
Abstract 
The purpose of this study is to examine how Tai Chi exercise will affect older adults' cognitive information processing. 
The participants involved in this study are 30 who have very low physical activity level (below 3200kcal/a week) among 
older adults 150 (aged 65-70, male and female) of the Y senior citizen center in D city. They were divided in two groups; 
the experimental group in which they performed Tai Chi exercise and the control group in which they didn't use a table 
of random number assigned wirelessly. Cognitive function was assessed by neuroelectrical response, and Event-Related 
Potential (ERP) at Fz, Cz, and Pz during an oddball task. In the results, The Tai Chi exercise group exhibited larger P300 
amplitude than the control group. The Tai Chi exercise group exhibited shorter P300 latency than the control group. The 
results of the analysis revealed that Tai Chi exercise may be beneficial aspects of cognition, particularly among older adults. 
It was concluded that long-term aerobic exercise like Tai Chi is associated with attenuation of cognitive decline in older 
adults
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1. Introduction

In recent years, the many researchers1,2 indicated that 
the preservation of mental and psychological health 
of older adults was directly related to successful old 
age and observed that the most of older adults showed 
a decline in their physical and cognitive function with 
increasing age. Therefore, it is essential for older adults 
to engage in active and positive physical activity and 
then lead to a positive life in order to delay the decline 
in physical and cognitive function3. Many researchers 
have therefore emphasized physical activity in older adult 
and asserted cognitive ability would increase in propor-
tion to more physical activity3–8. Furthermore, the other 
researchers also emphasized that participation in aerobic 
exercise may ameliorate or protect against declines in the 
brain9,10 and cognitive function11–14 associated with aging. 

Cognitive function includes learning, perception, reason-
ing, problem-solving and memory, which are impaired 
when growing older. In addition, when the function of the 
central nervous system doesn't work actively, this leads to 
problems in daily life or severe psychological disorders in 
older adults, and they also tend to be isolated3,15. However, 
whether physical activity in older adults has an impact on 
cognitive function in a real life has not enough proved yet. 
Recently, it has been suggested that Tai chi exercise, which 
older adults can easily perform whenever, wherever has 
a good influence on the entire body for older adults16–18. 

Tai chi is recommended as an appropriate activity for 
older adults due to its low or moderate intensity, its 
health benefits, its calm and non-competitive character, 
the fact that it does not require specific equipment and 
its enormous flexibility with regard to the time devoted 
to practice and the place where it can be performed19,20.
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Wang, Liu, Mimura, & Fujimoto21 also stated that Tai 
chi consists of graceful and slow movement as the tradi-
tional martial arts in China. It is a low intensity exercise 
focusing on promotion of health. It is not only interest-
ing due to pursuing a variety of modified movement, 
but also doesn't need any specific facility or apparatus.
Some studies22,23 have reported that Tai chi had benefi-
cial effects on psychological as well as on physiological 
function. Jin24 reported that the practice of Tai chi was 
helpful in decreasing tension, depression, anger, fatigue, 
confusion, anxiety. Brown et al25 have also concluded 
that Tai chi exercise was effective in promoting psycho-
logical benefits such as decreasing mood disturbance and 
improving general mood. Furthermore, other research-
ers22,26 suggested it can be very helpful to raise up the 
physical and mental stability and lower tension, stress, 
depression, anger, fatigue, disorder and the anxiety level. 
However, in spite of this the majority of studies on Tai 
chi exercise have focused on the physical benefits for the 
health of practitioners, devoting less attention to the psy-
chological aspects27. Of all the studies carried out on Tai 
chi exercise to analyze its psychological effects, the num-
ber devoted to cognitive variables is extremely small28.
Recently, Kim, Choi, & Kim5 have argued that Tai chi 
exercise has a positive impact on cognitive and physical 
function for older adults. However, there is no sufficient 
research that emphasizes the importance of exercise 
related to the improvement and maintenance of cogni-
tive function for older adults. Especially, there is very 
rare research that investigates the practical possibility of 
reducing a decrease in older adults' cognitive function 
through brain psychophysiologicalpsycho physiological 
approach. And it has not yet been proven enough on effect 
of Tai Chi exercise. Therefore, it is necessary to verify the 
effect of Tai Chi exercise that can be helpful to reduce 
the decrease in their cognitive function for older adults 
when they grow older. Recently psychologists have tried 
to study the change of cognitive function in human or 
mechanism related to it. They assume that engagement in 
exercise is related to older adults' brain information pro-
cessing or cognitive function introducing scientific and 
objective measurement tools such as EEG, ERP, fMRI, 
MEG that can sense undetected change in self reported 
questionnaire or behavior observation11,29,30. ERPs as a 
measure of neural activity appear to be a sensitive index 
of changes in cognition associated with aging31,32. proven 
to be a useful tool in characterizing age-related changes

