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Abstract 

    The purpose of the study was to find out the influence of different rest intervals with a moderate prior 

exercise on the cardio respiratory performance of 20 Physical Education students who were the members of 

different university teams. In order to gather the required data, a treadmill run was designed to raise the heart rate 

(HR) approximately to 140bpm which maintained for 2 minutes.  After the PE, the participantparticipants were 

rested for 30, 60, 90, and 120 seconds before starting a maximal run on a treadmill to exhaustion.  They also 

performed criterion task (CT) once without any prior exercise (PE). When analyzed, it was found that the 

performance following PE+30 seconds was significantly better than all other groups. 
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Introduction 

It is a common practice to do some prior exercise program usually known as ‘warming up’ before the 

commencement of any athletic program or competition which involve both aerobic and anaerobic energy release.  

Three ‘warm up’ hypothesis have been suggested in the past in order to provide a physiological rationale for 

‘prior exercise’ (PE).  Two of the main hypothesis refer to an increase in muscle and blood temperature caused 

by the PE.  The increase in temperature should improve muscular efficiency by decreasing muscle viscosity and 

facilitating aerobic energy release by causing a faster and more complete dissociation of oxygen from 

hemoglobin and myoglobin.  A third hypothesis makes no reference to temperature at all.  It suggests the PE  can 

serve to mobilize the oxygen transport system and thereby reduce the initial oxygen deficit which occurs during 

the circulatory adjustments to strenuous exercise.  Presumably, this would leave more of the limited anaerobic 

capacity available for the task later, thereby improving performance.  A recent study (1) which tested the 

mobilization hypothesis demonstrated that cardio respiratory(CR) endurance performance could be enhanced 

when preceded by PE   and a rest period of 30-60  seconds.  It also demonstrated that a PE  followed  by no rest 

resulted in performance similar to that performed  without any PE.  Since two studies (7, 8) found that a 

moderate PE followed by rest intervals of 2 and 3 minutes did not enhance performance, it seemed possible that 

the mobilization effect of a moderate PE would be lost within the 60-120  second range.  Therefore, this study 

compared performance following no PE and with performance following PE  and rest intervals of 30, 60, 90, and 

120 seconds. 

 

Methodology 

Participants 

A group of 20 physical education students from King Fahd university, Dhahran, Saudi Arabia were 

selected as participants. Age from 18 to 23 with a mean age of 21 whose height ranged from 165 to 178 with a 

mean of 173 cm.  Weight ranged from 62 to 83 with a mean weight of 70 kg.   All participants were specialized 

in the disciplines   Soccer,Volleyball, and Basketball.  In order to eliminate the effect of training, participants 

were not tested during their respective competitive seasons. Standardized Exercise Treadmills were used for 

conducting the test.  Speed and elevation were calibrated by the experimenter before each test. Heart Rate was 

measured by Biotachometer and resting HR was measured after sitting quietly for 15 minutes. 

There were five treatments; (1) no PE, (2) PE +30 seconds, (3) PE + 60 seconds rest (4) PE + 90 

seconds rest , and (5) PE + 120 seconds rest.  A repeated measures  design with each participant receiving tests 

under all treatments was used.  The independent variable was the time delay between the PE  and CT ( Criterion 

Task / actual event) , while the main dependent variable was the total time of the CT.  Another dependent 

variable was HR.  

Each participant reported to fitness laboratory in gym clothing .  Prior to all testing, each participant was 

given four practices of walk/run in treadmill.  A multi stage treadmill test to determine maximum HR and to 

establish workloads for PE and a CR endurance task was given to each participant. The initial work load was 2 

mph and 0% grade.  Every 2 minutes, the speed was increased by 1 mph until 5 mph was attained.  After this 

workload, the speed remained at 5 mph and the grade was increased by 2.5% during each successive 2 minute 
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period until the participant reached a self imposed maximum.  HR was recorded at 15 second intervals during 

each minute. After the test, the workload which elicited a HR of approximately 140 bpm was chosen as the target 

workload for the PE treatments. 

The PE consisted of a treadmill task designed to elicit a HR of approximately 140 bpm. Since the 

mobilization hypothesis refers to the value of starting a CT with almost all of the anaerobic capacity intact, the 

participant started the PE at a speed of 2.0 mph and 0% elevation.  Every minute thereafter the speed was 

increased by 1 mph until the target workload was reached.  After reaching this workload, each participant 

continued at that workload for 2 minutes. HR was recorded every 30 seconds during the PE.   At the end of PE, 

the participant stood on the treadmill for either 30 seconds, 60 seconds, 90 seconds or 120 seconds.  During this 

time, the equipment was prepared for the CT, HR was recorded every 30 seconds between the PE and CT.  in the 

‘no PE treatment’ the participant stood quietly on the treadmill for two minutes and HR was recorded every 30 

seconds.  

