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Abstract 

This research aims at identifying the physical and functional responses associated to rope and stepping box exercises in 

students of the faculty of physical education. The basic study was conducted on a random sample of the second year 

students in the faculty of physical education for men, Alexandria University (N = 30). Sample was divided into two 

experimental groups, each consisting of 15 students. The experimental method was used and the suggested program was 

applied in ten weeks one of which was assigned to teaching the stepping and rope exercises, while the remaining 9 weeks 

were used in training. There were 36 training units in all given at the rate of 4 units per week. The main results of the 

study were: 1) superiority of the first experimental group, using the stepping box exercise program in physical variables 

(muscular strength, muscular endurance, agility and coordination); 2) superiority of the second experimental group, 

using the rope exercise program in speed and cardio-respiratory endurance variables (1500 m run); 3) there  are no 

significant differences between the two groups in cardio-respiratory endurance (800 m run); 4) superiority of the second 

experimental  group (rope exercises) over the first experimental group (stepping box exercises) in all functional 

variables, except for the respiratory exchange ratio (REP) variable where there are no significant differences. 

Accordingly, the following recommendations were made: 1) applying the 2 suggested exercise programs (stepping box 

and rope) to different sport activities in order to improve the physical and functional variables,  with a view to upgrading 

the performance level of athletes and reach top levels; 2) conducting further research using exercises tools according to 

standardized training programs to determine the efficiency thereof. 

Introduction:  

he standardized sports training and the related 

physical and skillful requirements are major 

factors in improving the physiological processes, 

leading to functional changes under the impact of 

systematic training loads. Training programs and loads are 

stimuli with determined aims that lead to upgrading the 

functional, physical and skillful levels thus reaching 

higher levels (5:71) (24:70) (8:17) 

The standardized training programs help improve the 

physical and functional level and develop the body 

systems, thus improving the motor activity and reaching 

high sport levels through the practice of physical exercises 

which are essential in enhancing the vital systems of the 

human body. (63:9) 

Certain physical abilities are very important in the 

specialized sport achievement. These include flexibility, 

explosive power, endurance, agility, coordination, balance 

and speed. These all work in an integrated manner to 

accurately complete the movement performed. (23:22) 

(59:15) (39:1) 

Both the sport achievement level and a player's mastering 

of motor performance are determined by his or her 

physiological ability. According to the latest trends in 

upgrading a player's physiological efficiency, training 

programs should be directed and focused in such a manner 

as to develop the level of energy fitness, because one of 

the major goals of physiological training is capitalizing the 

maximum potentials of aerobic and anaerobic energy 

production systems (20:2). The aim of the training process 

is to identify the best methods to upgrade the player's 

achievement level. (2:114). 

Practicing aerobic exercises improve lung efficiency and 

capacity and positively affect the heart and blood 

circulation through reducing heart rate during rest, 

expanding blood vessels and increasing their elasticity and 

increasing the heart's ability to pump more blood every 

minute. (3:12) (21:3,4) 

Jump ropes are one of the best tools used for improving 

internal systems, especially the respiratory system. They 

also help develop the jumping force, improve foot work 

and leg work, increase neuro-muscular coordination and 

master compound movements (63:432). 

T 
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There are four rope jumping motor skills: jumping. criss-

cross, shifting movements, such as running, jumping and 

jogging, and swing and wave movements. (63:433-441) 

(31:60-65). 

Rope exercises require a high degree of coordination 

which can be achieved by moving more than one part of 

the body at the same time and in different directions. They 

improve the cardio-respiratory endurance, strength, 

flexibility, agility speed, performance accuracy, feeling 

the motion and balance (19:196) (53: 277, 278). To avoid 

stress and fatigue when performing the rope jump exercise 

after a short time, a combination can be made of running, 

jumping, jogging, swinging and rope turns. (36: 202)  

The positive effect of stepping exercises is also obvious in 

improving the cardio-respiratory system fitness, the 

increase of heart and blood circulation output in order to 

save the effort exerted. (41: 137). There is a similar effect 

of stepping exercises combined with running exercises, as 

they improve the VO2 max. (61: 225). Such exercises 

throw high burdens both on the circulatory and respiratory 

systems and increase cardiac response more than can be 

done through training on the bicycle or the treadmill with 

loads equal intensities. (60: 167) 

Tracking the performance level of students doing their 

practical examinations, the authors of this paper noticed a 

remarkably low level of physical and functional 

performance as a result of fatigue and inability to 

continue. There were obvious differences between such 

students and distinguished students who practice different 

sport activities whether as members in the faculty teams 

participating in competitions held by Alexandria 

University or in Egyptian national teams. 

In the light of information given in the previous 

paragraphs concerning the importance of the rope and 

stepping box exercises, this study was undertaken with the 

aim of identifying and comparing their effect on 

improving some physical and functional variables in 

students of the faculty of physical education. 

 Objective of the research 

The research aims at identifying physical and functional 

responses associated to rope and stepping box exercises in 

students of the faculty of physical education. 

 Research hypotheses 

1- There are statistically significant differences 

between pre-measurements and post-

measurements in the first experimental group 

(stepping box exercises) in physical and 

functional variables favoring post-

measurements. 

