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Abstract 

The object of the study was to shed more light on the after-effects of 

muscular exertion on motor behavior. A group of 84 male teacher trainees 

were subjects in an experiment which consisted of a simple stepping 

movement (from a sitting position up to standing erect on a platform) 

repeated eight times. The starting position and the stepping foot were 

predetermined, otherwise the instructions emphasized a voluntary tempo and 

pattern. Between the seventh and eight recordings the subjects worked for 

6 minutes on a bicycle ergometer with a moderately heavy load (working 

pulse rate of at least 130). The fifth, seventh and eight movements were 

recorded by means of a stroboscopic flashlight and photography apparatus. 

A number of fitness scores were also obtained for the subjects by appro

priate tests. �he score alterations between the three recordings were 

examined in several variables describing the movement pattern, such as 

'time of motion', 'width of path' and 'arm swing'. The independent or 

fitness factors and the dependent or movement factors were computed by 

means of factor analysis. By dividing the subjects into fitness groups 

on the basis of their scores in each independent factor, and by using 

analyses of variance, the alterations could be studied in the means of the 

dependent variables at each level of fitness. The results indicated that 

the performance of the stepping movement speeded up significantly between 

the second and third measurements (seventh and eight recordings); in groups 

3 and 4 (high score) of General strength-power and Endurance, and in groups 

1 and 2 (low score) of Moving and Running power the increase was greater 

than in the opposite groups of the same factors. These results may be 

interpreted by differences between the subjects in specific components of 

physical fitness on one hand, and by specific requirements in the perfor

mance of the task on the other. The results may be interpreted by the co

effects of fatigue and arousal on the movement. 



1. Purpose of the study

My aim in conducting this study was to obtain information on the quanti� 

tative aspects of the possible relationship between the phy8ical perfor

mance ability - or physical fitness - of young men and the immediate 

effects of a single short exertion of muscular work with the legs on some 

simple variables describing the pattern of body movement in rising from 

a sitting position and taking one step up to standing erect on top of a 

knee-high platform. 

2. Background of the study

We know from experience that when an untrained person who does sedentary 

work uses his muscles against an unusually great load, he will feel the 

after-effects of exertion as stiffness and numbness in the muscles involved. 

In order to produce these symptoms a loading of short duration must be 

rather high in relation to the working capacity of the muscles used. 

Running, climbing steps and cycling uphill are examples of such loading 

of the lower limbs. The intensity and quality of the after-effects 

evidently vary according to a person's fitness and to the magnitude of 

the load. We are faced by the question: what then are the after-effects 

caused by muscular exertion? In addition to what the subject himself feels, 

it is also possible for an outside observer to notice some stiffness and 

even some kind of disorganisation in his motor behavior after exercise. 

These effects could be caused, for example, either by fqtigue of the 

muscles or by central excitation, i.e. increasing arousal, or by both 

(Darcus, 1953; Duffy, 1957; Welford, 1968). 

Fatigue may manifest itself as a decrease in the velocity of sunbequent 

performance (Welford, 1968, 240-285), whereas an increase in arousal may 

accelerate the speed of performance. For example, Stennet (1957) and 

Klein (1961) have shown experimentally that at least in certain conditions 

heightened muscular tension simultaneously increases the velocity of a 

movement produced by other muscles, and decreases its accuracy. Physical 

fitness, especially those of its components which involve the performance 

of the legs, must be regarded here as an intervening variable. Hammerton 



2. 

and Tickner (1968) studied the effects of physical fitness and heavy 

muscular exercise (step test of 200 2-step cycles in 400 sec.) on the 

performance of physically well trained military personnel in a skilled 

visual-motor control task. The results indicated that the performance of 

subjects with a lower physical fitness rating showed a marked decrement 

in a difficult task after exercise, while that of subjects with higher 

fitness showed no decrement in the same situation. The results of some 

recently published studies (Meyers et al., 1969; Welch, 1969), on the 

other hand, showed no significant alteration of reaction time after 

preceding muscular exercise, 

The after-effects of muscular loading on motor performance may be examined 

by the methods of motion analysis. By recording and evaluating a simple 

pattern of gross motor response immediately before and after loading, 

and by comparing the respective scores, I have tried to shed some more 

light on the after-effects of muscular exercise on movement. 

