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Abstract

Objectives: Cognitive declines are common in older people and can be a major health issue in an aging world.
One type of body–mind exercises, t’ai chi, can be a possible means to help maintaining older adults’ cognitive
abilities, in addition to beneficial effects of physical exercises. The purpose of this study was to investigate
whether t’ai chi practitioners had better attention and memory functions than older people with or without
regular exercises.
Methods: A cross-sectional study examining the relationship between t’ai chi practice and age-, gender- and
education-similar older peoples’ attention and memory functions. Forty-two (42) community-dwelling elderly
subjects, aged 60 or older, recruited from t’ai chi clubs in Hong Kong formed the t’ai chi group. Another 49
elderly having regular exercise habits were recruited from community centers for inclusion in the exercise group.
A nonexercise group (normal healthy control) consisting of 44 subjects were also recruited by random selection
and through contacting local elderly centers. They were also screened by the Modified Barthel Index, Chinese
Mini-mental Status Examination, Geriatric Depression Scale, and evaluated by attention tests (Color Trail Form
A-1 and 2) and memory tests (including Rivermead Behavioral Memory Test and The Hong Kong List Learning
Test).
Results: The main finding was that the three groups differed in attention and memory functions, and the t’ai chi
group had demonstrated better performance than the other two groups in most subtests.
Conclusions: As a causal relationship cannot be assumed in the present cross-sectional study, future research is
required to examine how t’ai chi can improve cognitive function using a randomized control trial as well as
determining whether t’ai chi practice can lead to better health status among elderly people.

Introduction

Older adults are frequently encouraged to participate
in physical exercise due to the cumulative evidence in-

dicating physiologic benefits of exercise such as enhanced
cardiovascular function, physical stamina, muscle strength,1,2

improved well-being,3 and improved neuropsychologic or
cognitive performance.4 The potential for exercise-related
improvements in cognitive functioning is of particular interest
due to the increased prevalence of cognitive deficits among
older adults.5–8 Exercise-related improvements in cognitive
function have been well demonstrated.9 They are of particular
interest due to cognitive aging.10

While physical exercises are popular among older adults,
some of them tend to focus more on mind–body exercises
such as t’ai chi, which incorporates body with movement
(physical), breath, and attention training (mediation, focus-

ing on event generated internally or externally) and may
alleviate disease symptoms and maintain health.11 Recent
research reviews have summarized various therapeutic
effects of t’ai chi on older adults12,13 including cognitive
status.14

Although many researchers had reported that both phys-
ical and mind–body exercises could improve physical fitness,
few have actually compared their relative beneficial effects
on cognitive functions such as visualization, imagery,
attention, memory, and planning.14,15 Note that t’ai chi’s 108
forms are considered complex motor skill training, which
demand more attention and memory throughout its prac-
tice.15,16 The need for high-level balance control and some-
times fast reaction time during t’ai chi practice also require a
high degree of attention,17 which in turn could facilitate
further cognitive processing such as memory.18 The relaxa-
tion effect of t’ai chi19,20 may also play a part in promoting
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memory function. Yau and Packer’s qualitative study also
reported improved cognitive function, including memory,
concentration span, mental alertness, and ability in problem
solving.21 We therefore anticipated that repeated t’ai chi
practice may enhance specific cognitive functions (attention
and memory) in t’ai chi practitioners. The purpose of this
study was to compare the attention and memory function
among t’ai chi practitioners and older subjects similar in age,
gender, and education with or without regular exercises.

Methods

Study design and procedure

This study used a cross-sectional design. Ethical approval
was obtained from the Hong Kong Polytechnic University,
Department of Rehabilitation Sciences Ethical Committee.
Prior to assessment, informed consent was obtained indi-
vidually from the t’ai chi group (TCG), exercise group (EG),
and control group (CG). Independent and trained assessors
administered both the screening tests and evaluation in
cognitive functions for the three groups. All the assessors
were blinded for the participants’ group allocation.

