. Ball catch o
opening climbing
4. Double 4. Double
10 minutes 4. Toss the ball 4. Toss the ball
handling handling
' 5. Japanese 5. Japanese _ 5. Japanese
10 minutes 5. Mole stepping
Drum archery Drum

DATA ANALYSIS

a) CANTAB Data Analysis

i. MTS - Percentage correct and time to correct response
MTS percentage correct is the number of correct responses expressed as a
percentage. As this task includes speed and accuracy demands, subjects may trade-
off speed of response in favor of accuracy, or vice versa. Higher is better. Time to
correct response is calculated by adding up the mean time (from the time the choices
appear, until the time the subject makes correct response) in each of the numbered
stimuli (2, 4 and 8). Itis measured in milliseconds by the program and then converted

to second unit for statistical analysis. Lower is better.

ii. OTS - Mean choices to correct and time to correct response
This ‘mean choices to correct’ measure gives the mean number of unique box
choices that the subject made on each problem to make the correct choice. The result
ranges between 1 and 6 based on the test mode used in this study (the lower the
number, the better). Time to correct response is calculated by adding up the mean time

used in each of the 2-move to 5-move problems.
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iii. PAL — Error and memory scores
Errors are made in PAL when the subject selects a box that does not contain the
target. This ‘Error’ measure reports the total number of errors made at all the n-shape
stages in the PAL test. Lower is better. Memory score (range 0-11) is calculated by
subtracting number of errors made from n-stimuli (uses 0 if negative) and then adding

up across the stages (2, 3, and 6). Higher is better.

2 PRM - Percentage correct and speed response
PRM percent correct is the number of correct responses, expressed as a
percentage. Higher is better. Speed response is the mean time the subject takes in

recognition phase (measured in millisecond by the program). Lower is better.

v.  SWM - Total error and time to complete task

Total error is calculated by summing the total errors (between errors, within
errors and double errors) for all attempted stages. Lower is better. Between errors are
defined as times the subject revisits a box in which a token has previously been found.
Within errors are defined as the number of errors made within a search, i.e., the number
of times a subject revisits a box already found to be empty during the same search.
Double errors are ones that can be categorized as both a within and a between error.
The time to complete the task (from first touching the screen to the last token found) is

calculated by summing the mean time across all stages. Lower is better.

b) Statistical analysis

The quantitative data were described in terms of sample size (n), mean (M),
standard deviation (SD) and range (minimum and maximum). The qualitative data will
be described by their distribution in terms of sample size (n) and percentage (%). The
comparability of the 2 groups was verified on the baseline data. Baseline
characteristics of intervention and control groups were compared using nonparametric
Mann-Whitney-U tests for continuous variables and chi-square, )(2 tests for categorical

variables.
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Statistical comparisons of the mean change (AM) in each CANTAB outcome
score (pre- minus post-intervention data) were made using nonparametric Mann-
Whitney-U test for between groups (intervention effect) and Wilcoxon Signed Ranks test
for within group comparisons (group effect). The tests are two-sided, with a significance
limit of 5% (p < 0.05). The statistical analysis was performed using SPSS® software

V17.0.



CHAPTER IV

RESEARCH RESULT

SAMPLE CHARACTERISTICS

Twenty persons with MCI agreed to participate and decided based on their
ability to commit to the video game intervention schedule and convenience to be in
either the video game intervention (n =10) or the control group (n = 10). The overall
sample had slightly more females (70%), married (80%) and had a mean age of 64.40
(SD = 5.15, max/min = 54/74, p = 0.74). Half (560%) of the sample has high cholesterol,
45% has diabetes and 35% has hypertension. All subjects reported no heart disease.
Table 9 compared Video game Group and Control Group’s characteristics in terms of
age, gender, marital status, years of education, baseline neuropsychological test scores
of TMSE and MoCA and disease history (hypertension, diabetes and high cholesterol).

