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The purpose of this research was to study and compare the effects of using variable 

resistance weight machine on legs muscular explosive power development. The subjects 

were 40 voluntary male students of School of Sport Science, Chulalongkorn University. Who 

had basic strength capable of applying muscle strength against the variable resistance weight 

machine level 3 in leg press position between 1.5 - 2 times of their body weights. They were 

divided into 4 groups with 10 subjects in each group. The first group, the second group and 

the third group was trained by the variable resistance weight machine level 1, level 2, and 

level 3, respectively. The fourth group was trained by the variable resistance weight machine 

by all levels. Each group was trained 3 days a week for 8 weeks. The test of legs muscular 

explosive power was taken in 3 periods: before the test, 4 weeks after the test and 8 weeks 

after the test. The data were analyzed in terms of means, standard deviations, One-way 

Analysis of Variance, One-way Analysis of Variance with Repeated Measurement and Multiple 

Comparisons by the Tukey (a) method. 

After 8 weeks of experiment, the research results indicated that: 

1. All groups had legs muscular explosive power developed than before the 

experiment at the .05 level, significantly. 

2. The third group with the variable resistance weight machine level 3 had more legs 

muscular explosive power than the other groups at the .05 level, significantly. 

Department of Curriculum Instruction Educational Technology Student’s signature .

Field of study    Physical Education        Advisor’s signature                 .

Academic year  2005         Co-Advisor’s signature      - .



.

. .

.

. .

.

.

 2546 



........................................................................................................

...................................................................................................

.........................................................................................................

.........................................................................................................................

...............................................................................................................

.............................................................................................................

1 .......................................................................................................... 1

.................................................... 1

.......................................................................... 5

............................................................................. 6

................................................................................. 6

...................................................................................... 7

.................................................................... 7

.................................................................... 8

2 ...................................................................... 9

.................................... 9

........................................ 12

.................................................................. 31

...................................................... 32

............................................ 40

.............................................................. 44

........................................................... 48



3 ......................................................................................... 56

............................................................................................ 56

........................................................................... 57

................................................................................ 60

.............................................................................. 61

.................................................................................. 61

................................................................................... 62

4 ................................................................................... 64

5 ................................................ 85

........................................................................................ 85

............................................................................................. 87

............................................................................................ 91

............................................................................................................... 92

..................................................................................................................... 97

(Leg press)................................................. 98

...................................... 100

(1RM).. 102

....................................................... 104

................................................................... 107

............................................................. 109

....................................................... 112

............................................................................................... 115



1 % ............... 29

2  % 

...................................... 30

3

....................................................................................................... 38

4  1 – 4............................................................ 58

5  5 – 8............................................................ 59

6

 4 .............................................................................. 65

7

 4 ............................................................ 66

8

 4 ..................................................... 67

9

 4  4 ...................................... 68

10

 8  4 ...................................... 69

11

 8  4 

 (Tukey a)............................................................................ 70

12

 4   8 

 1 

 1............................................................................................................. 71

13

 1 

 1  (Tukey a)................................................ 72



14

 4   8 

 2 

 2............................................................................................................. 73

15

 2 

 2  (Tukey a)................................................ 74

16

 4   8 

 3 

 3............................................................................................................. 75

17

 3 

 3  (Tukey a)................................................ 76

18

 4   8 

 4 

 3 .......................................................................................................... 77

19

 4 

 3 (Tukey a)............................................... 78



1 ............................................................................ 63

2  1 

 1 

 4  8 .... 79

3  2 

 2 

 4  8 .... 80

4  3 

 3 

 4  8 .... 81

5  4 

 3 

 4  8 .... 82

6

 4  8 ................. 83

7

 4  8 

 4  8 ................. 84



  1 

 3  (Skill) 

(Physical fitness)  (Mental fitness) 

 (2546)  3 

  (2540)  1960 

 (Muscular strength) 

 (Muscular endurance)  (Circulatory endurance) 



 (Agility)  (Flexibility)  (Power)  (Speed) 