Participants

Participants recruited for this study were aged 55 or above
and included both genders. They were independent in self-
care as assessed by the Modified Barthel Index,22,23 able to
communicate and follow simple verbal instructions, and
demonstrated emotional stability as indicated by the Geriatric
Depression Scale.24,25 Exclusion criteria included a history of
systematic cardiovascular diseases, poorly controlled hyper-
tension, stroke, Parkinson’s disease, severe dizziness, cancer,
cognitive problems as indicated by several instruments (see
Measurement session for details) such as the Chinese version
of the Mini-Mental Status Examination26 (cutoff score¼ 24 out
of 30), early stages of Alzheimer disease, or the use of psy-
choactive drugs. Elderly people pursuing regular mental ac-
tivities, such as playing mahjong, chess, bridge, and reading
for more than 30 minutes per session and 3 times per week,
for 1 year or longer were excluded.

Procedures

Fifty (50) community-dwelling older people, aged 60 or
older, were screened by staff member of t’ai chi clubs and
Hong Kong social centers for the elderly according to selec-
tion criteria listed in a questionnaire, and then randomly
selected from membership lists of the organizations. They
then formed the TCG. They had practiced t’ai chi (Ng style) at
least 3 times a week (for about 45 minutes per session) in-
dividually for 3 or more years, and were able to perform the
108 forms of t’ai chi by themselves. Among the 50 subjects,
only 42 had accomplished the full evaluation process. Simi-
larly, another 50 were screened by staff members from
community centers according to different selection criteria
and assigned to the exercise group (EG). They had no ex-
perience with t’ai chi, but had performed aerobic, flexibility,
and stretching exercises for 3 days per week, 45 minutes per
session, for at least 3 years. Thus, the frequency of exercise in
the EG subjects was considered similar to that of the TCG,
though not the length of practice. The exercises included
morning walks, flexibility exercises and stretching, or

swimming. They were repetitive and did not demand much
in attention and memory once learned. Participants in sports,
such as racket sports, cricket, or golf, which may involve a
certain amount of attention and cognitive function, were
excluded from joining the EG. Ultimately, 49 of the EG were
included in the final analysis as there was one dropout due
to a personal reason. A nonexercise group (normal healthy
control) consisting of 50 subjects was also recruited by ran-
dom selection through contacting staff members of local el-
derly centers. They were defined as an inactive elderly
group, having no regular exercise (such as morning walk) or
t’ai chi practice, but were independent in their activities of
daily living, and could communicate and complete simple
cognitive assessment procedures in the present study. Only
44 subjects were included in the data analysis as six of them
either did not complete the assessment procedures or with-
drew from the study due to health or personal reasons.

Screening tools include the following:

1. A 10-item Modified Barthel Index (MBI) with score
ranging from 0 to 100 was used to conduct the routine
assessment of 10 personal activities of daily living, such
as personal hygiene, bathing self, feeding, and toilet-
ing.22,23 Subjects showing dependence on others would
be excluded.

2. Chinese Version of Mini-Mental Status Examination
(CMMSE) was a commonly used measure of global
cognitive level. Subjects who scored below 24 (out of
30) were excluded from this study.26

3. Emotional stability was measured by the Geriatric
Depression Scale (GDS).24 It is a screening test for
depression. A shorter, translated Chinese form27 and a
cutoff point of 8 or below was used in the present study
to exclude those with clinically valid depressive
symptoms.

Primary outcome measures

These measures were used to compare the attention and
memory functions of elderly people among the TCG, EG,
and CG.

1. Attention elements
Typical tests of attention such as letter cancellation and
digit span (forward and backward) are not chosen in
the present study as they mainly focused on sustained
attention. They may not be able to test the additional
attentional functions such as selective attention and
mental flexibility, which are possibly related to t’ai chi
practice. Thus, Color Trails Test (CTT) Form A -Trail 1
and 2 was used in the present study.28 The CTT (1 and
2) have two subtests. CTT is designed as a culture-free
test and focuses on selective attention, mental flexibility,
visual–spatial skills and motor speed. CTT-1 requires
the individual to rapidly draw a line connecting circles
numbered 1–25 in consecutive order. CTT-2 requires the
respondent to rapidly draw a line between the num-
bered circle, maintaining the sequence of numbers, but
alternating between pink and yellow colors (i.e., 1-pink,
2-yellow, 3-pink, etc.). Color trail test scoring is a re-
verse code measure. In other words, shorter time
taken to finish the test means better performance in
attention.
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2. Memory function
a. Functional, everyday memory was assessed by the