3. Hypotheses

My first assumption was that a single 6-minute exertion of moderately 

heavy muscular work increases the speed of movement, the variability of 

acceleration, and the expansion of paths of movement in performing an 

immediately following motor task. A further assumption was that the 

effects of muscular work depend on the subject's physical fitness in 

such a way that lower scores in the test items measuring endurance and 

power of the leg muscles are associated with smaller increments in speed 

and larger increments in variability and expansion measures than higher 

scores in the same items. 

4. Methods

4.1. The task and recording 

The motor task in the experiment had to be stereotypic and "overlearned", 

so that chance variations and repetition of the movement would not alter 

the mode of performance in a manner which could be difficult to account 

for (Takala, 1963). On the basis of previous studies (Jones et al., 1958; 



Jones & Hanson, 1961) and preliminary experiments (Kirjonen, 1969), rising 

from a sitting position and stepping up to a platform at a voluntary tempo 

fulfilled these requirements (Figure 1). The subjects were instructed 

to perform the task in any way and at any speed they wanted. The starting 

signal and the general pattern of the movement were, however, explained 

in the instructions. 

The movements of the subjects were recorded by means of a stroboscopic 

illumination and photography apparatus constructed at the Department of 

Psychology, University of Jyvaskyla, after the model of Jones (Jones 

et al., 1958, a and b, Kirjonen, 1969). The apparatus included a small 

camera loaded with color film, and a stroboscopic flashlight with a 

flash-switch guided by a photocell. The timing of the flashes was 

regulated by a rotating perforated wheel between the photocell and a 

light source. The outer section of the wheel in front of the camera 

objective was divided into 10 filter sectors of 5 different colors. The 

wheel was rotated by a synchronous motor (2 rps.). Markers made of 

reflecting tape were fastened at predetermined positions on the subjects' 

skin with the aid of surgical tape. These facilitated the analysis of 

the photographs which recorded the successive positions of the four 

reflecting markers along their respective paths of movement (Fig. 1). 

The markers appeared in different colors at successive, identifiable 

moments of time, in accordance with the color of the filter sector in 

front of the objective at that moment; and phases of motion of the 

different parts of the body appeared as simultaneous alterations in the 

mutual relations of identically colored markers. The measurements of 

dependent variables were carried out on a white cardboard sheet on which 

the marker traces had been copied from projections produced by a micro

film reading device. 

4.2. Study variables 

4.2.1. Dependent variables 

When choosing the variables I tried to take into consideration the basic 

dimensions in the study of the motion from the point of view of mechanics 

(movement time or velocity), psychomotor functions (coordination, steadiness/ 



variability, errors), and expressive movements (tempo, tension, areal 

factor, path angularity; intensity) (Contini & Drillis, 1966, 15-21; 

Fleishman, 1958; French, J.W.; 1951; Jones & Hanson, 1961J Takala, 1962; 

Takala & Partanen, 1964). 

1. Motion time (path of the head)

The score was the number of successive 1/10 s marker reflexions counted 

from the first perceptible marker reflexion following the starting point 

to the one highest on the path. The mean of the correlation coefficients 

between measurements was .76. 

2. Mean velocity of the head

The score was the arithmetic mean of the linear distances between all the 

successive marker reflexions counted for the motion time. The mean r 

was .71. 

3. Variability of motion velocity (head)

The score was the variance of the linear distances measured as above. 

The mean r was .49. 

4. Width of path (head)

The score was the longest perpendicular distance of the path from a 

straight line connecting the starting point and the highest recorded 

point in the path of motion of the head. The mean r was .64. 

5. Smoothness of the path (head)

The score was the sum of 2 ratings (independent rating by two persons 

using rating graphically presented norms on a 5-point scale; r between 

raters .70, within rater .94) of the fluency or smoothness of the drawn 

path. 