in cognition exhibiting robust age-related reductions in 
amplitude and slowing of latency across multiple tasks 
and populations33,34. These P300 age-related changes may 
reflect deficits in the underlying processes such as degen-
eration of the functional cortical interconnection that 
occur with age35,36, resulting in a reduced ability to orient 
attention and suppress extraneous neuronal operations to 
facilitate attentional processing. The P300 amplitude is sen-
sitive to the allocation of attentional resources during task 
processing since P300 amplitude is larger when subjects 
devote more effort to a task leading to the proposal37. The 
P300 latency indexes stimulus classification speed, with 
longer latencies reflecting increased processing time38–40.
Previous studies using neuroelectric measures have 
begun to elucidate the mechanisms engaged by the bene-
ficial relationship between physical activity and cognitive 
health during aging41–44.Sedentary individuals demon-
strated slower P300 latencies and smaller amplitude at 
central and parietal scalp than highly active partici-
pants45. Hillman et al42 observed that older sedentary 
individuals exhibited the longest latency relative to older-
fit. Hillman, Kramer, Belopolsky, & Smith43 conducted a 
survey how physical activity will affect P300 component 
when older adults performed executive function task. As 
a result, the group doing physical activity is higher ampli-
tude than the group not doing in p300 and faster latency. 
More specifically, greater P300 amplitude43,45–47 and faster 
P300 latency42,43,45,48 were observed for high active older 
adults compared to low active older adults both during 
executive function task and non-executive functions. 
Similar findings have suggested a positive association 
between physical activity or aerobic fitness and cogni-
tive aging42,43,45. That is active old adults seem to be able to 
compensate age-related deficit, but low active old adults 
could not utilize compensatory mechanism. Reduced 
amplitude and slower latency in sedentary individu-
als may be related to age-related degeneration in brain 
structures. Given a neural inhibition genesis for P300, 
it is reasonable to suppose that aerobic fitness promotes 
an increased ability to inhibit neuronal activity unrelated 
to task performance, which would facilitate the stimulus 
evaluation to increase P300 amplitude and decrease its 
latency. Although P300 can be a very important indicator 
whether older adults have a cognitive disorder with aging, 
these studies are not enough to state the connection with 
physical activity and the decrease in cognitive function4. 
Therefore, it is very critical to see whether Tai Chi exercise
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can increase in p300 amplitude and can make faster in 
p300 latency and the speed of the specific information 
processing. It means the effect of exercise as a strategy for 
arbitration with aging can be measured more scientifically 
and objectively in terms of brain psychophysiological 
approach. Previous studies showed the effect of exercise 
on older adults' cognitive function based on behavior 
observation and self reported questionnaire, but this 
study has supplemented the limitation through brain psy-
chophysiological approach. It was hypothesized that age 
would be associated with reduced amplitude and longer 
latency for the P300 components as found previously. 
Therefore, the purpose of this study was to examine how 
Tai Chi exercise will affect older adults' cognitive infor-
mation processing.