Chinese version of the Rivermead Behavioral Memory
Test (RBMT-CV).29,30 The RBMT is a pencil-and-paper
test. It was developed to assess changes in everyday
memory and comprises 12 subcomponents, testing
features such as the capacity to memorize and recall a
new name, recognition of previously presented unfa-
miliar faces and pictures of objects, recalling a brief
prose passage immediately and after a delay, and the
immediate and delayed recall of a simple route.31 For
each subtest, two scores are produced: a simple pass/
fail or screening score, and a standardized profile
score. The screening score ranges from 0 to 12 and the
standardized profile score ranges from 0 to 24. The
screening score indicates a simple way of estimating
whether an individual is likely to have everyday
memory problems or not, while the profile score offers
a more sensitive measure of change such as after
intervention or over a period of time.

b. Verbal memory and memory processes were as-
sessed by the Hong Kong List Learning Test
(HKLLT).32 The HKLLT was designed to examine
the following variables: (1) rate of learning (acquisi-
tion); (2) rate of forgetting (retention); (3) encoding
versus retrieval deficits; (4) learning strategies in-
cluding: (a) semantic clustering, (b) subjective orga-
nization ability, (c) primacy versus recency effect,
and (d) concrete versus abstract concepts; (5) mem-
ory intervention including: (a) repetitive practices
and (b) external organization cues; (6) intrusion er-

rors; (7) preservation errors; and (8) vulnerability
to interference. The HKLLT consists of a randomly
presented word-list and also another word-list that is
presented in blocks, with the words that are seman-
tically related presented together. The list for the
random presentation condition consisted of 16 two-
character Chinese words, with four items from each
of four categories: furniture, vegetable (both are con-
crete objects); relative, and country (more abstract
nouns). The words were arranged randomly with the
condition that no two items from the same category
were presented consecutively. For the blocked con-
dition, there were another 16 two-character words.
Chinese words from four categories—clothing, flower
(concrete objects); music (e.g., folk songs and opera),
and occupation (more abstract nouns)—were orga-
nized into clusters based on the categories. The test
consisted of three immediate recall trials, two de-
layed recall trials (10 and 30 minutes), and one rec-
ognition task.

Results

Descriptive statistics were conducted to examine the de-
mographics and cognitive (attention and memory) perfor-
mance of each group (TCG, EG, and CG) on each of the
cognitive subtests. Analysis of variance (ANOVA) was used
to compare the group difference in different cognitive test
results such as CMMSE. To avoid possible type I errors due
to multiple comparisons, Bonferroni correction was used so
that all comparisons collectively had an a of 0.05.

Table 1. Demographic Characteristics of T’ai Chi (TCG), Exercise (EG), and Control Groups (CG)

TCG (n¼ 42) EG (n¼ 49) CG (n¼ 44)

Characteristics Number (percentage)

Age 68.9 (6.1, 55–81) 68.1 (7.5, 55–85) 68.2 (8.5, 55–90)
Gender

Male 20 (47.6%) 23 (46.9%) 21 (47.7%)
Female 22 (52.4%) 26 (54.1%) 23 (52.3%)

Educational level
Primary or below 27 (64.3%) 34 (69.4%) 24 (54.5%)
Above primary 15 (35.7%) 15 (30.5%) 20 (45.5%)

Working status
Employed 2 (4.8%) 1 (2%) 2 (4.5%)
Retired 40 (95.2%) 48 (98%) 42 (95.5%)

Living conditions
Alone 7 (16.7%) 1 (2%) 3 (6.8%)
With family 35 (82.3%) 48 (98%) 41 (93.2%)

Chronic illness
No 12 (28.6%) 15 (30.6%) 12 (27.3%)
Yes 30 (71.4%) 34 (69.4%) 32 (72.7%)

Medication
Taking medicine 20 (52.4%) 27 (55.1%) 27 (61.4%)
No need 22 (27.6%) 22 (44.9%) 17 (38.6%)

Mean (SD)