2- There are statistically significant differences 

between pre-measurements and post-

measurements in the second experimental 

group (rope exercises) in physical and 

functional variables favoring post-

measurements. 

3- There is a variance between results of post-

measurements in the two research groups in 

physical and functional variables. 

 Research procedures 

The experimental method was used, being suitable to this 

type of research. 

 Human scope 

Research was conducted on a sample of the second year 

students in the faculty of physical education for men, 

Alexandria University. 

 Time scope 

Pilot studies were conducted in the period 28/9/2013 – 

3/10/2013. Pre-measurements were taken in the period 

5/10/2013 – 10/10/2013. The basic experiment was 

conducted in the period 19/10/2013 -26/12/2013. Post-

measurements were taken in the period 28/12/2013 – 

2/1/2014.  

 Geographical scope 

The gymnastics and exercises training hall in the faculty 

of physical education for men, Alexandria University; the 

physical effort physiology laboratory in the faculties of 

physical education for men and for girls, Alexandria 

University. 

 Research sample 

The basic study was conducted on a random sample of the 

second year students in the faculty of physical education 

for men, Alexandria University (N = 30). Sample was 

divided into two experimental groups, each made up of 15 

students. The pilot study was conducted on a non-random 

sample of 12 students. 6 of these were distinguished 

students who practice different sport activities as members 

in the faculty teams participating in competitions held by 

Alexandria University or in Egyptian national teams. The 

remaining 6 were non-distinguished students. 
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 Physical and physiological tests and measurements 

I. Physical tests 

1- broad jumping from standing test to measure 

muscle strength (11: 93) (25:399); 

2- 30 m sprint test (in seconds) to measure speed 

(25:292); 

3- Push-up from standing test (by number) to 

measure muscle endurance (11: 160) (25:313); 

4- 800 m run test (in minutes) to measure anaerobic 

endurance (16: 231), (33: 17); 

5- 1500 m run test (in minutes) to measure aerobic 

endurance (16: 231), (33: 17); 

6- Zigzag run test (in seconds) to measure agility 

(11: 244). 

7- Numbered circles test (in seconds) to measure 

coordination (25: 245).  

II. Physiological tests 

Measuring respiratory functions using ergospirometre (22) 

(Measurements in rest) 

1-Vital capacity (VC); 

2- Expiratory reserve volume (ERV); 

3- Inspiratory reserve volume (IRV); 

4- Tidal volume (TV); 

5- Inspiratory Capacity (IC); 

 (measurements in effort) 

1- VO2max; 

2- VO2 max/kg; 

3- VCO2 max; 

4- Respiratory exchange ratio (RER) ; 

5- Ventilation(VE) 

 Scientific coefficients: 

Table 1 

Differences between distinguished group and non-distinguished group to find validity factor in physical tests 

Statistical 

significance 

 

variables 

Distinguished group 

N=6 

Non-distinguished group 

N=6 
Difference 

between the 

two means 

T value 
Validity 

factor 
Mean 

Standard 

deviation ± 
mean 

Standard 

deviation ± 

Muscle 

strength 

broad jumping from 

standing (in cm.) 
442.625 .6..36 499.622 2.9.6 42.994 3.246**  9.56. 

Speed 30 m. sprint (in seconds) 6.494 9.96. 6.342 9.493 9.233 4.424**  9.6.6 

Muscle 

endurance 

Push-up from standing 

 (by number) 
26.246 6.5.2 66.446 4.569 .2.462 .4.229**  9.633 

Cardio-

respiratory 

endurance 

800 m. run (in minutes) 4.446 9.43. 6.465 9.924 9.242 5.966**  9.642 

1500 m. run (in minutes) 2.324 9.259 3.242 9.943 9.5.5 3.462**  9.552 

Agility Zigzag run (in seconds) .9..49 ..946 .4.643 4.994 4.523 .6.942**  9.636 

Coordination 
Numbered circles (in  

seconds 
3.445 9.25. 6.596 9.625 6.954 .9.456**  9.624 

** significant at the level 0.01 = 3.11  * significant at the level 0.05 = 2.20 

Table 1 (significance of the differences between 

distinguished group and non-distinguished group to find 

the validity factor in physical tests) shows significant 

differences between the two groups, favoring the 

distinguished group, with a calculated T value ranging 

between 6.295 and 13.075, which are significant values at 

the level 0.01. Validity factor also ranged between 0.885 

and 0.969, thus proving the discriminatory validity of 

variables. 
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Table 2 

Differences between first application and second application to find reliability factor in physical tests N = 12 

Statistical 

significance 

 

variables 

First application Second application 
Difference between 

the two means T 

value 

Reliabilit

y factor 
Mean 

Standard 

deviation ± 
Mean 

Standard 

deviation ± 
Mean 

Standard 

deviation ± 

Muscle 

strength 

broad jumping from 

standing (in cm.) 
4.4.623 .2.2.4 4.6.642 .4.9.2 9.246 49.4.3 9..96 9.563 

Speed 
30 m. sprint 

 (in seconds) 
6.229 9.452 6.262 9.424 9.993 9.465 9..26 9.555 

Muscle 

endurance 

Push-up from 

standing (by number) 
2..343 5.36. 2..334 5.645 9.963 3.56. 9.945 9.642 

Cardio-

respiratory 

endurance 

800 m. run  

(in minutes) 
6.9.9 9.623 6.93. 9.696 9.92. 9.466 9.563 9.666 

1500 m. run 

 (in minutes) 
3.933 9.263 3.946 9.224 9.9.6 9.224 9..44 9.695 

Agility 
Zigzag run 

 (in seconds) 
.2.925 2.462 .6.666 2.444 9...2 6...9 9..62 9.66. 