2.1 Participants

2.2.1 The Measurement of Physical Activity Level

We used YPAS (Yale Physical Activity Survey) that is widely 
used to research a variety of activities such as housework, 
leisure and workout49. That is, it can calculate calories 
from the energy consumption during a variety of activities. 
It can be divided into 3 parts; Energy consumption index,

2. Method

The participants involved in this study are 30 who have 
very low physical activity level (below 3200 kcal/a week) 
among older adults 150 (aged 65-70, male and female) of 
the Y senior citizen center in D city. All participants pro-
vided written informed consent, in accordance with the 
institutional review board at University of K. Participants 
were free of neurological disorder, cardiovascular disease, 
any medications that influence central nervous system 
function. That they have over 24 points in MMSEK means 
they don't have any disorder in cognitive function. They 
had never experienced psychological and physiologi-
cal test and experiments in the brainwaves. They had no 
hearing problems and were all right-handed. They were 
divided in two groups; the experimental group in which 
they performed Tai Chi exercise and the control group 
in which they using a table of random number assigned 
wirelessly. Table 1 below shows the general traits of sub-
jects engaging in this study.

2.2 Device and Assignment

Total activity time index, Summary scores by sorts 
of activity. It was proved to very reliable and valid in 
one study on older adults by Young, Jee & Appel49.

2.2.2 The Measurement of Physical Activity Level

Participants engaged in a type of binaural auditory tasks: 
an Oddball task, which has been used to elicit the ERP 
components. In Oddball task, participants subjected to 
three blocks of 100 tonnes (80 common, 20 rare in each 
block). In oddball task, participants were asked to press a 
button when they heard the rare (target) tones and to count 
the number of rare tonnes they heard in each of the trials. 
Common tones were 1000Hz and rare tones were 2000Hz. 
Intensity of tones employed in both tasks was 80db. 
Tones were presented in the ear canal via a soft earplug 
insert. The inter-stimulus interval was set a 2.00 seconds.

2.2.3 The Measurement of EEG

EEG was recorded from three sites of the scalp corre-
sponding to Fz, Cz, and Pz of the International 10-20 
electrode placement system50, which were referenced to 
the right mastoid (A2) while Fpz served as the ground. 
All electrode impedances were below 5 kΩ. EEG was 
acquired at a sampling rate of 512 Hz and amplified 
20,000 times, while the eye channels was amplified 5,000 
times using Grass model 12A5 Neurodata Acquisition 
amplifiers with band-pass filter setting of 0.1-100 Hz (96-
db/octave). Continuous data were collected with QEEG-8 
(Laxtha Inc) software. Stimuli were generated using 
Telescan 2.9 (Laxtha Inc) software, which sent a trigger 
indicating the condition of each trial for offline sorting, 
reduction and analysis of EEG and behavioral data. EEG 
signal processing was conducted off-line with Telescan 
2.9 software. EEG was referenced by linear derivation 
to average mastoids. Ocular correction was performed 
and eye blinks were correction algorithm51. The time 
series data were epoched into 1000 msec segments, and 
baseline corrected based on a 100 msec pre stimulus 
interval. Any epoch containing amplitude greater than 
±75µV was removed with artifact rejection procedures. 
To exclude trials that are contaminated by artifact, each 
epoch was visually inspected and removed manually. 
The rare epoch for the oddball task was sorted accord-
ing to trial type. The oddball rare trial was then averaged 
in the time domain to yield two averaged time series
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Group

Age
(years)

Height
(cm)

Weight
(kg)

Physical activity level 
(kcal/a week)

M±SD M±SD M±SD M±SD

The experimental
group 65.37±1.42 167.81±1.28 66.89±3.44 3027.14±2.51

The control group 66.05±1.22 167.69±2.04 67.02±1.53 3060.56±1.79

Table 1. Mean and standard deviations for age, height, weight, and physical activity level of participants

with event-related potentials and then filtered with low-
pass filter setting of 10 Hz (24-db/octave). Waveforms 
were analyzed by peak picking with a latency window 
of 200-450 ms then the P300 amplitude and latency 
were saved as a data file for further statistical analysis.