The Video game Group and the Control Group did not differ with regard to age,
gender, married, years of education and disease history (o > 0.05). 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 statistically
significant difference in the performance of the 2 groups on TMSE or MoCA test scores
(p > 0.05). The average mean TMSE and MoCA test 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.

Cognitive outcomes were measure in areas of attention, visual memory,
processing speed, and executive functions. CANTAB outcome analyses from MTS,
PRM, OTS, PAL and SWM tests at baseline (T,) were summarized in Table 10 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 10) in all



cognitive test outcomes from the 5 selected CANTAB tests (p > 0.05). Thus, the

statistical results in Table 9 and 10 exclude the possibility that any pre-existing
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difference of measure between groups affected the result of each measure after 6

weeks period (T,).

Table 9. Characteristics of participants at baseline assessment (T,)

Video game Group | Control Group All
(n =10) (n=10) (N = 20) p-value
Gender, n (%)
Male 2 (10%) 4 (20%) 6 (30%) 0.33
Female 8 (40%) 6 (30%) 14 (70%)
All 10 (50%) 10 (50%) 20 (100%)
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)
Married, n (%) 8 (80%) 8 (80%) 16 (80%) 1.00
TMSE
Mean = SD 27.50 £ 1.27 27.60 £ 1.43 27.55+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)
Disease History, n (%)
Hypertension 3 (30%) 4 (40%) 7 (35%) 0.64
Diabetes 4 (40%) 5 (50%) 9 (45%) 0.65
High Cholesterol 4 (40%) 6 (60%) 10 (50%) 0.37

N,n — numbers, SD — standard deviation
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Table 10. CANTAB means and standard deviation for the Video Game and Control

Group at baseline (T,)

Video game Group Control Group
CANTAB (n=10) (n=10)
Test outcome p-value
Test
Mean = SD Mean + SD
Percentage correct 92.65 £ 8.31 92.71 £ 8.39 0.97
MTS
Time to correct response
15.54 + 513 15.40 + 3.19 0.91
(s)
Percentage correct 85.00 £ 9.46 80.00 £ 8.52 0.22
PRM
Speed response (s) 2.64 + 0.44 2.89+0.24 0.07
Mean choices to correct 1.35+0.16 140 +£0.27 0.76
oTS
Time to correct response
(s) 109.46 + 39.96 108.94 + 32.71 0.71
s
Stage score
5.90 +2.23 4.30+2.16 0.10
(max 11)
PAL
Total errors 6.50 £ 4.12 7.60 £4.14 0.47
Total errors 25.80 £ 7.69 20.50 £6.50 0.14
SWM
Time to complete (s) 121.88 +23.42 118.21 £ 19.73 0.76

N,n — numbers, SD — standard deviation, s — second,

*p < 0.05,
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Figure 5. MTS scores at time pre- and post intervention. Accuracy and speed were

measured by MTS test
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Figure 7. OTS, PAL and SWM scores at time pre- and post intervention. Executive
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were measured by OTS, PAL and SWM, respectively
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Figure 5-7 shows the change in cognitive performances based on CANTAB
scores at time pre- and post-intervention. Error bars indicate standard errors (SE)
across subjects in each subject group. The direction of the big arrow shows what
considered as better (improvement) in each task measurement. For example, decrease
in the processing time or lower number of choices made is considered better, while the
percentage correct and memory scores should be higher to be considered as better.
The attention (in terms of speed and accuracy) was measured by MTS test (Figure 5.)
The visual memory was measured by PRM test (Figure 6). The executive functions
(planning and problem-solving, visual memory and learning, working memory) were

measure by OTS, PAL, and SWM tests (Figure 7).

EFFECTS OF VIDEO GAME ON COGNITIVE FUNCTIONS

Intervention Effect

The goal of this study was to evaluate the effect of the video game training on
cognitive functions of the MCI subjects. 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 11). Nonparametric Wilcoxon-Mann-Whitney U test were
conducted to compare between the Video game and Control Groups for the mean
change in scores (4AM) in each cognitive tests (the intervention effect.) The level of
significance was set at p < 0.05.