Coordination 
Numbered circles  

(in  seconds 
5.436 ..42. 5..43 ..492 9..26 ..225 9.252 9.623 

* significant at the level 0.05 = 2.18  

Table 2 (significance of the differences between first 

application and second application and coefficient of 

correlation between the two applications to find the 

reliability factor in physical tests) shows no significant 

differences between first application and second 

application, with a calculated T value ranging between 

0.028 and 0.896, which are insignificant values at the level 

0.05. Reliability factor also ranged between 0.888 and 

0.946, thus proving the reliability of variables, which 

would give the same results if re-applied to the same 

sample in the same circumstances. 

 Statistical treatments 

The SPSS program was used to find the following 

treatments: arithmetic mean – standard deviation – median 

– contortion coefficient – difference between the two 

means – T value – validity factor – coefficient of 

correlation – percentage of improvement – differences 

percentages. 

 Sample homogeneity 

Table 3 

Statistical description of the whole sample data in basic variables before experiment   N = 30 

Basic variables 

Statistical significance of the description 

Mean median Standard  deviation 
Coefficient of 

contortion 

Age (years) 184491 1845 44214 44419 

Height (cm) 1754419 175 24548 -44273  

Weight (kg) 724589 72 24388 44596 

Table 3 (homogeneity of sample data concerning the basic 

variables) shows that coefficients of contortion ranged 

between -0.273 and 0.596, indicating normalcy of 

measurements. Values of normal coefficients of contortion 

were 3, very close to zero, thus confirming homogeneity 

of sample subjects in the basic variables before 

experiment. 

 Equivalence of the two groups 

Equivalence of the two groups was found in the basic 

variables of age, height and weight and also in the 

physical and functional variables studied, as illustrated in 

tables 4, 5 and 6. 
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Table 4 

Differences between the first experimental group and the second experimental group in basic variables before the 

experiment 

Statistical 

significance 

 

variables 

First experimental group 

N = 15 

Second experimental group 

N = 15 
Difference 

between the 

two means 

T value 

Mean 
Standard 

deviation ± 
mean 

Standard 

deviation ± 

Age (years) 184466 44248 184515 44224 44449 44625 

Height (cm) 1744749 24496 1754289 24657 44544 44574 

Weight (kg) 724488 14721 724689 24972 44241 44226 

* significant at the level 0.05 = 2.05  

Table 4 (differences between the first experimental group 

and the second experimental group in basic variables 

before the experiment) shows that the calculated T value 

ranged between 0.226 and 0.625 which are insignificant at 

the level 0.05, thus indicating the absence of significant 

differences between the two groups and the equivalence of 

the two groups in the basic variables. 

Table 5 

Differences between the first experimental group and the second experimental group in  

physical variables before the experiment 

Statistical 

significance 

 
 

Variables 

First experimental  

Group N = 15 

Second experimental 

Group N = 15 Difference 

between the 
two means 

T value 

Mean 
Standard 

deviation ± 
Mean 

Standard 

deviation ± 

Muscle strength 
broad jumping from 

standing (in cm.) 
2424482 44866 2414444 44843 14438 44811 

Speed 30 m. sprint (in seconds) 34494 44118 34544 44449 44414 44343 

Muscle endurance 
Push-up from standing 

(by number) 
334914 24696 334543 34454 44447 44387 

Cardio-

respiratory 
endurance 

800 m. run (in minutes) 34347 44454 34343 44462 44443 44157 

1500 m. run (in minutes) 64458 44479 64459 44474 44441 44448 

Agility Zigzag run (in seconds) 184377 24457 184111 14888 44266 44369 

Coordination 
Numbered circles (in  

seconds 
94548 14147 144422 14454 44474 14184 

* significant at the level 0.05 = 2.05  

Table 5 (differences between the first experimental group 

and the second experimental group in physical variables 

before the experiment) shows that the calculated T value 

ranged between 0.048 and 1.180 which are insignificant at 

the level 0.05, thus indicating the absence of significant 

differences between the two groups and the equivalence of 

the two groups in the physical variables before the 

experiment. 

