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ABSTRACT
Study Aim: Movement control systems are altered by the aging process. Numerous researches have explained the
changes that occur with aging, and many of those changes are related to central nervous system (CNS) effects. This
article evaluates the impact of age, the practice of regular physical activity, and the task complexity on decision-making
ability. Methods: 120 healthy male subjects volunteered to participate in this study. They included 60 young adults (i.e.,
30 sedentary and 30 active) (age: 24.35 ± 2.82 years), as well as 60 older adults (age: 66.42 ± 4.06 years) (i.e., 30 sedentary and 30 active). They performed two types of tasks (i.e., simple and complex) to measure reaction time (RT).
Subjects perceive visual stimuli through the computer screen. Results: Our results showed that older active subjects
have lower RT than older sedentary subjects (p < 0.05). However, no significant difference was observed in young
adults. Moreover, young adults had significantly lower RT than older subjects (p < 0.05). Besides, we observed a significant increase in the RT when task is complex compared to the simple task in all groups. In addition, active adults
have better RT regardless the complexity of the task (i.e., simple or complex). Conclusions: Physical activity improves
the decision making ability in older subjects.
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1. Introduction
Aging can be characterized by decrements in a variety of
cognitive processes [1,2]. In this context, numerous
studies related to anatomical and physiological degradation that occurs with aging have shown evidence of
age-related reduction in cerebral cortical volume [1-4],
and changes in white matter integrity in healthy older
adults [5,6]. However, several studies observed that cognitive performance is relatively stable with aging [7-9],
although some metrics of sensory performance (e.g.,
thresholds) degrade [10-13]. Dinse et al. [14] observed
that restoration of function in the aging population is
attainable due to the emergence of new processing
strategies, and they attributed this to brain plasticity being operational in the aging population. Recently, Greenwood [15] has hypothesised that with aging, although
there is significant evidence of both anatomical and
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physiological decline, there is no, or even negative, correlation with cognitive performance. Greenwood largely
attributed the undefined compensatory mechanism that
allows for maintenance of cortical information processing capacity to cortical plasticity [15,16].
However, the impact of aging is not the same for all
individuals, and some factors related to lifestyle could
modulate its effects (i.e., age, sexe, physical activity or
sedentarity). In this regard, physical activity is implicated
in maintaining and enhancing multiple aspects of psychological functioning, and many transversal studies
showed a positive relationship between physical activity
and cognitive functions [17]. Furthermore, physical activity is the most important factor that improves the
management of health and prevention of the negatives
effects of aging [18]. Also, some authors concluded that
physical practice is beneficial for improving cognitive
abilities [19,20]. Conversely, Emery et al. [21] showed
no significant effect of physical activity on cognitive
abilities of the elderly.
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jects are shown in Table 1.

Moreover, the majority of studies that showed a beneficial impact of physical activity have separately investigated categories of cognitive functions such as inductive
reasoning, attentional resources, reaction time, learning
or psychomotor function [22-26]. Hence, the goal of this
study was to examine the relationship between physical
activity and performances on a large panel of neuropsychological tests assessing the main categories of cognitive processes within one experiment.
Different studies have revealed beneficial effects of a
higher level of physical activity on some cognitive functions that are generally affected by aging. However, all
the main cognitive domains have not been generally examined in the same study. It is critical therefore to investtigate the differential sensibility of information processing capacity with age. Thus, the aim of this study was to
evaluate the impact of age, the practice of regular physical activity, and the task complexity on decision-making
ability. We hypothesized that decision-making is better
in older active than older sedentary adults and that older
athletes are not differentially affected by task complexity.

2.2. Evaluation of Physical Activity
Health, educational level and amount of physical activity
were evaluated on the basis of the answers to two valid
questionnaires. The first, “Modifiable Activity Questionnaire” (MAQ) [20], is used to measure the quantity of
physical activity of the past year. The values are expressed as average (hours/week). The second, “Historical Leisure Activity Questionnaire” (HLAQ) [20], estimates the
amount of regularly practiced activity throughout life.
Data collected from the MAQ and HLAQ questionnaires
regarding physical activity were presented in Table 1.
Scores of the two questionnaires were converted to Met’s
[27], following the limit of questionnaires used in this
study (i.e., the measure of Maximal oxygen consumption:
VO2max). The Met (“Metabolic Equivalent”) is equivalent to the corresponding metabolic oxygen consumption
per unit body mass at rest [28].