After 6-week of video game 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 11).
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Table 11. At 6-week post training, change in cognitive outcome scores (AM), median

and interquartile range (IQR) for selected CANTAB tests

Video game Control
N=10 N=10 -
Test | Outcome measure ( ) ( ) P
AM AM value
Median | IQR Median | IQR
(SD) (SD)
Percentage -3.65 -3.08
N -0.98 | 11.11 0.00 10.90 | 0.62
correct (7.03) (7.49)
MTS
Time to correct 3.24 2.12
3.26 7.42 2.40 528 | 0.65
response (s) (3.90) (3.98)
Percentage -0.42 1.67
. 0.01 13.54 2.08 21.88 | 0.97
correct (6.93) (11.82)
PRM
Speed response 0.33 0.11
0.24 0.46 0.16 0.61 0.36
(s) (0.39) (0.47)
Mean choices to 0.14 0.04
0.13 0.26 0.01 0.48 | 0.34
correct (0.16) (0.28)
OoTS
Time to correct 24.04 10.43
21.01 | 55.26 11.85 | 34.87 | 0.26
response (s) (28.01) (26.89)
Stage score ! -1.30 -0.50
-1.50 2.25 0.00 1.75 | 0.26
(max 11) (1.34) (1.96)
PAL
Total errors 2.70 0.40
2.00 4.50 0.50 550 | 0.14
(3.06) (3.50)
Total errors 3.40 -4.90
3.50 7.25 -3.00 | 13.00 ] 0.01*
(5.59) (7.02)
SWM
Time to complete 18.71 -10.32
25.41 | 37.23 -12.22 | 69.91 | 0.05*
(s) (21.69) (32.85)

T Cognitive improvements are shown in the negative direction

*p <0.05, s - second
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Group Effect

Means and standard deviation (SD) 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 (group effect). Change in scores were calculated
by subtractive post- from pre- intervention scores (T,-T,).

As shown in Table 12 and Figure 5-7, the Video game Group showed some
trends towards improvement in processing speed (the time response part of the test
outcomes) 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 (Table 11), but PAL and OTS tests outcomes
within the Video group shows significant level of improvement (p = 0.02 for both). Seven
out of 10 members (70%) in this group performed significantly better at problem-solving
by making fewer choices to get correct response and also equally 70% made fewer
errors in visual learning task. Also within the Video game group, the processing speeds
of the 4 tests: MTS, OTS, PRM and SWM were all better at significant level (p <0.05).

Table 13 summarized the within group score comparison for the control
participants. None of the outcomes was substantially difference between the pre- (T,)
and post- 6-week (T,), except in the SWM test. A worsening in working memory scores
(increase in number of errors) during the test was detected in seven members (70%) of

the control group (Table 13 and Figure 7).
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Table 12. Pre- and post-data: Video game group (Wilcoxon signed rank test)
Outcome
CANTAB Mean (SD) Mean (SD) p-
Test outcome Ranks | n
Test at T, atT, value
( T1-T2)
T,<T 1
Percentage 2
92.65 (8.31) 96.30 (5.78) T,>T 51012
correct’ SR
MTS T,=T, 4
Time to correct L<T |8
(s) 15.54 (5.13) 12.30 (3.08) T,>T, 21 0.04*
response (s =1 |o
Mean choices to <t |7
correct 1.35 (0.16) 1.21(0.20) T,>T, |2]0.02*
S
Time to correct 2
109.46 (39.96) 85.42 (33.76) T,>T, 31 0.04*
response (s) _
T,=T, 0
Stage score LT | .
(max 1) 5.90 (2.23) 7.20 (1.87) T,>T, |7]0.02
PAL T,=T, 2
T,<T, 8
Total errors 6.50 (4.12) 3.80 (1.87) T,>T, 110.02%
T,=T, 1
Percentage L<T |9
85.00 (9.46) 85.42 (7.92) T,>T 510.96
correct' S
PRM ? ; ? g
Speed response 2
(s) 2.64 (0.44) 2.31 (0.40) T,>T, 110.01*
T,=T, 0
T,<T, 7
Total errors 25.80 (7.69) 22.40 (7.93) T,>T, 11012
SWM 12 z p é
Time to complete 2
) 121.88 (23.42) | 103.17 (13.04) | T,>T, |2]0.04*
S
T,=T, 0
*p < 0.05