Table 6 

Differences between the first experimental group and the second experimental group in functional variables before the 

experiment 

Statistical 

significance 

 
 

Variables 

First experimental 

group N = 15 

Second experimental group 

N = 15 Difference 

between the 
two means 

T value 

Mean 
Standard 

deviation ± 
Mean 

Standard 

deviation ± 

In rest 

Vital capacity (VC) (liter) 44234 44292 44274 44341 44444 44447 

Expiratory reserve volume (ERV) 

(liter) 
14228 44143 14243 44493 44425 44745 

Inspiratory reserve volume (IRV) 

(liter) 
24688 44484 24715 44484 44427 44865 

Tidal volume (TV) (liter) 44595 44424 44598 44424 44443 44331 
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Statistical 
significance 

 

 
Variables 

First experimental 
group N = 15 

Second experimental group 
N = 15 Difference 

between the 

two means 

T value 

Mean 
Standard 

deviation ± 
Mean 

Standard 

deviation ± 

Inspiratory Capacity (IC) (liter) 34324 44489 34373 44486 44449 14544 

In 
effort 

VO2max (L/min) 34445 44143 24975 44141 44434 44581 

VO2 max (ml/minute//kg) 414885 14249 424123 14561 44238 44467 

VCO2 max (L/min) 24642 44261 24674 44234 44472 44795 

RER 44914 44444 44941 44435 44413 44921 

VE (L/min) 774233 44643 774657 24166 44425 44321 

* significant at the level 0.05 = 2.05 

Table 6 (differences between the first experimental group 

and the second experimental group in functional variables 

before the experiment) shows that the calculated T value 

ranged between 0.321 and 1.544 which are insignificant at 

the level 0.05, thus indicating the absence of significant 

differences between the two groups and the equivalence of 

the two groups in the functional variables. 

 Pilot studies 

The first pilot study was conducted with the aim of 

making sure that the physical tests are suitable for the 

sample subjects and that the tools used for measurement 

and program application are appropriate. 

The second pilot study was conducted with the aim of 

- setting performance rates and the different speeds and 

the best suitable heights of the stepping box in order to 

determine the load degree. Stepping rates were determined   

according to references used as illustrated in table 7. 

Table 7 

Performance rates and the different speeds 

variables Measuring unit Stepping rates 

Performance rate t/minute 26 28 34 32 34 36 

Speed rate Beat/minute 144 112 124 128 136 144 

(42:82) 

The training load can be advanced by controlling stepping 

rates (performance and speed) and the type of exercises 

used, while fixing the box height at 15 cm, so that it is 

used at the height of 10 cm for short persons, at 15 cm for 

beginners and at 20 cm for regularly trained persons. (15: 

30) (42: 82) (14: 97) 

- determining the exercise content for the stepping box and 

rope programs and measuring heart rates after  a 3 minute 

effort. Consequently, 16 exercises were assigned for the 

stepping box and 15 for the jumping rope. Heart rates 

were separately taken for each exercise. 

 Tools used in the experiment 

1- jumping ropes (N = 15) suitable for the sample 

subjects 

2- stepping boxes (N = 15) with a height of 15 cm 

3- stop watches 

 the basic study 

The study started by applying the program as follows: 

 the first experimental group was trained using the 

stepping box exercises 

 the second experimental group was trained using 

the rope exercises. 

 The suggested program 

Basics of the program 

 The changing load style was used, combining 

periodic training and continuous training for the 

anaerobic endurance training, the mixed training 

and the aerobic training. (42: 49-50), using heart 

beats as indicator to standardize the load. Load 

intensity was 70-85% of the maximum heart rate 

for aerobic training, 85-90% for mixed training 

and over 90% for anaerobic training. (54:104) 

(34:54) 
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 The Karvonen equation was used to determine the 

targeted heart rate, finding the pulse reserve as 

follows: 

                                    Required intensity  x  pulse reserve 

*Targeted heart rate =    -----------------------------------------

----  + rest pulse  

                                                          100 

*pulse reserve = maximum pulse  -  rest pulse 

*maximum pulse = 220 – age (7: 28) ( 44:322) (34 20) 

 Rest pulse rates were measured every three weeks 

to identify adaptability with the training load. 

 The load and rest principle was used as a rule for 

the training, taking into consideration the 

individual loads given according to a person's 

physical ability. (12:71) (25:101) (46:45). 

 Loads were increased gradually and in continuity. 

(30:44) (9:65) (2: 70) 

 The experiment was conducted for 10 weeks 

distributed as follows: 1 week for teaching the 

stepping and rope exercises and 9 weeks for 

training at the rate of 36 training units, 4 units per 

week. 

The first experimental group (the stepping box)  

 The average time for the training unit was 70-80 

minutes distributed as follows: 5 minutes for the 

warm-up activity; 60-70 minutes for the main part 

of the program (stepping box exercises) and 5 

minutes for the finishing. 

 Each training unit consisted of 6 exercises. 

 Duration of the exercise ranged between 60 and 

240 seconds. 

 Interval rest between groups ranged between 3 and 

6 minutes. 

 Interval rest between exercises ranged between 30 

and 120 minutes. 

 Stepping exercises groups ranged between 2 and 4 

groups. 

 Exercises were accompanied by music at speeds of 

104, 112, 120, 128, 136 and 144, played by a 

professional musician. 

The second experimental group (the jumping ropes)  

 The average time for the training unit was 60-90 

minutes distributed as follows: 5 minutes for the 

warm-up activity; 50-80 minutes for the main part 

of the program (stepping box exercises) and 5 

minutes for the finishing. 

 Each training unit consisted of 6 exercises. 

 Duration of the exercise ranged between 90 and 

180 seconds. 

 Interval rest between groups ranged between 3 and 

6 minutes. 