Length of practice (years) 7.8 (4.7) 11.0 (12.7)
CMMSE score (0–30) 28.8 (1.0) 28.3 (1.6) 28.2 (1.5)
GDS score (0–15) 6.9 (3.6) 6.6 (5.7) 6.8 (4.7)

CMMSE, Chinese Version of Mini-Mental Status Examination; GDS, short form of the Geriatric Depression Scale; SD, standard deviation.
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Descriptive statistics

Table 1 shows comparisons of demographic characteristics
among the three groups. No statistically significant differ-
ences were found in age, gender, educational level, CMMSE,
and GDS scores across the three groups by one-way ANO-
VA. In other words, the groups were comparable in nature.

The social and family backgrounds and health status were
also similar across the three groups. They were all fully in-
dependent in personal activities of daily living, as reflected
by achieving the maximum score of 100 in the MBI.

One-way ANOVA test was performed to compare signifi-
cant differences in attention and memory scores among the
three groups. Table 2 shows that the TCG had the highest
mean scores in most of the attention and memory subtests. The
differences were found to be statistically significant in sus-
tained and alternating attention as reflected by the CTT 1 and 2.
Memory scores, as measured by the RMBT (total standard
and screening scores) and HKLLT (acquisition, semantic
clustering, subjective organization–block condition; acquisi-
tion and retrieval–random condition), respectively, showed
selective differences among the three groups (Table 2).

The post hoc tests of ANOVA also showed that the TCG
had statistically significant better performance in 5 of the 12
HKLLT subtests than that of the EG and CG.). Table 3 shows

one of five positive results (as shown in Table 2) obtained
from the HKLLT, namely, Memory acquisition-blocked
condition (i.e., information was presented on three consec-
utive trials before subjects were asked to recall as much of
the given information as possible). It was found that t’ai chi
performed better in information acquisition (the encoding)
that the two other groups.

Discussion

In this study, we examined the relationship between
cognitive functions (attention and memory) and t’ai chi
practitioners, EG and CG similar in age, gender, and edu-
cation level in Hong Kong Chinese older adults. We found
that in comparison with the performance of an EG and a CG,
the TCG did better in attention (sustained and divided at-
tention) and memory tests (everyday memory function and
encoding, recall/organization of verbal information)
(Table 2). These findings provided more objective evidence
to support the suggestion by previous investigator that t’ai
chi could provide the mental training (heightened attention,
monitoring movement from memory, and self-initiated ac-
tion) and prerequisites such as anxiety reduction and relief
from depression,20 which may lead to better attention to
stimuli and information encoding and retrieval.18,33

Table 2. Analysis of Variance on Attention and Memory Test Scores among T’ai Chi (TCG),
Exercise (EG), and Control Groups (CG)

Tests (score range) Mean TCG, EG, CG Adjusted mean TCG, EG, CG F p

Color Trails 1a

Sustained attention (sec) 36.73, 36.37, 62.59 69.09, 80.65, 90.35 2.69 0.03*
Color Trails 2a

Divided attention (sec) 63.67, 88.86, 141.5 143.57, 169.30, 198.81 1.63 0.02*
RBMT

Total standard score (0–24) 3.56, 3.55, 3.74 19.07, 17.67, 17.15 3.49 0.03*
Total screening score (0–12) 2.32, 1.96, 2.29 8.56, 7.61, 7.54 3.19 0.04*

HKLLT learning trial (trials1þ2þ3)
Random (0–48) 7.05, 7.45, 7.58 28.13, 25.31, 23.60 5.43 0.005***
Blocked (0–48) 8.34, 8.37, 10.40 33.28, 28.52, 25.68 9.41 0.00***

HKLLT delayed recall (0–16)<BR/> (Trial 4–5 for
random condition; trial 5–7 for blocked conditions)
Short delay–random 1.66, 2.0, 1.84 1.16, 0.65, 0.64 1.1 0.34
Long delay–random 1.85, 1.85, 1.99 1.07, 0.46, 0.7 1.22 0.30
Short delay–blocked 1.68, 2.15, 2.33 1.13, 0.4, 0.16 2.49 0.09
Long delay–blocked 1.64, 2.36, 2.09 1.15, 0.36, 0.58 1.75 0.18

