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Summary.- The influence of physical fitness and energy expenditure on a simple reaction time 
task performed during exercise was investigated. Two groups of 10 subjects were used, one 
was composed of trained middle-distance runners and one of students who had no regular 
physical training. The subjects performed a simple reaction time task while pedalling on a 
cycloergometer at different relative power output corresponding to 20, 40, 60, and 80% of 
their own maximal aerobic power and immediately after exercise. During exercise, the results 
showed a decrease in cognitive performance for both groups whereas no significant effect was 
found after exercise. A significant effect of physical fitness on simple reaction time was noted 
during exercise. The data are interpreted in terms of optimization of performance focusing 
particularly on the relations between energy cost of the physical task and attentional demand.  
 
 

In many sports, especially team or fighting sports, subjects have simultaneously to 
perform a mechanical task with a great physical exertion and a decisional task. Much research 
has been carried out on the influence of physical exercise on the efficiency of cognitive 
processes. To date results of all these studies have been highly in consistent. One major 
contributing factor has been the lack of consistency in the method chosen, for the demand of 
the cognitive tasks and the physiological requirements of the physical task (Tomporowski & 
Ellis, 1986) and for control of subjects' physical fitness (Brisswalter, Legros, & Delignières, 
1994). Moreover, the interpretations of the results are quite diverse. Positive or negative 
effects are explained by the action of an intermediate factor influenced by exercise. This 
intermediate factor has been variously related to general concepts such as activation (Davey, 
1973; Hogervorst, Ridel, Jeukendrup, & Jones, 1996; Salmela & Ndoye, 1986) or fatigue 
(Fleury, Bard, Jobin, & Carriere, 1981; Stull & Keamey, 1978; Tomporowski, Ellis, & 
Stephens, 1985).  
 

On the one hand, studies on cognitive processes and exercise have classically used the 
basic assumption that physical arousal associated with exercise leads to a narrowing of 
attentional focus (Cote, Salmela, & Papathanasopoulu, 1992; Isaacs & Pohlman, 1991; 
McMorris & Graydon, 1996; Salmela & Ndoye, 1986). Therefore, according to Easterbrook's 
(1959) cue utilization theory, a moderate exercise could improve performance whereas heavy 
exercise would lead to a decrease in cognitive performance. However, to date experimental 
results have not unequivocally supported this hypothesis. From one experiment to another an 
inverted-U relationship between exercise and cognitive performance has been shown (Levitt 
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& Gutin, 1971; Sal- mela & Ndoye, 1986; Sjoberg, 1968) or not observed (Cote, et al., 1992; 
Isaacs & Pohlman, 1991; McMorris & Graydon, 1996).  
 

On the other hand, some research has yielded more consistent results. During an 
imposed physical task when a simple decisional task was per- formed, a significant alteration 
in performance was observed (Brisswalter, Durand, Delignières, & Legros, 1995; Delignières, 
Brisswalter, & Legros, 1993; Isaacs & Pohlman, 1991; McMorris & Keen, 1994). For the 
imposed physical task, the result may be interpreted in terms of the allocation of attention 
during dual-task performance. Compared with rest, the dual task confronted the subjects with 
a principal physical task and an added cognitive task. It is assumed that, when the subjects 
give priority to the primary task, decreased performance on the secondary task may be a result 
of the higher attentional demand of the primary task (Abernethy, 1988; Girouard, Laurencelle, 
& Proteau, 1984; McLeod, 1980). Within this framework Brisswalter, et al. (1995) have 
recorded reaction time performance during different imposed pedal rates performed at the 
same power output. Results have shown a linear relationship between energetic cost, i.e., VO2 
uptake, and re- action time. The interpretation of these results suggest that during a dual-task 
performance a common zone of optimal demand exists for both energetic and cognitive 
systems.  
 

In this research sector it seems too early to expect methodological and theoretical 
unity. We believe that it is instead necessary to continue to accumulate results by varying the 
different experimental procedures and conditions. Therefore, the aim of this experiment was 
to observe and analyse the effect of different energetical constraints on a simple cognitive 
task. It was hypothesized that, if fit subjects are characterized by a lower energetic cost, i.e., 
an optimal constraint, of the physical task as compared with unfit subjects, then we would 
observe a differentiated effect of workload increase in simple reaction time in fit or unfit 
subjects.  
 