 Interval rest between exercises ranged between 45 

and 90 minutes. 

 Stepping exercises groups ranged between 2 and 4 

groups. 

 Result presentation and discussion after experiment 

Table 8 

Differences between pre-measurement and post-measurement of the first experimental  

group in physical variables N = 15 

Statistical 

significance 

 

 

variables 

Pre-measurement Pos-measurement 
Difference between 

the two means 

T value 

Im
p

r
o
v
e
m

e
n

t 
%

 

Mean 

S
ta

n
d

a
r
d

 

d
e
v
ia

ti
o
n

 ±
 

Mean 

S
ta

n
d

a
r
d

 

d
e
v
ia

ti
o
n

 ±
 

Mean 

S
ta

n
d

a
r
d

 

d
e
v
ia

ti
o
n

 ±
 

Muscle 

strength 

broad jumping from 

standing (in cm.) 
494.254 2.533 4.4.62. 6.322 .9.236 3..33 3.243*  2..49 

Speed 30 m. sprint (in seconds) 6.269 9...5 6.464 9.963 9..66 9...3 3.223*  2.229 

Muscle 

endurance 

Push-up from standing 

(by number) 
66.6.9 4.363 25.244 6.424 .2.2.. 2.9.2 ...494*  24.466 

Cardio-

respiratory 

endurance 

800 m. run (in minutes) 6.694 9.922 4.626 9.435 9.636 9.434 2.642*  .9.655 

1500 m. run (in minutes) 3.225 9.946 3.444 9.955 9.46. 9...5 4.3.4*  6.254 
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Statistical 

significance 

 

 

variables 

Pre-measurement Pos-measurement 
Difference between 

the two means 

T value 

Im
p

r
o
v
e
m

e
n

t 
%

 

Mean 

S
ta

n
d

a
r
d

 

d
e
v
ia

ti
o
n

 ±
 

Mean 

S
ta

n
d

a
r
d

 

d
e
v
ia

ti
o
n

 ±
 

Mean 

S
ta

n
d

a
r
d

 

d
e
v
ia

ti
o
n

 ±
 

Agility Zigzag run (in seconds) .5.644 4.924 .9.626 9.644 5.945 4.432 .6.464*  26.352 

Coordination 
Numbered circles (in  

seconds 
6.225 ...24 3.425 9.396 4.599 ..435 5.222*  46.642 

*significant at the level 0.05 = 2.14   

Table 8 (differences between pre-measurement and post-

measurement of the first experimental group in physical 

variables shows differences between the two 

measurements at the level 0.05 in all physical variable 

tests, with a T value ranging between 5.375 and 13.732, 

which are higher than the tabular T value at the level 0.05. 

Improvement percentages ranged between 3.582% and 

43.685%. 

The stepping exercises positively and strongly affect 

endurance, coordination, agility, flexibility, balance and 

speed. (18) (17). Besides, they have an effect on 

developing the neuro-muscular coordination and muscular 

endurance, thus increasing a person's physical fitness (60). 

Going up and down the stepping box is a physical exercise 

that can positively affect general physical fitness (12). 

Stepping exercises also improve the muscular tone (55) 

through regular training and the effect it has on different 

physical abilities (38). 

Table 9 

Differences between pre-measurement and post-measurement of the first experimental group 

 in functional variables N = 15 

Statistical  

significance 

 
 

variables 

Pre-measurement Pos-measurement 
Difference between the 

two means 

T value 

Im
p

ro
v

em
en

t 
%

 

Mean 

S
ta

n
d
ar

d
 

d
ev

ia
ti

o
n

 ±
 

Mean 

S
ta

n
d
ar

d
 

d
ev

ia
ti

o
n

 ±
 

Mean 
S

ta
n
d
ar

d
 

d
ev

ia
ti

o
n

 ±
 

In rest 

Vital capacity (VC) 

(liter) 
44234 44292 54247 44173 14417 44345 124916*  244435 

Expiratory reserve 
volume (ERV) (liter) 

14228 44143 14451 44453 44223 44131 64614*  184187 

Inspiratory reserve 

volume (IRV) (liter) 
24688 44484 34135 44125 44447 44134 134287*  164617 

Tidal volume (TV) 
(liter) 

44595 44424 44698 44414 44143 44423 164962*  174245 

Inspiratory Capacity 

(IC) (liter) 
34324 44489 34845 44141 44521 44165 124232*  154664 

In 

effort 

VO2max (L/min) 34445 44143 34542 44256 44497 44274 74118*  164526 

VO2 max (ml/min/kg) 414885 14249 494854 14714 74965 24493 124376*  194417 

VCO2 max (L/min) 24642 44261 34189 44133 44587 44259 84775*  224547 

RER 44914 44444 44838 44444 44476 44454 54857*  84315 

VE (L/min) 774233 44643 944168 54976 124935 74479 74477*  164749 

*significant at the level 0.05 = 2.14   

Table 9 (differences between pre-measurement and post-

measurement of the first experimental group in functional 

variables shows differences between the two 

measurements at the level 0.05 in all measurements, with a 

T value ranging between 5.857 and 16.962, which are 

higher than the tabular T value at the level 0.05. 