2.3 Experiment Procedure

Upon arriving at the testing room, participants were 
briefed on the main objectives of the experiment. After 
hearing for the purpose of study, participants completed 
an informed consent, health history and demograph-
ics questionnaire52 to screen for any previous health 
issues that might be exacerbated by exercise. Then they 
also did Yale examines physical activity. After providing 
a brief overview of the testing procedures, participants 
were seated in a comfortable chair in front of a computer 
screen. The participants were then prepared for electro-
cortical measurement in accordance with the Society for 
Psychophysiological Research Guidelines53. A lycra elec-
trode cap (Electro-Cap International, Eaton, OH) was 
fitted to the participant's head and 3 electrode sites were 
prepared using Omni-prep and electrode gel. The EEG 
data collection was asked to open eye and inhibit vertical 
and horizontal eye movement by focusing fixation point 
(black cross with white background). After an acceptable 
EEG signal was observed, the participant was given the 
task instructions and a baseline EEG during eye open and 
eye close was recorded each for 2 minutes. Participants 
were given the opportunity to ask questions and 10 
practice trials were provided to ensure that the subject 
understands the task requirements. Each oddball task was 
administered in three blocks each with a brief rest period 
between blocks. Total three blocks were counterbalanced. 
After completion of EEG data collection, they performed

Tai Chi exercise each 50 minutes three days a week for 
12 weeks. The detailed workout of Tai chi is firstly to do 
warm-up for 10 minutes; Twirlling wrist, Body stretch, 
Neck exercise, Both shoulder exercises, Waist exercise, 
Lateral exercise, Squat thrust, Turning ankles and Muscle 
relaxation exercise. Then they did Tai Chi exercise for 
35 minutes. Finally, they took cool-down exercise for 5 
minutes; vertical movement, muscle relaxation exercise.

2.4 Statistical Analysis

The experimental design in this study used two-way 
ANOVAs with repeated measures of 2 (group) and 2 
(pre and post). There are two dependent variables; reac-
tion time and accuracy rate when doing oddball. In 
ERP analysis, this study also used three-way ANOVAs 
with repeated measures of 2 (group) and 3 (region) and 
2 (pre and post). There are two dependent variables; 
latency period and amplitude of P300. The level of sta-
tistical significance was at α=.05 and Turkey's HSD was 
used for post-experimental verification. All statistical 
analysis was performed by using SPSS 18.0 program.

3. Results

3.1 ERP Analysis

Behavioral performance is analyzed by dividing response 
to stimulation into accuracy rate and reaction time. 
The accuracy rate is calculated by forward reaction/
number of stimulation. Individual's reaction time takes 
an average of only forward reaction. Table 2 shows 
accuracy rate and reaction time to each condition.

3.1.1 Behavioral Measures
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Table 2. Mean and standard deviations for accuracy rate and reaction time by groups

There is no significant difference in group [F(1, 22)=1.39), 
p>.05)] but pre-post test [F(1, 22)=9.33), p<.01] and there 
is a significant difference in groups and interaction effect 
between the pre and post test [F(1, 22)=7.14), p<.05]. 
Figure 1 below shows that difference between measure-
ment points depends on the groups or difference between 
groups depends on measurement point.

As a result of the post test on difference between groups 
depending on measurement point, there is no signifi-
cant difference (p>.05) in the accuracy rate between the 
two groups, but the experimental group is higher than 
the control group (p<.05) in the post test. As a result of 
the post test on difference between measurement points 
depending on groups, there is a significant difference 
(p<.05) in the post test compared to the pre test in the 
experimental group whereas there is no significant dif-
ference in the pre and post test in the control group.

group factor

pre-test post-test

M±SD M±SD

The experimental
group accuracy 

rate
(%)

97.20±.68 98.47±.74

The control group 97.53±.52 97.67±.90

The experimental
group reaction 

time
(msec)

958.51±160.07 639.85±89.09

The control group 962.53±225.15 930.23±209.36

3.1.1.1 Accuracy Rate

Figure 1. Interaction effect of accuracy rate depending on the groups.