 (Balance)  (Co-ordination)  (Accuracy)  

 (Hoeger, 1989)  2 

 (Health-related physical fitness) 

 (Cardiovascular endurance) 

 (Muscular strength and endurance)  (Flexibility) 

 (Body composition)  (Agility) 

 (Balance)  (Neuromuscular 

coordination)  (Muscular power)  (Reaction time) 

(Speed)  (Skill-related physical 

fitness)  (2544) 

 (Explosive power) 

 ( , 2545)

 (2536) 

 (Horvat and Kalakain, 1996) 



 3 

(Radcliff and Farentions, 1985) 

  (Bloomfield, Ackland and Elliott, 1994) 

  (Dintiman, Ward and Tellez, 1997) 

 (Newton and Kraemar, 1994) 

�



 (Behm and Sale, 1993)

 50 

 (Resistant training) 

 20 

(Wilson, 1994) 

 (Explosive power) 

 (Drury and Steven, 2003) 

 3 

l



 (Strive, 2004) 

1.  1 

 2 

 3  3 

2.  1 

 2 

 3  3 

e



 1 

 2 

 3  3 

1.

 (Leg press) 

2.

 18-22  2548 

 40 

 3  (Leg press) 

 1.5 - 2 

3.  (Pre-test) 

 4  (Mid-test)  8   (Post-test) 

4.  8  3  16.00-

19.00 .

5.

5.1

5.1.1  1 

5.1.2  2 

5.1.3  3 

5.1.4

3  3  1  2 

5.2

5.2.1

5.2.2

h



5.2.3  18 – 22 

5.2.4

 3  (Leg press)  1.5 - 2 

5.3

5.3.1

1.

2.

3.

4.

 (The variable resistance weight machine) 

 3  1 

 2 

 3 

 (Cam) 

 3 

 (Leg press)

 90 

s



(Development)

 (Legs muscular explosive power) 

 90 

1.  1 

 2 

 3  3 

2.

3.

qt



  2 

1.

2.

3.

4.

5.

6.

1.

2.

 (Drury and Steven, 2003) 



 (Arm Curl) 

 (Biceps) 

 3 

1.  (Ascending) 

2.  (Descending) 

3.  (Bell shaped or Parabolic) 

 1970 

 3 

 (Cam) 

 (Cam) 

 3  1 

qu



 2 

 3 

(Cables)  (Cam) 

 3 

 1  2  3 

 3  1  1  2  2  3 

3

 (Strive, 2004) 

qq



 3 

1.

2.

3.

4.

5.

6.  3 

 (Weight training) 

 (Power training) 

 ( )

 (2527) 

 (Dumbbells) 

(Barbells)  (Swingbells)  (Multiple weight 

machines)

qk



 (Overload principle) 

 (Barbells) 

 (2535) 

 (2524) 

 (Power) 

 (Heyward, 1991) 

1.

-

-

-

-

q�



2.

-

-

-

3.

-

-

-

4.

-

-

-

-

-

 (Muscular strength) 

 (Bloomfield.et al, 1994) 

 (Thompson, 1991) 

 3 

 (Maximum strength) 

 (Elastic strength) 

ql















 80-90 % 

 (Berger, 1992) 

 (Rutherford et al., 1986) 

,  (Elliott, Wilson and Kerr, 1989) 

 (Bench press)  1 

 24 % 

 81% 1  52 % 

                     Power    =      Strength x Speed 

 (2544) 

1.

 (Hakkinen, Komi and Alen, 1985) 

kq



 2.  

3.

4. -

 (Schmidt Gollhofer and Frick, 1988) 

1.

 3-4 

2.

3-10

 3-10 

 30 - 40% 

3.

kk



4.

1.

 2. 

1.  30 % 

2.