HKLLT retrieval (0–16): Difference between 30-min
delay and recognition task
Random 2.83, 2.38, 2.65 �3.37, �4.27, �4.02 1.46 0.24
Blocked 2.22, 2.7, 2.68 �1.91, �2.83, �3.37 4.12 0.018*

HKLLT semantic clustering score (0–12)
Random (in trial 3) 3.04, 3.04, 2.46 4.33, 3.74, 3.34 1.56 0.22

HKLLT Subjective organization (0–4)
Random (average of first score� trial 1 and 2
and second score� trials 2 and 3)

1.23, 1.69, 1.35 1.82, 1.81, 1.47 0.97 0.38

HKLLT semantic clustering score (0–12)
Blocked (in trial 3) 2.78, 3.12, 3.17 9.15, 7.29, 6.29 11.5 0.00***

HKLLT subjective organization (0–4)� blocked
(average of first score� trials 1 and 2 and second
score� trials 2 and 3)

2.27, 2.16, 1.97 4.19, 3.24, 2.56 8.16 0.00***

*p< 0.05, ***p< 0.001.
aReverse-coded measure for Color Trails tests.
RBMT, Rivermead Behavioral Memory Test; HKLLT, Hong Kong List Learning Test.
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Both the TCG and the EG performed better than the CG,
but the TCG performed even better than the EG in many
cognitive areas, such as in the acquisition subtest (Tables 2
and 3). The finding that both TCG and EG performed better
than the CG supported previous findings that exercises are
cognition enhancing9 among older adults, but t’ai chi prac-
titioners demonstrated even better cognitive performance
than the EG. This seems to be despite the length of practice
being longer in the EG (11 years) than in the TCG (7. 8 years).
Again, the possible explanation would be due to an addi-
tional effect of t’ai chi, as a body–mind exercise, in aug-
menting both cognitive stimulation and alleviation of
anxiety, apart from exercise-only benefits such as increase
blood flow in the brain.

The present study clearly had several limitations. It cannot
quantify the causal effects of t’ai chi on older adults’ cognitive
function, due to limitations of research design, participant
sample size, types of measurement, and statistical analysis.
CTT assesses both motor and attentional component
and may not be the best way to assess attention. One might
expect that t’ai chi practice would benefit the motor compo-
nent of this test as much or more than the attentional com-
ponent. Moreover, there can be other possible explanations,
in addition to the effects of t’ai chi on memory and atten-
tion. It may be that this group of people chose to do t’ai chi
because they have good memory and attention, and thus are
able to do it well. It is also possible that advocating the need
to memorize more complicated t’ai chi movements may deter
people who could benefit from some basic activity.

Despite such possibilities, it is evident that the possible use
of mind–body exercise (t’ai chi) in services may cater for
mind-enhancing needs of older adults who are facing normal
or pathological aging. The challenge of t’ai chi service im-
plementation may bring about mind-set, behavioral change
in older adults, practitioners, and service providers in the
long run. In addition, this study serves the purpose of ex-
ploratory function and can be viewed as forming a founda-
tion for large scale randomized controlled trial in future. Past
researchers have suggested that the cognitive benefits stem
from increased blood flow; the current work provides a po-
tentially different explanation for cognitive effects. This may
include additional emotional-loaded factors that are sup-
posed to work hand-in-hand with cognitive factors, and

possibly can improve self-efficacy or motivation when per-
forming t’ai chi.

Conclusions

Our findings in this cross-sectional study provides initial
evidence that t’ai chi practitioners had significantly better
attention and memory functions than the exercise group and
health control group similar in age, gender, educational and
emotional level. Older adults should be encouraged to take
up regular exercise, and mind–body exercise might have
additional benefits toward cognitive functions and may de-
lay decline due to normal or pathological aging such as
dementia. We were unable to examine possible causal rela-
tionships, and there is a need for a prospective study to be
conducted with a randomized, controlled trial design. Future
study along this line is recommended. Ways to standardize
the different forms of t’ai chi should be explored for basic
neuroscience research and to support t’ai chi in promoting an
increase in cognitive functions. Future study comparing t’ai
chi performance to a single form of different exercise is also
recommended.
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