3.1.1.2 Reaction Time

As a result of reaction time, there is a significant differ-
ence between groups [F(1, 28)=7.08), p< .05] and the 
pre․post test [F (1, 28)=25.43, p<.001]. Also, there is a 
significant difference in groups and interaction effect 
between the pre and post test [F (1, 28)=16.93), p<.001]. 
Figure 2 indicates the difference between measurement 
points depends on the groups or difference between 
groups depends on measurement point.

As a result of the post test on difference between groups 
depending on measurement point, there is no signifi-
cant difference (p>.05) in reaction time between two 
groups in the pre test, but the experimental group is 
faster than the control group in reaction time (p<.001). 
As a result of the post test on difference between mea-
surement points depending on groups, reaction 
time in the post test is faster than that in the pre test 
(p<.001) whereas there is no significant difference 
between the pre and the post test in the control group.
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group type region
pre-test post-test

M±SD M±SD

The experimental
group

amplitude

Fz 6.83±1.20 12.07±1.98 

Cz 6.96±1.91 10.32±3.66 

Pz 7.14±3.38 8.49±3.27 

The control group

Fz 8.61±3.48 8.37±2.39 

Cz 6.52±2.07 6.51±1.89 

Pz 6.90±3.05 6.96±2.22 

The experimental
group

latency

Fz 353.54±30.23 311.96±8.76

Cz 348.28±33.16 309.44±8.92

Pz 341.56±34.76 330.85±27.86

The control group

Fz 332.09±26.74 337.55±25.93

Cz 336.64±35.35 339.69±25.21

Pz 338.34±33.13 352.89±31.39

Figure 2. Interaction effect of reaction time depending on the groups.

3.2 ERP Component Analysis

3.2.1 P300 Amplitude

As a result of analyzing the amplitude to P300, there 
is no main effect in group and region [F (2, 84) =.90, 
p>.05] but there is a main effect in group [F(1, 84)=9.74, 
p<.01], region [F(2, 84)=5.61, p<.01], and between the 
pre and the post and groups [F(1, 84)=21.97, p<.001] 
they interacted with each other. It was indicated 
that the difference between the measurement points 
can be changed by kinds of group or the difference 

between groups by the measurement point (Figure 3).
As a result of the post test on difference in groups 
depending on measurement point, there is no significant 
difference between two groups in the pre test, whereas 
the experimental group is higher than the control group 
(p<.05) in amplitude in the post test. As a result of the 
post test on difference between measurement points 
depending on the groups, the post test is faster than 
the pre test in the experimental group, whereas there 
is no significant difference between the pre test and 
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the post test in the control group. And there is no sig-
nificant difference between region and interaction effect 
between the pre and post test [F(2, 84)=2.08, p<.05].

Figure 3. Interaction effect of amplitude depending on the groups.

3.2.2 P300 Latency

As a result of analyzing latency period to P300, there is no 
interaction effect on group [F(1, 84)=2.09, p>.05], region 
[F(2, 84)=.26, p>.05], between region and the pre, post 
test [F(2, 84)=2.70, p>.05], among group, region and the 
pre, post test [F(2, 84)=.66, p>.05]. But there is an interac-
tion effect on among region [F(2, 84) =7.89, p<.01], group 
and the pre, post test [F(1, 84)=22.21, p<.001]. It was 
suggested that the difference between the measurement 
points can be changed by kinds of group or the difference 
between groups by the measurement point (Figure 4).

Figure 4. Interaction effect of latency depending on the group.