Improvement percentages ranged between 8.315% and 

24.035%. 

Sports training improve the work of respiratory muscles 

and the safety of respiratory paths (28: 53).endurance 

training in particular lead to an increase in the strength of 

respiratory muscles, thus improving respiratory functions. 

(13: 291). This is becomes obvious in lung function tests, 
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including the evaluation of respiratory exchange ratio and 

the mechanical functions of pulmonary tissues and air 

paths. The evaluation of the mechanical functions of the 

lungs is done by comparing the lung size, the air moving 

ratio and the strength of respiratory muscles. (8:27) 

Measuring oxygen consumption (VO2max) is used as an 

objective measurement of the functional fitness level and 

for identifying the effect of different training loads. Thus, 

a player's physical fitness can be determined according to 

his or her ability to consume, transfer and use oxygen in 

his or her muscles. VO2 can per se indicate the functional 

condition of both the circulatory and respiratory systems. 

(31: 28).  

Improvement is due to the muscles' ability to consume 

oxygen, as a sign of adaptability to the training load, and 

the improvement in muscle efficiency in consuming more 

oxygen through the increase in the number of 

mitochondria, the increase in the activity of aerobic 

oxidation enzymes and the increase in the surface area of 

blood cilia in muscular fibers, in addition to improving the 

efficiency of organs responsible for providing muscles 

with oxygen as a result of the increase in the efficiency of 

respiratory functions. 

Regular aerobic exercises improve the absolute VO2max, 

the VO2max/kg, the RER and the VE (amount of air 

moved in and out of the lungs) as a result of the 

improvement in lung functions, cardiac output and the 

difference between arterial and venous oxygen (45:115) 

(4:15) (32:20) (57:12) (43:94). 

Practicing sport, especially endurance exercises leads to an 

increase in the vital capacity because the player needs an 

amount of air from which he can take as much oxygen as 

possible so that oxygen volume is greater in the blood, 

thus leading to the strengthening of the chest muscles, 

increasing respiratory rate and depth in the circulation of 

the blood (22) (47) (16: 78) (50:202). 

Table 10 

Differences between pre-measurement and post-measurement of the second experimental group 

 in physical variables N = 15 

Statistical  

significance 
 

 

variables 

Pre-measurement Pos-measurement 
Difference between 

the two means 

T value 

Im
p

ro
v

em
en

t 
%

 

Mean 

S
ta

n
d
ar

d
 

d
ev

ia
ti

o
n

 

±
 

Mean 

S
ta

n
d
ar

d
 

d
ev

ia
ti

o
n

 

±
 

Mean 

S
ta

n
d
ar

d
 

d
ev

ia
ti

o
n

 

±
 

Muscle 

strength 

broad jumping from 

standing (in cm.) 
2414444 44843 2484622 44684 74578 64498 44813*  34769 

Speed 
30 m. sprint 

 (in seconds) 
34544 44449 34245 44479 44295 44466 174332*  84438 

Muscle 

endurance 

Push-up from 
standing (by 

number) 

334543 34454 414617 24274 84113 34874 84124*  244217 

Cardio-

respiratory 

endurance 

800 m. run  

(in minutes) 
34343 44462 24848 44274 44495 44296 64482*  144995 

1500 m. run 

 (in minutes) 
64459 44474 54581 44121 44878 44159 214323*  134593 

Agility 
Zigzag run 

 (in seconds) 
184111 14888 114947 44979 64164 24334 144244*  344432 

Coordination 
Numbered circles 

(in  seconds 
144422 14454 74535 44638 24487 44825 114669*  244812 

*significant at the level 0.05 = 2.14   

Table 10 (differences between pre-measurement and post-

measurement of the second experimental group in physical 

variables shows differences between the two 

measurements at the level 0.05 in all physical variable 

tests, with a T value ranging between 4.813 and 21.323, 

which are higher than the tabular T value at the level 0.05. 

Improvement percentages ranged between 3.769% and 

34.032%. 

Rope exercises upgrade the general level of a player's 

ability in sport activities in general and in exercises in 

particular. (37) through continuous and regular training 

which develop and enhance physical qualities. (56) (36) 

(63) (13). The improvement in all physical measurements 

is due to the effectiveness of the training program because 

rope exercises highly improve physical qualities and delay 

fatigue. (27) (49) (1) (37). 
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Table 11 

Differences between pre-measurement and post-measurement of the second experimental group 

 in functional variables N = 15 

Statistical  

significance 

 

 

 

variables 

Pre-measurement Pos-measurement 
Difference between 

the two means 

T value 

Im
p

r
o
v
e
m

e
n

t 

%
 

Mean 

S
ta

n
d

a
r
d

 

d
e
v
ia

ti
o
n

 

±
 

Mean 

S
ta

n
d

a
r
d

 

d
e
v
ia

ti
o
n

 

±
 

Mean 

S
ta

n
d

a
r
d

 

d
e
v
ia

ti
o
n

 