 30 % 

 (Free weights) 

k�



 (Traditional strength training) 

 (Berger, 1962)  80 - 90 % 

 4 - 8 

 (Schmidtbleicher, 1988) 

 (Size theory of motor unit recruitment) 

 (Rutherford et al., 1986) 

 (Behm 

and Sale, 1993) 

 (Schoenfeld, 2000) 

kl



 (Ebben and Watt, 1998) 

 (Chu, 1992) 

 (Allerheiligen, 1994)  (Wathen, 1993) 

 1.5 – 2.5 

 60 %  5  5 

 (Hedrick, 1994) 

 4-6 

 (Schmidtbleicher, 1992) 

 (Weight training)  6 - 8 

1.  (Maximal contraction training) 

1.1  (Near - maximal concentric 

contraction)

90 95 97 100 100(+1 .) % 

3 1 1 1 1

5 

3  - 5 

3 

ke



1.2  (Maximal concentric contraction)

100 %

1

5

3  - 5 

3

 1.3  -  (Concentric eccentric 

maximal contraction)

70 - 90 %

6 - 8 

3 - 5 

5

( )

3

2.  (Mixed method) 

kh



 2.1   (Speed strength method) 

30 - 50 %

7

5

3 - 5 

 ( )

3

 2.2  (Pryamid method) 

 80  85  90  95  100  95  85 %

   7    5    3    2     1     2    5 

                                        7 

                                        3 - 5 

 (Bompa, 1993) 

(Weight training) 

1.  (Isotonic method) 

 (External resistance) 

 (Internal strength) 

ks



        30 - 50  %

       50 - 80  %

                                                     10        

      3 - 6        

              2 - 6       

      

     2 - 3      

2.  (Power - resisting method) 

                                        80 - 90  %

                                        30 - 50  %

    

                                          2 - 4

                                          2 - 4

                                                 4 - 8

                                                            3 - 5        

                         2 - 4          

    

                 

                 

                          1 – 2          

kt



 (Wathen, 1994)  (Bompa, 1998)  (Baechle, Earle 

and Wathen, 2000) 

%

 1 %

%

. . 1994 . . 1998 . .2000

1

2

3

4

5

6

7

8

9

10

11

12

15

100

93.5

91

88.5

86

83.5

81

78.5

76

73.5

-

-

-

100

95

-

90

-

85

-

80

-

75

-

-

-

100

95

93

90

87

85

83

80

77

75

70

67

65

 1 

%

. .1994 . .1998

kf



. .2000

 2  % 

(% )

 85 % 

  80 – 90 % 

 75 – 85 % 

 67 – 85 % 

 67 % 

 6 

1 – 2 

3 – 5 

6 – 12 

 12 

2 – 6

3 – 5 

3 – 5 

3 – 6 

2 – 3

 (Baechle, Earle and wathen,2000) 

 % 

q�u



(Bompa, 1993) 

1.  (Landing/reactive power) 

80 - 100  6-8 

 (Eccentric contraction) 

 (Concentric contraction) 

2. - -  (Throwing power) 

- -

3.  (Take–off power) 

 (Explosive) 

4.  (Starting power) 

q�q



5.  (Deceleration power) 

 (racket) 

6.  (Acceleration power) 

 (Fast twitch fiber)

 (Bompa, 1983)  (Hakkinen and 

Komi, 1983) 

1.  (Motor unit recruitment) 

2.  (Motor neurons) 

3.  (Motor unit) 

4.

 (Intramuscular coordination) 

 (Excitatory reaction) 

q�k



 (Inhibitory reaction) 

5.  (Intramuscular 

coordination)  (Agonistic muscles) 

 (Antagonistic muscles) 

 (Newton and Kraemer, 1994) 

1.

 (Rate of force development)

2.

1.  (Slow velocity strength) 

2.  (High velocity strength) 

3.  (Rate of force development) 

4. -  (Stretch – shortening cycle) 

q��



5.

(Intermuscular coordination & skill) 

 (Wilson, 1994) 

1.

2.

3.