T Cognitive improvements are shown in the negative direction
(T, <T,) Negative Ranks, (T, > T,) Positive Ranks, (T, = T,) Ties




Table 13. Pre- and post-data: Control group (Wilcoxon signed rank test)
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Out
CANTAB Mean (SD) | Mean (SD) | —ocome p-
Test outcome Ranks | n
Test at T, atT, value
( T1_T2 )
T,<T, 3
Percentage correct’ 92.71 (8.39) 95.79 (5.76) T,>T, 410.27
T,=T 3
MTS T2 < T1 7
Time to correct 2
15.40 (3.19) 13.29 (3.60) T,>T, 310.11
response (s) _
T,=T, 0
Mean choices to LT [®
1.40 (0.27) 1.36 (0.24) T,>T, 310.67
correct
T,=T, 2
OTS
. T,<T, 7
Time to correct
108.94 (32.71) | 98.51(29.23) | T,>T, |3]0.17
response (s) _
T,=T, 0
Stage score L<T |2
; 4.30 (2.16) 4.80 (1.87) T,>T, |4]040
(max 11) _
T,=T, 4
PAL
T,<T, 5
Total errors 7.60 (4.14) 7.20 (2.86) T,>T, |4]0.91
T,=T, 1
T,<T, 5
Percentage correct’ 80.00 (8.52) 78.33 (13.86) T,>T, 410.68
T,=T, 1
PRM
T,<T, 7
Speed response (s) 2.89 (0.24) 2.78 (0.43) T,>T, [3]0.29
T,=T, 0
T,<T, 3
Total errors 20.50 (6.50) 25.40 (7.41) T,>T, 71 0.05*
T,=T, 0
SWM
T,<T, 3
Time to complete (s) | 118.21 (19.73) | 128.53 (22.73) | T,>T, |7 0.24
T,=T, 0
*p < 0.05

T Cognitive improvements are shown in the negative direction
(T, <T,) Negative Ranks, (T, > T,) Positive Ranks, (T, = T,) Ties




CHAPTER V

CONCLUSION, DISCUSSION AND RECOMMENDATION

CONCLUSION

The objective of this study was to explore the effect at 6 weeks of video game
training on cognitive functions in older adults with MCI. Four domains of cognitive
functions: 1) attention, 2) visual memory, 3) speed of processing, and 4) executive
functions (planning, visual learning and spatial working memory) were evaluated using a
computerized battery test, CANTAB.

The sample consisted of 20 older adults with MCI. The sample was divided into
two groups: the Video game Group received 6 weeks video game training bi-weekly and
comprised 10 participants with a mean age of 64.7 years (SD: 5.70). Control Group
consisted of 10 participants with an average age of 64.1 years (SD: 4.84). Cognitive
functions were assessed using computerized battery tests from the CANTAB (10
outcome measurements under 5 tests), pre and post training. Data were analyzed using
nonparametric Mann-Whitney-U tests for intervention effect between the 2 groups and
Wilcoxon Signed Ranks test for within group, pre-and post intervention (6 weeks)
comparisons.

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 11, 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.
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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 MClI, the executive functions, which include
working memory, new learning, problem-solving and planning, are part of the core
cognitive impairments in those MCI persons converting to AD [14, 36]. 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.