2.3. Experimental Design

2. Methods
2.1. Participants
120 healthy male subjects took part in this study after
giving their written informed consent. They included 60
young adults (i.e., 30 sedentary and 30 active) (age:
24.35 ± 2.82 years), as well as 60 older adults (age: 66.42
± 4.06 years) (i.e., 30 sedentary and 30 active). The study
was performed in accordance with Declaration of Helsinki and the experimental procedures were reviewed and
approved in advance by an institutional review board. A
survey about medication and medical history was filled
out by each subject before experimental tests to exclude
subjects with a history of neurological impairment. Subjects reported no sleep disorder, or any major health
problems (i.e., history of neurological or psychiatric illness, cancer, and cardiovascular disease), normal, or corrected-to-normal vision and hearing, and none of them
was taking any medication. Characteristics of the sub-

Before the beginning of the experimental protocol, subjects were familiarized with the procedures and tests involved in the study. During the experimental session,
they performed two types of tasks (i.e., simple and complex). Tasks consisted of 72 trials of simple tests interrupted by a pause, followed by 72 trials of complex tests.
Subjects perceived visual stimuli through the computer
screen.
Concerning simple task stimulus (S1), parameters are
specified by triplet alphabetic test (A, B, C… Y, Z) based
on specific protocols and subjects’ responses during
those protocols. The font is adopted in “Times New Roman”. (S1) appears in black on a white screen (computer
screen 15). Eye screen distance is approximately 46 cm.
At this distance, the character size is a vertical visual
angle of 1.49˚ and a horizontal visual angle of 1.04˚.
The complex task was characterized by an increase of
the complexity of the task by increasing the number of
items to compare. The stimulus (S2) is a quadrupled alphabetic character, instead of a triplet. The time allocated

Table 1. Characteristics of the subjects (Mean ± SD).
Young adults

Older adults

Sedentary

Active

Sedentary

Active

Age (years)

24.70 ± 2.47

23.75 ± 2.80

74.30 ± 4.46

69.90 ± 3.50

MAQ (h/week)

1.59 ± 1.36

7.05 ± 2.01

1.23 ± 0.85

7.35 ± 2.79

HLAQ (h/week)

3.59 ± 2.45

13.97 ± 4.33

3.10 ± 2.93

15.36 ± 6.77

MAQ MET’s (h/week)

8.36 ± 5.45

52.35 ± 13.05

5.47 ± 3.89

43.39 ± 23.89

HLAQ MET’s (h/week)

24.78 ± 2.86

103.94 ± 23.25

16.82 ± 14.38

88.76 ± 31.01
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to the response remains unchanged. The task consisted of
measuring the reaction time (RT) required by manual
response. The RT was used as an index of individuals’
motor performance. The test consisted of responding to a
visual stimulus during each task. The subject was instructed to press the left/right button when the correct
stimulus was perceived. There are two types of answers:
the letter “H” if the stimuli presented are identical and
the letter “V” if the stimuli presented are different. Each
trial began with the appearance of a fixation point (an
asterisk) in black for 500 ms from the centre of the
screen. To avoid the anticipated responses, a preparatory
period variable (blank screen) is introduced between the
fixation point and the stimulus, during which no response
is accepted. This preparatory period varies randomly
between 100 ms and 250 ms in 50 ms block. The TR below 200 ms and above 2000 ms are considered “error”
and are excluded from the analyzes of TR. Instructions
and stimuli were presented with a Pentium 4 PC, with
standard keyboards and E-prime software which recorded accuracy and response time. The stimulus disappears when a reply is given. Following the subject's response, feedback is displayed for 800 ms.

3

simple task in all groups (Figure 2).
Also, the analysis of variance revealed a significant
physical activity × complexity interaction (F(1116) = 4.30,
p < 0.05, 2 = 0.04). Active adults have better RT regardless the complexity of the task (i.e., simple or complex) (Figure 3).

4. Discussion
The aim of this study was to evaluate the impact of age,
the practice of regular physical activity, and the task
complexity on decision-making ability.
Our results showed that older active subjects have
lower RT than older sedentary subjects. However, no
significant difference was observed in young adults.
Moreover, young adults had significantly lower RT than
older subjects. Furthermore, we found a significant increase in the RT when task is complex compared to the
simple task in all groups. In addition, active adults have

2.4 Statistical Analyses
All statistical tests were processed using Statistica Software (StatSoft, Paris, France). Data are reported as mean
± SD (standard deviation). Reaction time data were analyzed using a three-way ANOVA (2(Age) × 2(Complexity) × 2(Physical activity)). When appropriate, significant differences between means were assessed using
the LSD post hoc test. The level of statistical significance
was set at p < 0.05.