 30 – 45 % 

 (Yessis, 1994) 

(Inertia)   (Momentum)  (Acceleration) 

 (Speed-

strength)

q�l



 (Yessis, 1994) 

    P  =

       P  =

F X d

      t 

                             F  =     

                             d  =     

                              t  =     

 =

  =  x 

 (Chu, 1996) 

 I 

 IIa  IIb 

 IIa  IIb 

 IIa  IIc 

q�e



 (Stone and Borden, 1997) 

 (Peak 

force)

’  (O’Shea) 

 (Tackling) 

 (Neurophysiological system) 

(Neuropsychological system) 

q�h



’

1.  (Slow - twitch oxidative) 

2.  (Fast - twitch oxidative) 

 (Fast - twitch fatigue resistance) 

3. (Fast – twitch glycolytic) 

 (Fast – twitch fatigable) 

(Size principle) 

’

 60 % 70 % 80 % 90 %  100 %  1 

 1 

q�s



 3

%  1 

60 70 80 90 100

60 40 25 15 5

30 40 40 25 25

10 20 35 60 70

’

 70 %

 90 %

 (Baker, 2001)  (2544) 

 (Repetition maximum) 

(% of 1 RM) 

 80 - 100 %  40 - 60  

%

q�t



(Energy system)  (Energy source) 

 ( , 2544) 

 (Leg Press) 

 90 

q�f



 (Fleck and Kraemer, 1987) 

 (Adenosine 

triphosphate molecule or ATP) 

(Adenosine diphosphate or ADP)  (Free phosphate molecule)

 (Myosin crossbirdges) 

 (Actin filaments)  (Myosin filaments) 

1.  -  (ATP - PC energy source) 

 (Phosphocreatine or PC)  (Creatine) 

 (Anaerobic source of energy) 

 30 

 - 

qlu



 -  - 

20  -     50 % 

40  -     75 % 

60  -     87 % 

3 - 4  -   100 % 

2.  (Latic acid energy source) 

 (Glycogen) 

 (Glucose) 

 (Pyruvate) 

 (Anaerobic glycolysis) 

 - 

 - 

 1 - 3 

3.  (Oxygen energy source) 

 (Aerobic energy 

qlq



source)

(Kreb's cycle)  (Electron transport) 

(Carbon dioxide)  39 

 (Beta oxidation) 

 – 

 (Bangsbo et al., 1990) 

qlk



 6 

 - 6.3%

 - 49.6%

 - 44.1%

  (Anaerobic glycolytic) 

 30 

 -  60% 

 -  40% 

  (Aerobic glycolytic) 

 60 

 -  50% 

 -  50% 

 120 

 -  35% 

 -  65% 

 1 

 -  92% 

 -  8% 

  (Aerobic lipolytic) 

 -  – 

 (Leg Press) 

 90 

 -  (Bangsbo et al., 1990) 

 30 

60%

l�



 (Weineck, 1990) 

 -  (Gluteus maximus) 

 -  (Adductor magnus) 

 -  (Semimembranosus) 

 -  (Semitendinosus) 

 -  (Glueus medius) 

 -  (Quadratus femoris) 

 -  (Quadriceps femoris) 

 -  (Rectus femoris) 

 -  (Tensor fasciae latae) 

 -  (Gastrocnemius)  

 -  (Soleus) 

 -  (Flexor hallucis longus) 

 -  (Flexor digitorum longus) 

 -  (Tibialis posterior) 

 -  (Peroneus longus) 

 -  (Peroneus brevis) 

ll



 (Vastus medialis)  (Vastus lateralis) 

 (Vastus intermedius) 

 (Vertical jump) 

 (Hedrick and Anderson, 1996) 

 (Vertical jump) 

 40 %  24.2 %  35.8 % 

le



 (Clean) 

(Overtraining)

 (Umberger, 1998) 

1.

 (Rectus femoris)  (Gastrocnemius) 

(Hamstrings)  (Semimembranosus) 

(Semitendinosus)  (Biceps femoris) 

2.

lh



 21 % 

 25 % 

ls



 (2535) 

2534  16 – 19  40 

 4  10 1

30  1  2 

 30  1 

 3   30  ( )

 1 

 4  1 

 8 

1.