METHOD 
 

Subjects 
 

Twenty subjects, males, were involved in this experiment. They were divided in two 
groups. One was composed of 10 middle-distance runners (M age 23.3 +/- 1.5 yr.) who 
trained regularly (5 times per week) and were considered to have a high level of physical 
fitness. The second group was com- posed of 10 students of the university (M age 23.7 +/- 1.8 
yr.) who had no regular physical activity « 1 times per week). This latter group was 
considered to have poor physical fitness. Physical fitness was defined in relation to aero- hic 
capacity required during the physical task. All subjects were selected after a first 
determination of VO2max conducted on a cycloergometer. VO2max was assessed directly 
(CPX Medical Graphics), the power reached with VO2max was called Pmax and maximal 
heart rate was recorded. Mean VO2max was 64.1 +/- 2.3 ml. kg-l .min-1 for the first group and 
42.2 :t3.0 ml. kg-l .min-1 for the second group. The difference between groups was significant 
for VO2max and Pmax (p < .001) whereas no significant difference was found between mean 
maximal heart rates, respectively, 185 +/- 2 vs 189+/-7 bpm (p>.05).  

 
Apparatus 

 
The physical task was conducted on a cycloergometer Ergomeca. The workload was 

increased by increments in resistance strength while peda1ling frequency was fixed at 60 rpm 
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to be in accordance with physiological optimal rates reported in the experimental literature for 
noncyclists (e.g., Gregor, Ryan, & Brocker, 1991). The reaction time task was performed on a 
computer connected to two joysticks, held in the front of the ergometer handlebar 
(Delignières, Brisswalter, & Legros, 1994). The subjects placed their elbows on a support 
adjusted to their morphology. During all tests, the subjects were on the cydoergometer with 
the experimental apparatus. The stimulus appeared in the center of the screen (100 cm from 
their faces) and were separated by an irregular foreperiod varying from 3 to 5 sec. During the 
re- action time task subjects held the joystick and had to respond to the signal by a slight 
pressure on the appropriate joystick, i.e., right for a right-handed subject. Response times 
under 160 msec. were considered as anticipated responses and counted as errors.  
 

Procedure 
Subjects performed in a random order four submaximal tests lasting 10 min. and conducted 
over a 1-wk. period. After a 6-min. period of accommodation at a low resistance (2 kg), the 
workload for each stage was determined as a percentage of Pmax, respectively 20, 40, 60, and 
80%. For each workload, pedal frequency was fixed at 60 rpm and was continuously 
monitored (mean and variability). Subjects were instructed to maintain the imposed pedal rate 
strictly. The reaction time task was performed before each session, with 3 x 20 habituation 
trials, during the last 3 min. of each ride (20 trials), and 1 min. after exercise (20 trials). The 
last habituation trial used to record reaction time at rest. The physiological constraints of the 
physical task were assessed by using the energy cost of cycling (Brisswalter & Legros, 1995). 
From the VO2 values recorded during the last 3 min. for each workload the energy cost was 
calculated according to the following equation (di Prampero, 1986).  
 

C = (VO2 -VO2rest) .P-l, with C expressed in J .m-l. kg-l, VO2 in ml. kg-1 .min-l, and P 
in J .m-l. s-1. Heart rate was continuously monitored. Immediately after exercise a blood 
sample was withdrawn from the ear lobe to assess lactate concentration.  
 

Statistical Analysis 
 

All data are expressed as means +/- SDs. The effects of physical fitness and workload 
on reaction time and error rates were analyzed by a two (physical fitness) by five (workload) 
two-way analysis of variance, with repeated measures on the workload factor, including the 
resting condition. The effect of physical fitness on reaction time and error rates after exercise 
was analysed by a multivariate analysis of variance using data before and after exercise 
among an work loads. Error rates (expressed in %) were trans- formed using an arcsin 
transformation. The effects of physical fitness and workload on energy cost, lactate 
concentration and variation in pedal rate were analyzed by a two (physical fitness) by four 
(work load) two-way analysis of variance. Statistical significance was established at the level 
p < .05.  
 