3. Results
The analysis of variance revealed significant age (F(1116)
= 111.31; p < 0.05; ² = 0.49), physical activity (F(1116) =
24.39; p < 0.05; ² = 0.17), and complexity (F(1116) =
324.15; p < 0.05; ² = 0.74) effects. However, no significant age × complexity × physical activity interaction
was observed for RT.
The age × physical activity interaction for RT to making-decision was significant (F(1116) = 4.41; p < 0.05; ² =
0.04). The post hoc analysis showed that older active
subjects have lower RT than older sedentary subjects (p
< 0.05). However, no significant difference was observed
in young adults. Moreover, young adults had signifycantly lower RT than older subjects (p < 0.05) (Figure
1).
The analysis of variance revealed also a significant age
× complexity interaction for RT (F(1116) = 37.75, p < 0.05,
² = 0.25). The post hoc test showed a significant increase in the RT when task is complex compared to the
Copyright © 2013 SciRes.

Figure 1. Mean (±SD) reaction time (ms) for sedentary and
active young adults, and sedentary and active older adults
during decision-making.

Figure 2. Mean (±SD) reaction time (ms) for sedentary and
active young adults, and sedentary and active older adults
during decision-making.
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Figure 3. Mean (±SD) reaction time (ms) for sedentary and
active young adults, and sedentary and active older adults
during decision-making.

better RT regardless the complexity of the task (i.e., simple or complex).
Our results showed that older adults took more time
than young adults to respond to the stimulus during the
decision-making task. Our results are consistent with
several studies [29,30] that showed alteration in cognitive ability due to aging. Among many cognitive skills,
speed of information processing is considered to be especially prone to aging effects. Prior studies have shown
a significant increase in RT between 20 and 60 year olds
[17,31], and this is in line with the results obtained in this
study. Since many of these studies were performed with
older healthy subjects without signs of mild cognitive
impairment or dementia, the increase in RT might simply
represent the effects of normal aging on basic cognitive
function. In a number sequences task, Salthouse and Prill
[32] found that young subjects took less time to complete
the series. Moreover, the difference between the young
and the elderly increased with difficulty of the series.
Hence, we speculate that the increased mean RT could be
the result of both decreased nerve transmission speed
with age as well as the age-related decline in white matter integrity. Another possible explanation is that the reduction in time of practice of physical activity as a consequence of aging may affect the process of decision
making. In agreement, it has been demonstrated that
physical activity appears to be beneficial to aging since it
improves processing capacities, executive control, and
processing speed information as well as the decision
making [33,34].
Furthermore, our results showed that active subjects
have better RT compared to sedentary. This is consistent
with the findings of Spirduso [35] who compared the
performance of handball players (i.e., young and old) to
inactive or sedentary subjects during simple and choice
reaction time tasks. The decision time and production
Copyright © 2013 SciRes.

response were better in athletes than in sedentary. Similarly, active older adults had better cognitive performance compared to sedentary older adults. Our results are
in line with those of Spirduso [36] and Clarkson-Smith
and Hartley [17] that showed better performance in active older adults than sedentary (i.e., lower reaction time
on simple and choice tasks). This beneficial effect of
regular physical activity on the elderly goes against TOP
model developed by Stones and Kozma [37], which predicts that active subjects, regardless of age, are better
than their sedentary subjects on making decision. Also,
the moderator model [38] suggests that physical activity
plays an important role with aging. Consequently, physical activity would limit the impacts of natural aging on
cognitive functioning of individuals.
Aging individual is characterized by a decrease in the
efficiency and speed of cognitive processes. This decrease is even more important than the task at hand is
complex [38]. Thus, the inter-individual differences are
amplified by the increasing complexity of the decision
task. The effect of task complexity also appears to be
sensitive to these differences. These results are online
with those of Salthouse et al. [34] that conducted a major
research program studying the effects of aging on deductive reasoning. In this task, participants saw one to three
premises and a question. They were asked if the answer
was “yes” or “no”. The number of premises was manipulated to determine whether the effect of aging was
more important to more complex problems (i.e., more
than premises behaviour). Indeed, performance on more
complex problems is more affected by aging. The age ×
complexity interaction showed no effect of aging, while
for problems with two and especially three premises, the
number of problems solved correctly decreases with age
[39,40].
Regarding the age × complexity × inactivity interaction, our results showed no interaction with the decision-making task. Unlike the study Abourezk and Tool
[41], it seems that the complexity of the task may be an
important factor in determining the relationship between
physical activity and cognitive performance in elderly.
Moreover, our results were not been able to reveal this
larger effect of physical activity on complex tasks requiring expensive treatments sensible [42,43].

5. Conclusion
The reduction in decision making ability observed in this
study in older adults is ascribed to aging-related changes
in the underlying cognitive capacities. Also, physical
activity improves the decision making ability in older
subjects. Therefore, physical activity is beneficial for elderly. Furthermore, it would be pertinent to assess the impact of other potential moderating factors that could help
maintaining better cognitive capacities.
OJMP
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