±
 

In rest 

Vital capacity (VC) (liter) 2.442 9.69. 2.699 9..64 ..343 9.442 45..23*  65.922 

Expiratory reserve volume 

(ERV) (liter) 
..496 9.966 ..223 9.934 9.626 9...6 ...4.4*  45.225 

Inspiratory reserve volume 

(IRV) (liter) 
4.4.2 9.952 6.342 9..99 9.639 9..29 42.5..*  62.636 

Tidal volume (TV) (liter) 9.265 9.942 9.44. 9.924 9..46 9.933 .9..29*  45.542 

Inspiratory Capacity (IC) (liter) 6.646 9.953 2.262 9.924 ..93. 9...9 64.29.*  6..226 

In 

effort 

VO2max (L/min) 4.642 9..2. 6.596 9..22 9.566 9.4.3 .2.644*  45.995 

VO2 max (ml/min/kg) 24..46 ..23. 24.225 ..524 .2.262 4.246 42...5*  63.322 

VCO2 max (L/min) 4.342 9.462 6.595 9.596 ...62 9.542 2.944*  24.295 

RER 9.69. 9.962 9.5.. 9.932 9..49 9.925 4.654*  .6.6.2 

VE (L/min) 44.324 4..33 .99.644 6.629 44.349 2..65 4..4.6*  46..64 

*significant at the level 0.05 = 2.14   

Table11 (differences between pre-measurement and post-

measurement of the second experimental group in 

functional variables shows differences between the two 

measurements at the level 0.05 in all measurements, with a 

T value ranging between 5.027 and 37.401, which are 

higher than the tabular T value at the level 0.05. 

Improvement percentages ranged between 13.314% and 

42.408%. 

The functional changes occurring as a  result of physical 

effort include a reduction in the speed of respiration 

(number of times). VE increases and improves through 

practicing exercises and changes  to the better before, 

during and after exercises. (35: 132). Reduction of the 

times of respiration moves the same amount of air before 

the exercise and increases the surface area of blood cilia 

thus increasing the respiratory exchange ratio. (26:60) 

(53:89, 90). It also improves endurance level in respiratory 

muscles (52:56) and increases volume of air respired 

inhaled in one cycle (TV). Resistance to air flow is also 

reduced thus making the respiratory exchange process 

easier (48: 114).  

Anaerobic exercises improve lung functions by increasing 

the strength and endurance of intercostal muscles, 

diaphragm muscles, improving the volume of respired air 

(TV), increasing the ability of the muscles to push the air 

out of the lungs, thus increasing the vital capacity. (26: 6, 

50). 

Compared to low-intensity training, the high intensity 

training improves the efficiency of the respiratory system 

faster. It also increases  endurance capacity, absolute 

VO2max, VO2max/kg and VE (29: 45) (40: 174) (58: 1). 

Table 12 

Differences between the first experimental group and the second experimental group 

in physical variables after the experiment 

Statistical 

significance 

 

 

Variables 

First experimental 

group 

N = 15 

Second experimental 

group 

N = 15 

D
if

fe
r
e
n

c
e
 

b
e
tw

e
e
n

 t
h

e
 

tw
o
 m

e
a
n

s 

T value 

S
ta

ti
st

ic
a
l 

si
g
n

if
ic

a
n

c
e
 

  

V
a
r
ia

b
le

s 

Mean 

Standard 

deviation 

± 

Mean 

Standard 

deviation 

± 

Muscle strength 
broad jumping from 

standing (in cm.) 
4.4.62. 6.322 495.344 2.359 2.646 4.546*  4.966 

Speed 
30 m. sprint (in 

seconds) 
6.464 9.963 6.492 9.946 9.964 2..49*  4.46. 

Muscle 

endurance 

Push-up from 

standing (by number) 
25.244 6.424 2..3.4 4.442 3.592 3.9.6*  .2.926 

Cardio-

respiratory 

800 m. run (in 

minutes) 
4.626 9.435 4.595 9.449 9..62 ..646 2.265 
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Statistical 

significance 

 

 

Variables 

First experimental 

group 

N = 15 

Second experimental 

group 

N = 15 

D
if

fe
r
e
n

c
e
 

b
e
tw

e
e
n

 t
h

e
 

tw
o
 m

e
a
n

s 

T value 

S
ta

ti
st

ic
a
l 

si
g
n

if
ic

a
n

c
e
 

  

V
a
r
ia

b
le

s 

Mean 

Standard 

deviation 

± 

Mean 

Standard 

deviation 

± 

endurance 1500 m. run (in 

minutes) 
3.444 9.955 2.25. 9..4. 9.322 .3.494*  .9.632 

Agility 
Zigzag run (in 

seconds) 
.9.626 9.644 ...624 9.646 ..266 2.254*  .2.224 

Coordination 
Numbered circles (in  

seconds 
3.425 9.396 4.262 9.365 9.454 6.244*  ...334 

* significant at the level 0.05 = 2.05  

Table 12 and graph 1 (differences between the first 

experimental group and the second experimental group in 

physical variables after the experiment) show:  

 significant differences between the two groups 

favoring the first experimental group in the tests of 

broad jumping from standing to measure muscle 

strength; push-up from standing to measure 

muscle endurance; zigzag run to measure agility; 

numbered circles to measure coordination. 

 significant differences between the two groups 

favoring the second experimental group in the tests 

of 30 m sprint to measure speed; 1500 m run to 

measure cardio-respiratory endurance. 

 no significant differences between the two groups 

in the 800 m run test ( to measure cardio-

respiratory endurance. 

