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Abstract

This study examined the effects of 3 different acute exercise modes on sustained attention in elderly adults.
Twelve experienced male Tai Chi Chuan (TCC) practitioners were assigned to: TCC, coordination program and
ergometer cycling. Each exercise session lasted for 30 minutes. Before and after the exercise a 14 min Continues
Performance Test (CPT) was conducted to evaluate sustained attention. Results: After TCC a value for
attentiveness (Detectability) improved significantly with p=0.01. Decreasing commission mistakes (p=0.06) and hit
reaction time (p=0.09) showed a tendency for higher attention levels. Hit reaction time value (p=0.026) and hit
reaction time standard deviation (p=0.002) reduced significantly after the coordination session. Commission
mistakes decreased significantly (p=0.031) after ergometer cycling. These results demonstrate that each exercise
mode influences attention markers differently; Coordinative challenging exercises are more beneficial for attention;
TCC in specific for attentiveness and inhibition; and aerobic training for inhibition.
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Introduction
The recommendation from the American College of Sports

Medicine and the American Heart Association of 2007 as well as the
guidelines of 2010 evaluated many studies concerning health and
physical exercise and they come to the conclusion that the right
amount of physical activity is a key point to an active lifestyle [1,2]. But
an active healthy lifestyle does not only depend on one’s physical
fitness but it also depends on mental fitness. Aging is usually
accompanied by physical and mental decline, especially in the older
population (over 65). Cognitive ability is very important in daily life,
maybe more now than before since elderly people are still taking on
financial and social responsibilities [3].

This cognitive decline can be found in different areas including
information processing speed, reasoning and memory [4]. Cognition
describes the process of knowing and by definition refers to higher-
level functions of the brain. It includes aspects of mental processing
and is very important in our daily life. Attention is also included in
cognition and is one of the key-functions to higher cognitive processes,
as Zimmerman and Leclercq pointed out “… attentional processes are
fundamental to all cognitive skills.” (p.76). Thus, attention is crucial to
every area of our life. Its function is to interact during information
perception and processing with all other cognitive functions such as
memory, planning, reception and orientation [5]. The cognitive decline
also includes aspects of attention and some even hold age-related
decline in fields of attention, such as inhibition, responsible for
cognitive cutbacks [6,7].

It is generally believed and scientifically researched by the American
College of Sports Medicine that physical activity can reduce age related
declines; and cognitive declines [2,8]. In recent years adequate physical
activities for the older population were promoted and Tai Chi Chuan
(TCC) with its slow and thoughtful movements can be considered a
very suitable kind of exercise. TCC is also included in Chinese
medicine as a part of health promotion. Health attributed benefits for
TCC are improved balance, cardiovascular fitness, and psychological
and cognitive fitness [9-16]. Furthermore, Wei et al. have shown that
practicing TCC for long time influences the structure in the brain [17].

TCC training is coordinative challenging and cardiovascular
enhancing. Another study compared Tai Chi practitioners with older
adults who were involved in regular exercise and some who were not
[14]. They came to the conclusion that TCC practitioners had a better
attention and memory function than the group with or without regular
exercise. Assuming that TCC has an effect on attention, we wanted to
see if this effect was due to cardiovascular or coordinative stimulation.
Many research so far have focused on cardiovascular fitness and its
influence on cognition [18]. Recently, however, another study showed
that both endurance training (5 years) and TCC (5 years) improved
cognitive function using Task-Switching task and event-related
potential (ERP) recordings (a type of brain wave) [19].

Another research has shown a significantly better attention and
memory function with the TCC practitioners in comparison to the
regular exercising group and concluded that the cognitive effects might
not arise from an increased blood flow [14]. It seems that more
research is needed to explain these effects. One way might be to have a
closer look on the acute effects on exercise. So this research is
examining how an acute bout of a low intensity ergometer session
differs from an acute bout of TCC. The ergometer exercise focuses on
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cardiovascular fitness only while TCC includes aspects of cognition,
endurance and mindfulness.

Furthermore, a review done by Chang et al. pointed out that there
are other mechanisms than cardiovascular that account for a better
cognitive performance. Functional brain imaging data support the
assumption that physical and motor fitness differentially relate to
cognitive processes [12,20].