 .05 

2.

 .05 

3.

 .05 

4.

 .05 

5.

 .05 

lt



 (2536) 

 ( )

 14 – 17  30 

 3  10  1  2 

 2  3 

 3  6  8 

 (One-way Analysis of Variance) 

 tukey (a)  

 (t-test)   

1.  1  2 

 2  3 

 3 

 .05

2.  2  6 

 .05  

3.  2 

 3  8 

 .05 

 (2540) 

17-23  20 

 2 10  1 

lf



 90  2   30 

 90   8 

1.

 8 

 .05 

2.  8 

 .05 

3.  8 

 .05 

4.  4 

 8 

 .05 

 (2541) 

 60 % 70 %  80 % 

 30 

 2540  18 - 20 

 40 

 30 

 4  10  1

( )  2  60 %  40 

 3   70 %  40 

eu



 4   80 %  40 

 9 

 3 

1.  60 %  70 

%  80 %  9 

 .05

2.  60 %  70 % 

 80 %  9 

 .05

 (2544) 

72  4 

 18 

 2 

 12 

 6  12 

  tukey (a)  12 

1.

 .05 

2.

.05

eq



3.

 .05 

 (Wilcox, 1972) 

 (Vertical jump)  (Plantar flexion) 

 2 

8  2  1  13.00-15.00 .  (Leg press 

machine)  2  10.00-12.00 .  (Bench squats) 

 5  3  10  8 

1.  (Leg press machine) 

 .05 

2.

 .05 

3.

 .05 

 (Kritpet, 1988) 

 6 

 15  2 

 9  8 

 1-2  70%  8-10  3 

 3-4  80%   5  3 

ek



 5-6  90%  3  3 

 1-2  70 %  10  2 

 0.71  5  2

 0.71  5  2 

 3-4  80 %  10  2 

 0.71  5  3 

 0.71  5  3 

 5-6  90 %  10  2 

 0.71  5  3 

 0.71  5  3 

 6 

1.

 6 

 .05  2 

2.  6 

 .05 

 6 

 .05 

 (Adams et. al., 1992) 

 6  48 

 4  1 

 2  3 

 4  2 

 6 

 4 

e�



 (Luaber, 1993) 

39  4  1  2 

 3  4 

 2 

 (Wilson, Newton, Murphy and Humphries, 1993) 

 3 

 1  64 

 (Countermovement Jump) 

 (Static jump)  (Isokinetic leg extension)  30 

(30-m sprint)  6  (6-s Cycle peak power) 

 (Maximum isometric force)  (Rate of force 

development)  4  16 

 1  6-10 

 2  1-2  3-4  3  4  4  5 

 5-10  6 

 2  6-10  2 

 1-2  3  0.20  3  4  0.40 

 4  5  0.60  5-10  6 

 0.80 

el



 3 

30 %  6-10  2  1-2 

 3  3  4  4  5  5-10  6 

 4  10 

 5  10 

1.  5 

 3 

 .05  10  1 

 2  3 

 .05 

2.  5 

 3 

 .05  10  1 

 3 

 .05 

3.  5  10 

 3 

 .05 

4.  10  30 

 3  0.01 

5.  5  10 

 6  1  3 

 .05 

6.  5 

 1 

 .05 

 10 

 5 

ee



  3 

1.

2.

3.

4.

5.

6.

 2548  18 -22

 (Voluntary samples)  40 

 3  (Leg press) 

 1.5 - 2 

 1 - 40 

 4 10  (Ramdomized assigment) 

 1  2  3  4 

1 2 3 4

8 7 6 5

. . . .

. . . .

33 34 35 36

40 39 38 37



 4  (Random sampling) 

 1,2,3,4 

 1  1 

 2  2

 3  3 

 4  3 

 3  1  2 

1.

1.1  (Newtest power timer Sw-300) 

1.2  (Leg press) 

2.