The calculated T value ranged between 2.823 and 16.702, 

values which are significant at the level 0.05. Percentage 

differences between the two groups ranged between 

2.033% and 15.447%. Comparing the physical qualities in 

the two groups showed an improvement in the physical 

variables studied in both experimental groups. This is due 

to the nature of each program (stepping exercises and rope 

exercises) and the training style alternately using different 

intensities, which greatly improved the different physical 

abilities, a fact confirmed by other studies (4), (6) 

Figure 1 

The arithmetic mean of the two experimental groups in physical variables after experiment 
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Table 13 

Differences between the first experimental group and the second experimental group 

 in functional variables after the experiment 

Statistical 
significance 

 

 
Variables 

First experimental 

group 

N = 15 

Second 

experimental group 

N = 15 
Difference 

between the 

two means 

T value 

 

Statistical 

significance 
 

 

Variables 
Mean 

Standard 

deviation 

± 

Mean 

Standard 

deviation 

± 

In rest 

Vital capacity (VC) 
(liter) 

54247 44173 54944 44197 44653 94656*  124452 

Expiratory reserve 

volume (ERV) (liter) 
14451 44453 14546 44462 44495 44476*  64523 

Inspiratory reserve 

volume (IRV) (liter) 
34135 44125 34675 44144 44544 134436*  174227 

Tidal volume (TV) 

(liter) 
44698 44414 44771 44457 44473 44794*  144411 

Inspiratory Capacity (IC) 

(liter) 
34845 44141 44434 44452 44589 154165*  154329 

In 

effort 

VO2max (L/min) 34542 44256 34849 44145 44347 44441*  84757 

VO2 max (ml/min/kg) 494854 14714 574558 14842 74748 114864*  154462 

VCO2 max (L/min) 34189 44133 34848 44843 44619 24945*  194423 

RER 44838 44444 44811 44465 44427 14588 34222 

VE (L/min) 944168 54976 
144432

7 
34354 144159 54743*  114267 

* significant at the level 0.05 = 2.05  

Table 13 and graph 2 (differences between the first 

experimental group and the second experimental group in 

functional variables after the experiment) show significant 

differences between the two groups favoring the second 

experimental group at the level 0.05 in all measurements 

except for the respiratory exchange ratio (RER) where the 

T value was 1.588, which is insignificant at the level 0.05, 

with a percentage difference of 3.222%. the T value for 

the other measurements ranged between 2.945 and 15.165, 

values which are higher than the tabular T value at the 

level 0.05 . Percentage differences between the two groups 

ranged between 6.523% and 19.423%. 

Superiority of the second experimental group is due to the 

nature of the rope exercise program whose merits are 

noticeable if the program was well utilized. This, however, 

does not exclude the good effect of the stepping box 

exercises. 

Sports training has positive effects on improving 

respiratory functions (absoluteVO2max, relative 

VO2max/kg, VE, reducing the number of respirations 

necessary to move the same amount of air before training, 

increasing the surface area of blood cilia leading to an 

increase in RER processes (26:60) (53: 89, 90) (62:226). 

This was also confirmed by other studies (49) (4) (45). 

Regular training saves respiratory functions because the 

body of athletes need less oxygen when doing the same 

effort, compared to non-athletic persons (10:26) 

Respiratory functions improve by sports training with the 

increase in the volume of the air inhaled in one cycle 

(TV). Resistance to air flow is also reduced thus making 

the respiratory exchange process easier (48: 114).  

Endurance exercises also increase the strength of 

respiratory muscles, thus improving respiratory functions 

(13:291) (28:53). This in turn reduces the number of 

respirations (52:95) because physiological adaptations that 

occur as a result of train  

ing improve the efficiency of  oxygen carrying systems 

which improves endurance and saves energy when 

performing muscular work and helps maintain the physical 

performance as long as possible. This also improves the 

work of both the circulatory and respiratory systems as a 

result of regular training. (51: 85, 99). 

Authors of this paper believe that the stepping box and 

rope exercises program can effectively contribute to the 

development of the physical and functional abilities of a 

person.

Figure 2 

The arithmetic mean of the two experimental groups in functional variables after experiment 
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Conclusions 

1. Superiority of the first experimental group using the 

stepping box exercises in physical variables (muscle 

strength, muscle endurance, agility and coordination). 

2. Superiority of the second experimental group using 

the rope exercises in variables of speed, cardio-

respiratory endurance (1500 m. run). 

3. No significant differences between the two groups in 

the cardio-respiratory endurance (800 m. run). 

4. Superiority of the second experimental group (rope 

exercises) over first experimental group (stepping 

box exercises) in all functional measurements except 

for the respiratory exchange ratio (RER) where no 

differences existed between the two groups. 

Recommendations 

1. Applying the two suggested exercise programs using 

the stepping box and the rope indifferent sports 

activities to improve physical and functional 

variables and upgrade performance level thus 

reaching higher standards; 
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2. Conducting further studies using the exercise tools 

according to standardized training programs to 

identify their effectiveness. 
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