RESULTS 
 

The results showed a significant main effect for physical fitness and an interaction of 
physical fitness and work load on energy cost of cycling, lactate concentration, and mean 
reaction times, whereas no effects were found for variation of pedal rate and reaction time 
errors or mean reaction times recorded after exercise.  
 

Energy Cost of Cycling and Lactate Concentration. The effect of work load on energy 
cost and lactate concentration is shown Table 1. For 20%and 40% Pmax, values for energy 
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cost were significantly higher in the untrained group than in the trained group. For this latter 
group a significant decrease in energy cost of cycling was observed between 20 and 40% 
Pmax (p < .05); then energy cost remains stable until 80% Pmax. For the untrained group, 
energy cost was stable during the two first work loads, then a significant decrease was 
recorded (p < .05). Further- more, for 60 and 80% Pmax, lactate concentration was 
significantly higher than 4 mmol. l-1 in the second group from 60 to 80% Pmax. For this 
group a significant correlation (r = .95) was found between the lactate concentration increase 
and decrease in energy cost indicating (from 60% Pmax) the use of anaerobic metabolism (di 
Prampero, 1986).  

 
Reaction Time. Error rates and mean values of variations in reaction times are reported 

in Table 2. The analysis of variance indicated no effect of work load on error rate for either 
group. The mean reaction time at rest was. significantly different depending on the level of 
physical fitness (195 +/- 8 msec. vs 220 +/- 10.9 msec., p < .05, respectively, for the first and 
the second groups). For both groups these mean times were significantly shorter than those 
obtained during the dual task whatever the work load (p < .005). The analysis of variance 
showed a significant effect of physical fitness (p < .01) and an interaction of physical fitness 
and work load on mean reaction time (p < .01). Among workloads, for the second group a 
Newman-Keuls test showed a significant decrease in performance at 20 and 80% Pmax as 
compared with performance obtained at 40 and 60 Pmax. For the first group, the Newman-
Keuls test showed identically a decrease in RT performance at 20% Pmax but a contrary 
stability of RT performance from 40 to 80% Pmax. After exercise no effects of work load or 
physical fitness were found. Error rates and mean reaction times remain stable as compared 
with the performances obtained at rest; however, a great interindividual variability in reaction 
time was record- ed after the 80% Pmax ride (range of variation for both populations (+8.1 vs 
-6.2%).  
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DISCUSSION 

 
The results confirm that during an imposed physical task, a negative ef- fect on the 

performance of a simple decisional task can be observed. This deterioration is consistent with 
previous results (e.g., Delignières, et al., 1993; Isaacs & Pohlman, 1991; McMorris & Keen, 
1994). Further, among work loads, this deterioration depends on the physical fitness of 
subjects. Using a dual task paradigm this decrease in cognitive performance could be 
attributed mainly to a variation in the attentional demand of the physical task. However, 
several theoretical and methodological factors have to be considered. On the one band, the use 
of a dual-task paradigm is only valid when the principal task is the pedalling one. In this 
study, for each work load, no significant variation in the imposed pedal rate was observed 
during the dual task in either group. The maximal variability in pedal rate was registered at 
20% Pmax (1.8 +/- 0.4 vs 2.1 +/- 0.8%, respectively, for the physical task alone and the dual 
task, p > .05). Therefore, the decreased performance during exercise could be related to a shift 
from a single reaction time task to the dual task of pedalling and reaction time (e.g., 
Abernethy, 1988; Girouard, et al., 1984).  
 