In a meta-regression analysis a small improvement in cognitive
function after acute bouts of exercise (Effect Size (ES) 0,20) was found
[18]. The ES, however, seemed to depend on exercise mode. For
example the importance of motor skills in terms of perceptual speed,
executive control and working memory was emphasized before [20].
Different studies point out that not only exercise intensity influence
cognitive function, but also how cognitively demanding the exercise is
[21,22]. Therefore we also included a coordinative challenging exercise
to evaluate the difference between TCC and a low intensity
coordinative exercise session.

Material and Methods
This study had a quantitative experimental design. Twelve subjects

were recruited from a TCC club in Taipei and one in Taichung.
Subjects had at least 2 years of Yang style TCC experience and were
between 65 and 77 years old. Subjects first had to fill out a health
history questionnaire, cognitive impairment questionnaire (Mini
Mental Sate Examination -MMSE), give information about training
dose and years of experience and give written consent. All subjects
underwent an ergometer fitness test prior to testing sessions in order to
evaluate the 2 mmol lactate threshold [23]. The World Health
Organization testing protocol was used starting with 25 Watt.
Workload on the ergometer was then increased by 25 Watt after two
minutes of cycling [24].

Subjects then underwent three different 30 minutes long exercise
sessions with pre and post evaluation of attention using the Conners’
Continues Performance Test (CPT). There was a one-week rest
between the exercise sessions and they were conducted in a
counterbalanced manner. The CPT measures a person's sustained and
selective attention and impulsivit. It surveys 3 dimensions of attention:
inattention, impulsivity and vigilance by obtaining scores on 12
separate variables (Table 1) [25].

On a 14 inch computer the subjects were asked to focus on the letter
which would be displayed on the screen in different inter-stimullus
intervals (1,2 or 4 seconds) and click the spacebar whenever a letter
appeared. The subjects, however, had to refrain from hitting the
spacebar when the letter X was presented. The CPT lasted for 14
minutes. The standard test consists of six blocks, which are divided
into three sub-blocks. 20 trials of target and non-target stimuli are
presented in each sub-block. The time between letter appearances
randomly changes from 1000 to 2000 or 4000 ms.

The exercise sessions were: TCC, ergometer cycling around the 2
mmol lactate threshold and a coordination session. All participants
performed a 66 movements long Yang style TCC form which is used
for competition around Taiwan and lasts for about 25 minutes. The
coordination session focused on balance, rhythm, eye-hand
coordination, arm-leg coordination and ability to differentiate.

SPSS 12.0 was used for assessment of group differences with p<0.05
and mean (±) SD, for the dependent t-test (before and after exercise
programs).

Variables Unit Details

Hit Reaction time (RT) Nearest millisecond Measure of impulsivity

Atypical fast RT

Measure of
inattentiveness

Very slow RT

Hit Reaction Time
Standard Error

SD variable reactions Measure of
inattentiveness

Consistency of response
time

Omission Non response to a target Measure of inattention

Commission Respond to a non-target Measure of inattention/
impulsivity

Attentiveness d‘ Discrimination between
target and non-targets

Measure of inattention/
impulsivity

Hit RT Block Change Change of RT over 5
time blocks

Measure of vigilance

Positive slope: slowing
RT

Negative slope: quicker
RT

Hit Standard Error Block
Change

Slope of change in
reaction time standard
errors over six time
blocks

Measure of vigilance

Positive slope: RT
became less consistent
as the test progressed

Negative slope: RT
became more consistent
as the test progressed

Variability of Standard
Error

Response speed
consistency

Perseverations Respond that occurs
less than 100 ms after
stimulus

Measure of impulsivity

Anticipatory responding

Response Style Indicator
(Beta)

Individual ’ s responds
tendency

Higher values than
average: cautious
response style, try to
avoid commission errors

Lower values than
average: more free
response style, trying to
response to most or all
targets

Reaction Time by Inter-
Stimulus Interval (ISI)

Change in average RT
over the different ISI (1,
2 or 4 seconds)