  1 

 2 

 3 

 3 

 2.1  

2.2

 20 

2.3

 2.3.1  1 – 4  3 

es



 4  1 – 4 

(%  1 
RM) ( ) ( )

 1 

 1 

 80 % 2
3- 4 

6 30

 2 

 2 

 80 % 2
3- 4 

6 30

 3 

  3 

 80 % 2
3- 4 

6 30

 4 

3

 3 

 1 

 2

 80 % 
2

2

2
3- 4 

2

2

2

30

et



 2.3.2  5 – 8  3 

 5  5 – 8 

(%  1 
RM)

( )
( )

 1 

 1 

 90 % 2
3- 4 

6 30

 2 

 2 

 90 % 2
3- 4 

6 30

 3 

  3 

 90 % 2
3- 4 

6 30

 4 

3

 3 

 1 

 2

 90 % 

2

2

2
3- 4 

2

2

2

30

2.4

2.5  5 

2.6

2.7

ef



1.

2.

 40 

3.

4. 

 4 10

5.  1 

(1Rm) ( )

6.  4  8  3 

 40  (Warm up) 

 (Static stretching) 

 5 

 (Leg press)  30  (Cool down) 

 5 

7.

 11  2548  2  2548  8  3 

 16.00 -19.00 .

8.  4 

8.1  (Pre-test) 

 4  (Mid-test)  8  (Post-test) 

 (Newtest power timer Sw-300)

8.2  (1RM) 

(Pre-test)  4  (Mid-test) 

 3  (Leg press)  

hu



1.

2.

3.  (Pre-test)  4 

(Mid-test)  8  (Post-test) 

 (True – experimental design) 

 3 

1.  1 

1.1

(Newtest power timer Sw-300) 

1.2  (1RM) 

 3 

 (Leg press) 

2.  2  4 

2.1

(Newtest power timer Sw-300) 

2.2  (1RM) 

 3 

 (Leg press)  

3.  3  8 

3.1

(Newtest power timer Sw-300) 

hq



 (SPSS: Statistical package for the social sciences for windows version 

11.5)

1.  (Mean)  (Standard Deviation) 

 4  8  4 

2.  4 

 8  4 

 (One-way Repeated Measurement) 

 (Tukey a) 

3.  4 

 8  4 

 (One-way Analysis of Variance with repeated measures) 

4.

hk



 1  1 
  

 (Voluntary samples)  (Voluntary samples) 

  

           40            40 

                  

 1  1 

  

 4  4 

  
  1 

  1

  2

  2

  3

  3

  4

 3 

  

  

  
  

 2  4               

  

      

  

 3  8
  

  

h�



  4 

 4  8  1 

 1  2 

 2  3 

 3  4  3 

 4 

 1 
 4 

8

 2  (One-way analysis of variance) 

 4  8 

 (Tukey a)

 3  (One-way analysis of 

variance with repeated measures)  4 

 8  4 

 (Tukey a) 

 4  4 

 8  4 



65

 1
 4  8  4 

 6  4 

 1  2  3  4 

x S.D. x S.D. x S.D. x S.D.

 ( ) 21.10 0.74 21.10 0.88 20.90 1.10 21.10 0.99

( )
62.60 5.74 64.60 4.40 67.90 4.28 65.80 8.09

( )
171.30 5.38 171.50 5.28 173.50 5.54 172.40 6.98

 6  1 

 1  21.10  2 

 2  21.10  3 

 3  20.90  4 

 3  21.10 

 1 

 1  62.60  2  2 

 64.60  3  3 

67.90  4  3 

65.80

 1 

 1  171.30  2 

 2  171.50  3 

 3  173.50  4 

 3  172.40 



66

 7
 4 

 1  2  3  4 

x S.D. x S.D. x S.D. x S.D.