DISCUSSION

Attention and processing speed

The first cognitive function that this study was interested in is in the area of
attention and speed of processing. 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 should
perform better in visual attention domain and processing speed tasks, in this case, by
performing better on the MTS test and the processing speed outcomes which is the time
to complete each test (MTS, OTS, PRM and SWM). Based on the previous studies [22,
26], it was then hypothesized that there should be a difference in the performance
between the 2 groups post intervention. However, the finding in this research has yet
detected any effect in the outcomes in these 2 domains at 6 week post-training in older
adult with MCI and this could be due to several factors. First, the training term of our
study, it may not be enough time to see the effect. Second, there is also the question of

what speed variables represent in our case. As speed can be explained by multiple
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determinants, and thus some uncertainties still exist with respect to the interpretation of
this speed variable and more addition and variation in performance measures (eg.
accuracy, amplitude, synchronization, switching task) should be considered [37].
Third, it is possible that the subjects in this study might not yet be impaired in the
domain of the selected training, visual attention. The MCI participants in both groups
performed equally well at the baseline outcomes on the MTS test with approximately
92% accuracy and 15 seconds response time. As in previous research, the MclLaughlin
group suggested that MCl is not associated with declines in visual search efficacy [38]
and this is likely the case of the subjects in this study. Furthermore, researchers have
shown that the decline in visual search was greater for the patients with AD than the

patients with MCI [38, 39].

Executive Functions

Besides memory impairment, now with growing evidence, MCl is associated with
a reduction in executive functions [40]. Thus, the next cognitive function to evaluate was
the 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). The result in this study is in line with those of
Nouchi et al., who also observed the transfer effect of video game on to executive
functions [22]. The transfer effect observed is likely due to the result of the control
processes that are involved in similar brain regions. To play the speed-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 [9]. 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. This result is desirable

because transfer of the training experience to other cognitive domains is one of the keys
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in the research of cognitive training intervention. In addition, although most differences
between the intervention and control groups were not statistically significant, this study
observed a pattern in which the outcomes of the processing speed, visual learning and
problem-solving consistently favored the video game intervention. This is consistent
with other studies that video game training may not convey an immediate increased
performance on new tasks, but rather the true effect of video game playing may be to

enhance the ability to learn new tasks [41, 42].

Visual memory

MCl is typically characterized by impairment in memory, and thus the visual
memory task (PRM test) on CANTAB was selectively evaluated. The results showed that
speed-attention video game training had no general effect on the visual memory. The
absence of transfer to memory domain is not particularly surprising as it is consistent
with other studies that cognitive training program usually produced an immediate effect
on its corresponding cognitive ability [28, 30]. Also, the finding agrees with the
explanation given above on the control processes that are usually involved in similar
brain regions to see the effect. CANTAB PRM test which is designed to detect change
in medial temporal lobe function is less overlap the speed-attention training task in this

study compared to executive functions.

LIMITATION AND FUTURE DIRECTION

Strengths of this study include evaluation of a new, cognitive-specific training to
enhance cognitions in subjects with MCI, and the use of computer-based cognition test
in Thai older adults. The findings of this study support the feasibility and beneficial
effects of a video game training targeting attention and processing speed in Thai older
adults with MCI. The researcher chose video game as cognitive intervention tool
because there are more benefits than harm to the participants. With a body-controlled

game technology, there's little physical risk involved, and older adults and elderly find
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the game to be user-friendly, fun and challenge and make them engage through the
entire session. The researcher believes that the features of this video game will make a
valuable cognitive training tool for people in elderly home. The result in this study also
make it reasonable to encourage people to use cognitive training game and incorporate
the training as part of the lifestyle changes they might wish to undertake, especially in
older adult with MCI who are a vulnerable group with a high risk of developing dementia.

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, it is 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).

For future research, the dimensions of mood and emotion should be added on
the variable list. Depression and stress has been related to cognitive impairment and
playing video game which can be considered as part of leisure activity, may lead the
individual to positive emotional states such as self-esteem, social competence and
adequate mood, which in turn, lead to relaxation and stress reduction [6, 43, 44]. Thus,
there is a need to measure pre- to post training differences in factors such as anxiety,
depression, confidence and motivation as it could help answering that individual who
improved do so because of increased in training and not due to the temporary state of
mood change. Lastly, future research should also 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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