Positive slope: slowing of
RT as the time between
target increases

Negative slope: faster RT
as the time between
target increases

Standard Error by ISI Change in standard error
of RT over the different
ISI

Positive slope : more
erratic as the time
between target increases

Negative slope:
increased consistency as
the time between target
increased

Table 1: Continues Performance Test (CPT) Measures.
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Results
Twelve men (age m=69.4 ± 3.8 years) participated in this study. All

of the participants completed the MMSE test without showing any
impairment. The exercise modes were designed as aerobic exercises
around the 2 mmol lactate threshold. The average heart rates (HR)
during the three exercise programs were not significantly different
from each other (Table 2).

Subject TCC Coordination Bicycle 2 mmol HRT

(Ø bpm) (Ø bpm) (Ø bpm) (Ø bpm)

1 107 77 109 112

2 89 93 115 109

3 82 96 106 110

4 75 81 82 74

5 98 99 101 101

6 98 88 111 111

7 128 103 129 123

8 115 87 113 104

9 82 72 93 95

10 100 89 103 117

11 102 100 * *

12 82 91 87 86

Mean 97 90 104 104

SD 15 9 13 14

Notes.* Participant was not able to perform bicycle ergometer due to reduced
range of motion bpm (beat per minute)

Table 2: The average heart rate measured during the different exercises
and at the 2 mmol threshold (HRT) during the fitness test.

The CPT measures: Beta and Perseverations did not show any
deviation from the average and are therefore not further discussed. Hit
reaction time (RT) and hit RT standard error value decreased
significantly after the coordination (C) session with p=0.026 and
p=0.002 respectively. No significant differences between pre-test (R)
and post-test (E) were found for the bicycle (B) (p=0.592) session. The
TCC (T) session missed significance level with p=0.093 but showed a
tendency for better reaction time (Figures 1 and 2).

No significant changes were administered in the variability of
standard error value for TCC (p=0.618), or coordination (p=0.137).
Bicycle showed a tendency with p=0.069 towards an increase of
variability after intervention, but missed significance level (Figure 3
and Table 3). The changes in attentiveness (Detectability or d’) are
shown in Figure 4. Participants showed a significant improvement in
this value after TCC intervention p=0.01, while there was no change
after the other interventions (bicycle: p=0.13, coordination: p=0.11).
For the measurements of vigilance, hit RT block change and hit RT
block change standard error were administered, which showed no
significant changes (Table 3). Bicycle performance showed a tendency
with p=0.057, but missed significant level.
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Figure 1: Hit RT before and after intervention (p<0.05).
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Figure 2: Hit RT standard error before and after intervention
(p<0.05).
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Figure 3: Commission mistakes before and after intervention
(p<0.05).
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Figure 4: Detectability before (R) and after (E) intervention.

TCC Bike Coordination

Omission mistake

R (mean) 1,73 1,3 2,36

R (SD) 2,28 2,79 4,11

E (mean) 0,55 2,1 1,18

E (SD) 0,52 5,26 1,99

p-value 0,119 0,914 0,203

Hit RT block change

R (mean) 0.0142 0.0009 0.0076

R (SD) 0 0 0.01

E (mean) 0.0092 0 0.0049

E (SD) 0 0 0

p-value 0.235 0.16 0.53

Hit RT block change SD

R (mean) -0.0008 0,0027 -0,0075

R (SD) 0 0 0

E (mean) 0.0225 0,0455 0,006

E (SD) 0 0.1 0

p-value 0.235 0.167 0.53

Variability

R (mean) 6 4 6

R (SD) 3.9 2.6 3.7

E (mean) 6 6 4

E (SD) 2.9 3.4 2.1

p-value 0.618 0.069 0.137

Table 3: Change in attention markers before (R) and after (E) the 3
exercises.