On the other hand, experimental literature does not fully support this dual-task 
explanation. ln a recent study, McMorris and Keen (1994) showed a deterioration in simple 
reaction time only for a maximal work load (100% Pmax) whereas no effect was observed at 
a moderate intensity (70% Pmax). In our study, when one examines results of fit and unfit 
subjects we have also observed a differentiated effect of work load increase on cognitive 
performance. After an important decrease in cognitive performance at 20% Pmax, we have 
recorded an improvement in cognitive performance in both groups from 40% Pmax, then for 
trained subjects performance levelled off whereas it decreased again in untrained group. 
When on examines arousal as the ration ale for exercise affecting cognitive performance, this 
differentiated effect of work load on performance could be related to a physical fitness ef-fect 
on arousal changes with exercise. Within this framework, a moderate in- crease in arousal 
would improve performance for both groups, i.e., from 40% Pmax. For unfit subjects, 
maximal exercise (80% Pmax) could lead to high arousal which would decrease performance 
whereas for fit subjects, due to a training effect, arousal remains moderate. The necessity of 
taking into account individual differences in physical fitness in such research has been 
claimed in their review by Tomporowski and Ellis (1986), and a physical fitness effect on 
arousal could be related to neurophysiological changes such as plasma cathecholamine levels 
after training (Galbo, 1992; Kjaer & Galbo, 1988). However, this theoretical assumption is 
based on rdations among exercise, emotional stress, and arousal which appear not yet clarified 
(Anderson, 1990; Martens, 1976; McMorris & Keen, 1994). Therefore, when the arousal 
explanation is made a posteriori, the lack of a concrete theory of the relationship between 
exercise and arousal remains a limiting factor in interpreting experimental data (Tomporowski 
& Ellis, 1986).  
 

Furthermore, if changes in arousal have to be considered, the main deterioration 
observed in this study from 20% Pmax could not be fully explained within this theoretical 
framework. A decrease in cognitive performance during a physical exercise is often supposed 
to be linked to a negative effect of fatigue on mental processes (Gutin & Di Genarro, 1968; 
Fleury & Bard, 1987). According to Tomporowski and Ellis (1986) previous research has 
provided divergent results: depending on the experiment, fatigue may have no effect, a 
negative effect, or a positive effect on performance (e.g., Fleury, Bard, Jobin, & Carriere, 
1981; Fleury & Bard, 1987; Hogervorst, et al., 1996). In this study the use of energy cost to 
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assess the energetic constraint of the task depends on the assumption that the exercise was 
strictly aerobic, in general, when intensity is lower than 85% VO2max (Brisswalter & Legros, 
1995). For the second group, a decrease in energy cost and a fast increase in lactate 
concentration above 4 mmol. 1-1 was found from 60 to 80% Pmax, indicating, for these 
workloads, a partially anaerobic exercise (Di Prampero, 1986). Thus, for this group, the 
energetical constraint of the cycling task was related above 60% Pmax to the lactate 
concentration values. Furthermore, a partial anaerobic solicitation means that exercise could 
lead subjects to exhaustion, therefore, for these intensities we have to consider an additive 
effect of fatigue on the reaction time performance. During exercise the real effect of fatigue 
on performance is difficult to identify, variation in performance could result as well from an 
increase of the attentional demand. However, when it is recorded immediately after exercise 
the cognitive performance can be related to a possible effect of fatigue. In our study, no 
significant effect was found immediately after exercise for either group whatever the exercise 
intensity. Therefore, we can make the assumption that the decreased performance observed in 
our study during exercise could mainly be related to an increase in attentional demand.  
 

In our study the effect of physical fitness on the decrease in reaction time during 
exercise seems to be in agreement with the suggestion made by Brisswalter et al. (1995), that 
a common zone exists for both energetic and cognitive systems. Within this framework, the 
adaptation should be seen as a function of the task constraints and the constraints of the 
performer (Newell, Kugler, Van Emmerick, & McDonald, 1989). When physical fitness is 
high, the physiological task constraints are minimal and the attentional demand associated 
with the control of movement decreases so the performance of the reaction time task can be 
optimized. For all work loads reaction time performance was poorer in the second group than 
in the first group. Further, this difference was enhanced when the difference in energetic 
constraints was higher, respectively, in both aerobic and anaerobic conditions for 20 and 80% 
Pmax. Therefore we can suppose that a relation exists between energetic constraints and 
attention al demand. Further work is necessary to validate this hypothesis.  
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