On the signal ’GO’, the participant started the CT.  The CT consisted of an all out bout of continuous 

running on the treadmill at 5 mph and the % grade previously found to elicit      95-100% of the max HR.  This 

percentage of max HR corresponds to the level at which max VO2 is ordinarily attained.  This intensity of 

exercise should ordinarily exhaust a participant in 4-6 minutes.  During the CT, HR  was monitored at 15 second 

intervals until the participant reached exhaustion.  CR endurance, the main dependent variable, was measured as 

the total time the participant was able to run before termination of the CT.  Time was recorded on a stop watch to 

the nearest 0.1 second.  After recovery was completed, the participant was scheduled for the succeeding week.  

An ANOVA   was conducted, using the mean total time to complete CT as the dependent variable.  A significant 

F ratio was obtained for PE.  Duncan’s range test was applied to the treatment means. 

 

Results  

The performance means following no PE, PE+30, PE+60, PE+ 90, and PE+120   were 365.9, 404.4, 

399.8, 348.8, and 363.8 respectively.  It was found that performance following PE+ 30 was significantly better 

than no PE, PE+ 90, and PE+120.  Although PE+60 just missed being significantly better than no PE, it was 

significantly better than PE+90.  These results demonstrate that performance was best following PE+ 30 seconds 

rest, while performance following no PE, PE+90, PE+120 tended to drop off.  The mean HR for each treatment 

at the end of each rest interval and the first 2 minutes and 30 seconds of the CT.  

   

Table 1.  Summary of the Latin Square Analysis of variance for the total time to complete the all out treadmill 

run. 

                                                           Table-I 

Source  df MS F 

squares 3 365,356.13  

Participants  16 74979.77  

Treatments  4 11,562.69 3.57* 

days 4 198.15 .06 

Squares by     

treatments 

12 4,424.68  

Square by days 12 2832.99  

Residual error 48 3243.08  

           Total  99   

 *Significant at .05 level. 

 

Discussion 

The PE was designed so that it would be relatively short and the workload gradually increased until a 

HR of approximately 140 bpm was obtained.  This HR was obtained at a mean of approximately 2 minutes and 

30 seconds with a range of 1 to 3 minutes.  The duration of the PE averaged 4 minutes and 45 seconds with a 

range of 3 to 5 minutes.  From the experiment it was clear that HR had dropped following so that only following 

the PE+30 and PE+60  treatments could the participantparticipants be considered to be substantially mobilized at 

the beginning of the CT. The data in this study support the hypothesis that preliminary exercise which mobilizes 

the oxygen-transport by raising the HR to about 140 bpm, when followed by a relatively short rest interval (30-

60 seconds) can be helpful in improving performance in a CR endurance event.  In order to explain why 

performance was best when preceded by the PE+30 treatment , it seems necessary to examine the physiological 

and metabolic responses that might have occurred during the PE+30 seconds rest.  Since this study measured HR 

and no study has measured other physiological and metabolic parameters during the PE, rest, and performance, 

reference will be made to studies that have examined metabolic and physiological changes in exercise similar to 

that utilized in this study.  The reason for the enhanced performance following the PE+30 treatment may be that 
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the gradually induced PE derived very little energy from the phosphagens and no or very little lactate 

accumulated during the PE.   

 

Table 2.  Summary of analysis of variance for HR  during the first two minutes and 30 seconds of the CT. 

SOURCE df MS F 

Trials  4 16,864.03 337.86* 

Treatments(A) 4 868.69 4.08* 

ParticipantParticipants  19 594.47  

A x S 76 213.16 10.92 

B x S 76 49.91 2.56 

Ax B 16 103.66 5.31* 

AB x S 304 19.53  

           Total 499   

                                                    Significant beyond 0.05 level 

 

Thus , the oxygen transport system probably was the predominant supplier of energy during the PE.  

During the 30 second rest, restoration of phosphagenwas probably occurring.  Since the intensity of the PE was 

very low, almost complete re synthesis of  Phosphagen occurred during the rest interval.  Thus a gradually 

induced PE followed by a 30 second rest may allow a participant to begin the CT with no lactate in the muscle 

and with most of their anaerobic capacity intact while still retaining a partial mobilization of the oxygen 

transport system.  The results of previous study support this rationale.  Although the results of this study are not 

so clear on the fact that a moderate PE followed by a 60 second rest interval can enhance subsequent CR  

endurance performance, a particular trend occurs  as mentioned earlier. The poorer performance following the 

longer rest intervals (90-120 seconds) suggest that the mobilization effect is lost in this period of time and 

supports the idea that the failure to demonstrate improved performance in other studies was due to the fact that 

they used rest intervals of 2-3 minutes.  Since 90 – 120 seconds rest probably permitted a complete 

replenishment  of the ATP and CP,  the return of HR to near resting levels may have been a critical factor 

influencing CR endurance performance.  
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