Discussion
This research focused on attention and TCC in comparison to other

exercise modes. In the past, a positive relationship between cognitive
functions and TCC was found [26]. This study was a randomized
clinical trial with two training groups (Tai Chi and Western exercise
program). TCC participants significantly improved in the Backward
Digit Span Test. They interpreted their finding as an improvement of
attention, concentration, and mental tracking, whereas the other
training group did not show any significant changes in cognitive
functions. They concluded that because TCC is a special form of body
and mind training and concentration, it has a significant effect on
cognitive functions. Our results support their claim and show an
improvement of detectability, which is a measurement for
attentiveness, after all exercise programs, but only the increase after
TCC practice was significant (p=0.01). This shows that participant
could better discriminate between target and non-target, also shown in
the decrease of commission and omission mistakes. Therefore,
practitioners were more attentive after an acute bout of TCC.

Additionally, commission mistakes, which are a marker for
inhibition, showed a tendency (p=0.06) for improvement after TCC
practice. An improvement of inhibition was also found after an acute
bout of treadmill walking [27]. In this research the Eriksen Flanker
task was used to assess inhibition in young adults. In their study no
significant change in reaction time was measured after exercise. The
authors concluded that acute exercise enhanced accuracy or
controlling inhibition more than reaction time. Reaction time (RT) did
not improve significantly after TCC practice in our study with p=0.09.
However, older TCC practitioners did have a faster reaction time than
the control group in another study [28]. Since there was a tendency
towards better RT (p=0.09) in our study, it might be the small sample
size of TCC practitioners why significance level was missed.

It has been shown before that an acute bout of coordinative exercise
could enhance attention and concentration more than a non-specific
physical education lesson [22]. Here, in the coordination session
different bilateral coordinative abilities with different difficulties were
stressed. Since TCC also includes bilateral coordination abilities, which
need most attention during motor skill learning, but become automatic
movements after practicing for a long time, it is possible that TCC
when practiced as a novice would have similar effects on attention and
concentration as a coordinative demanding exercise session.

After a 30 min bicycle exercise, the commission mistakes decreased
significantly (p=0.031) in our subjects. Commission mistakes are a
marker for inhibition and together with hit reaction time, a marker for
attentiveness. However, the hit reaction time did not significantly
improve after ergometer session (p=0.59). The improvement of
reaction time seems to depend on exercise intensity [22,29,30]. In a
study by Córdova et al. the most significant improvements in response
time were administered for the group training at 90% of their
anaerobic threshold [30]. And a bicycle ergometer training at only 60%
of individual ’ s anaerobic threshold resulted in no cognitive
improvements. Therefore, one might argue that the low intensity
around (2 mmol lactate threshold) in this study might be the reason,
why no improvement of reaction time was measured.
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On the other hand the coordination session with a similar intensity
(see HR chart), showed a significant improvement in hit reaction time.
Our findings are in accordance with Pesce et al. and Budde et al., who
pointed out that not only exercise intensity, but also how cognitively
demanding the exercise is, have an influence on cognitive function
[21,22]. In contrast to other exercise programs, which might focus on
automatic motor movement, coordinative exercise programs have a
higher motor demand and thus a higher prefrontal cortex motor
activity [31]. Additionally to hit reaction time, hit reaction time SD
significantly decreased after the coordination exercise program. Both
measurements are a measure of inattentiveness. In other words, an
acute coordinative demanding/new 30 min exercise program seemed
to facilitate attentiveness. The assumption arises if the coordinative
demanding aspect in TCC facilitates cognitive functioning, which
would be even more vivid when working with novice. This could be an
interesting thought for further studies.

In conclusion our research showed that an acute bout of TCC had a
positive influence on inhibition (commission mistakes) and
inattention values (detectability and Hit RT). Although significant level
was only reached for the detectability values, the other values showed a
tendency. The other exercise programs on the other hand showed
different effects. An acute coordination program could improve
reaction time (hit RT and hit RT SD) significantly. The bicycle
program on the other hand could improve inhibition (commission
mistakes) but not inattention (variability) values, which became worse.
It seems that an acute bout of TCC as a special form of mindful
exercise can enhance attention in different ways than other exercise
programs. To sum up, it seems that TCC is a special kind of exercise,
which positively influences attention. From our study these positive
effects did not solemnly seem to rely on cardiovascular or coordinative
factor but must be evaluated further. A limitation to this study is the
small sample size.
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