3194.20 389.78 3160.20 322.73 3163.10 304.81 3147.30 296.55

4
3362.60 317.45 3269.50 329.03 3489.00 275.12 3350.80 306.86

8
3433.60 321.30 3316.20 276.42 3784.10 209.96 3438.30 319.15

 7 

 1  1  3194.20 

 2  2 

3160.20  3  3 

 3163.10  4  3 

 3147.30 

 4  1 

 1  3362.60 

 2  2  3269.50 

3  3  3489.00

 4  3  3350.80 

 8  1 

 1  3433.60  2 

 2  3316.20  3 

 3  3784.10

 4  3  3438.30 



67

 2  (One-way analysis of variance) 

 4  8 

 4 

 (Tukey a) 

 8
 4 

SS df MS F p
11868.20 3 3956.07 .036 .991

3932406.20 36 109233.51

3944274.40 39

p > .05 (F3, 36 = 2.84) 

 8  (F) 

 (F)  .05 

 1 

 1  2  2 

 3  3  4 

 3 

 .05



68

 9
 4  4 

SS df MS F p
246682.48 3 82227.49 .868 .467

3410024.50 36 94722.90

3656706.98 39

p > .05 (F3, 36 = 2.84) 

 9  (F) 

 (F)  .05 

 4  1 

 1  2 

 2  3  3 

 4  3 

 .05 



69

 10
 8  4 

SS df MS F p
1225178.90 3 408392.97 5.017* .005*

2930283.00 36 81396.75

4155461.90 39

*p < .05 (F3, 36 = 2.84) 

 10  (F) 

 (F)  .05 

 1 

 1  2  2 

 3  3  4 

 3  .05 

 (Tukey a) 

 11 



70

 11
 8  4  (Tukey a) 

x
1

3433.60

2

3316.20

3

3784.10

4

3438.30

1 3433.60 - 117.40 350.50* 4.70

2 3316.20 - 467.90* 122.10

3 3784.10 - 345.80*

4 3438.30 -

*p < .05 (  = 341.93) 
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 3  (One-way analysis of variance 

with repeated measures)  4 

 8  4 

 (Tukey a) 

 12
 4  8  1 

 1 

SS df MS F p
3085040.80 9 342782.31

420756.67 20 21037.83

302373.07 2 151186.53 22.988* .000*

118383.60 18 6576.867

3505797.47 29 120889.57

*p < .05 (F2, 18 = 3.55)
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 1  1 

(Tukey a) 

x 3194.20

 4 

3362.60

 8 

3433.60

3194.20 - 168.40* 239.40*

4
3362.60 - 71.00

8
3433.60 -

*P  .05 (  = 92.58) 
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 4  8  2 

 2 

SS df MS F p
2551077.63 9 283453.07

176597.33 20 8829.87

128211.27 2 64105.63 23.848* .000*

48386.07 18 2688.11

2727674.97 29 94057.76

*p < .05 (F2, 18 = 3.55)

 14  (F) 

 (F)  .05 

 4  8 
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x
3160.20

 4 

3269.50

 8 
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3160.20 - 109.30* 156.00*

4
3269.50 - 46.70

8
3316.20 -

*P  .05 (  = 59.19) 
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 4  8  3 

 3 

SS df MS F p
1647767.87 9 183085.32

2196158.00 20 109807.90

1929786.07 2 964893.03 65.202* .000*

266371.93 18 14798.44

3843925.87 29 132549.17

*p < .05 (F2, 18 = 3.55)
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 3  3 
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x
3163.10

 4 

3489.00

 8 

3784.10

3163.10 - 325.90* 621.00*

4
3489.00 - 295.10*

8
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*P  .05 (  = 138.87) 

 17 

 4  8  3 

 3 

 .05

  8  3 

 3  4 

 .05



77

 18
 4  8  4 

 3 

SS df MS F p
2449596.13 9 272177.35

551921.33 20 27596.07

445831.67 2 222915.83 37.822* .000*

106089.67 18 5893.87

3001517.47 29 103500.60

*p < .05 (F2, 18 = 3.55)
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x
3147.30

 4 

3350.80
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3438.40

3147.30 - 203.50* 291.10*
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3350.80 - 87.60

8
3438.40 -

*P  .05 (  = 87.64) 
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