As shown in the Figure 4 below, as a result of the post test 
between two groups depending on measurement point 
there is no significant difference (p>.05) in latency period 
and the post test is shorter than the pre test (p<.001) in 
latency period. As a result of the post test on difference 
between measurement points depending on the groups in 
latency, the post is shorter than the pre test (p<.001) in 
the experimental group, whereas there is no significant

4. Discussion

The purpose of this study was to investigate how Tai 
Chi exercise will affect older adults' cognitive infor-
mation processing. As a result of reaction time while 
performing an assignment, there is a significant differ-
ence between two groups. It reveals that the experimental 
group (doing Tai Chi exercise) is significantly faster 
than the control group (not doing Tai Chi exercise).

As a result of accuracy rate, the experimental group is 
higher than the control group. The results are consistent 
with that of Hillman et al45 arguing that the experimen-
tal group doing aerobic exercise is significantly faster 
than the control group in reaction time. It is also con-
sistent with the earlier studies43,54,55 that increased 
physical activity improved accuracy rate. Hence it shows 
that improvement of cardiopulmonary function by 

difference between the pre and the post test in the control 
group.
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doing Tai Chi exercise can delay the decrease in cognitive 
function with aging though they are 60-80 aged. The result 
of analyzing P300 amplitude in ERP, the Tai Chi exercise 
group is significantly higher than the control group. It 
means doing Tai Chi exercise can affect older adults' cog-
nitive ability. Amplitude in p300 reflects nervous change 
to information related to assignment. When they paid 
attention more in proportion to the amount of attention 
resource, amplitude in p300 increased56. Bashore46 sup-
ported it by arguing that older adults with a high physical 
strength level have higher amplitude than those with a 
low physical strength level. Hillman et al42 also supported 
it that reported older adults with a high aerobic capac-
ity showed higher amplitude in p300 than those with a 
lower aerobic capacity. It is also consistent with the result 
of the study conducted by Hillman et al43. They stated 
that the physical exercise group had higher amplitude 
in p300 than the group that didn't any physical exercise.
As a result of the latency period in P300, Tai Chi exer-
cise group showed a significantly shorter latency period 
than the control group. The latency period indicates 
time for information processing when performing the 
assignment. So it means participants in the Tai Chi exer-
cise group have the ability to process information more 
quickly57,58. The results in this study supported Bashore46 
that older adults with a high strength level shower latency 
period shorter than those with a low period level just 
as a Tai Chi exercise group showed the latency period 
shorter than the control group. It is consistent with the 
result from Hillman et al43 asserting that a physical activ-
ity group showed a latency period more quickly than a 
non-physical activity group. Hillman et al42 backed up the 
result of this study arguing that a group with a high aero-
bic ability showed a latency period in p300 more quickly 
than one with a low aerobic ability. These results showed 
the importance of aerobic exercise in terms of the brain 
information processing. Especially they supported argu-
ment by Cotman & Berchtold59 and Swain et al60 that 
aerobic exercise can help the impaired cognitive func-
tion related to aging protect and improve the integration 
of the central nervous system and cognitive function. It 
can be verified that the improvement of aerobic ability 
by regular exercise can prevent cognitive and brain func-
tion for older adults from decreasing. After considering 
all the results, the steady aerobic exercise such as Tai 
Chi has a positive impact on older adults' cognitive abil-
ity. Especially when doing Tai Chi, they keep the lower

center of gravity making up a centripetal tendency and 
efferent contraction on the upper and lower limb muscle 
from various angles. These successive movements can 
enhance respiratory activity. This supported argument 
by Hall, Smith & Keels61 that aerobic exercise can derive 
improvement of cardiovascular function and increase 
blood flow rate in the brain leading to prevention for the 
decrease in cognitive function. It also backed up the ear-
lier studies48,62,63 revealing that proper physical activity can 
cause changes of brain function related to aging. It is very 
helpful for older adults to do Tai Chi exercise regularly for 
the sake of improving physical fitness for health and lead-
ing an independent life in an old age as aging can cause 
the decrease in stamina and physical function in par-
ticular in a daily life. For the further study, we can study 
how long-term aerobic exercise will affect mental health 
for older adults especially in terms of emotional aspect.
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