Criteria for determining rating norms: 

a) Slight/strong deviation from the line connecting the starting point

and the highest point.

b) Smoothness/angularity of path

c) Continual progress of the movement horizontally foreward and vertically

upward/changes in direction backwards and downwards.

The mean r was .78 



:B'igure 1 

Diagram of the movement pattern and the paths of reflecting markers. 
Point a =  marker of the head finishing its first ascent. Point b = 
marker of the head starting its first ascent. 
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6. Leg timing in relation to the movement of the head

The score was the number of ankle marker reflexions counted from the 

starting point to that corresponding to the marker of the head finishing 

its first ascent (see Fig. 1; point a). The mean r was .75. 

7. Arm swing (wrist)

The score was the sum of the ratings (2 separate ratings by one person, 

see variable 5) made of the powerfulness of an arm swing. In this case 

the reflecting marker was fixed on the wrist on the side of the stepping 

foot. The movement of the arm represents a voluntary motor response and 

an auxiliary movement in the performance. 

A 5-point scale based on graphically presented norms was used which 

covered the dimension of extensiveness of the foreward and/or upward 

path of the arm. The impulse from an effective swing of the arm through 

the shoulder joint brings about a force which moves the upper body and 

the centre of gravity of the whole body onwards. The mean r was .68. 

8. Arm timing in relation to the movement of the head. The score was

the perpendicular distance from the wrist marker corresponding to the 

first ascent of the head to a vertical line through the starting point 

of the ankle marker. (b, Fig. 1). The mean r was .71. 

4.2.2. Independent variables 

1. Age (in months)

2. Weight (in kilograms)

3. Height (in centimetres)

4. Height minus sitting height (in centimetres; Bayer & Bayley, 1959)

5. Hand grip (in kilopounds; the dominating hand, best in two trials;

Nicks & Fleishman, Appendix A, 1962)

6. Standing broad jump (in centimetres; the longest jump in three trials;

Larson & Yocom, 1951)

7. Bench press (the number of push-ups of the load of 31 kg in 20 s.;

Nicks & Fleishman, App. A, 1962)

8. Agility run (time in 1/10 sees; "Loop the loop!!, McCloy & Young, 1954)



9. Chins (number of pulls in 20 sa, Nicks & Fleishman, App. A, 1962)

10. Knee bend (the number of bends in 60 s., Nicks & Fleishman, App. A,

1962) 

11. Working heart rate (Astrand, 1961) 

12. An estimate of the maximum oxygen uptake (Astrand, 1961)

13. School grade in gymnastics (Teacher rating, 7-point scale)

14. School grade in �ther sports (Teacher rating, 7-point scale)

4.3. Experimental procedures 

The subjects were 84 male teacher trainees at the University of Jyvas

kyla with an age range of 254-429 months. 

At first the following test items of motor fitness were measured1 : 

hand grip, standing broad jump, bech press, agility run, chins, and 

knee bend. From two to fourteen days later the subjects' height, sitting 

height and weight were measured, and the experiment proper was carried 

out according to the following design. 
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I 
0 f-1 0 ..£1 � 
0 C) .p '--../ 

0 QJ 
:;:: f-1 

2 2 5-6 2 6 1 

A p p r 0 X i m a t e t i m e i n m i n u t e s 

1All measurements were carried out 22.4. - 6.5. 1963 

2The work load was 600 kpm/min. for 11 subjects, 900 for 72 subjects 

and 1200 for 3 subjects, adjusted in accordance with the physical 

appearance of each subject in order to obtain a working pulse rate of 

at least 130. 
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4.4. Data processing and statistical methods 

The main method of statistical treatment was factor analysis. Most of 

the analyses were computed by using the programs of the "Statistical 

System" manual (IBM). Processing started from primary data and gave 

e.g. product-moment correlations, principal factor solution, varimax

rotation, oblique rotation (Promax), and factor scores for each subject 

(IBM 1967, Harman, 1967). Communalities were estimated by means of the 

squared multiple correlation method (SMC) (Harman, 1967, 86-88). 

Analyses of variance were also computed by using tho two-variate model 

with repeated measurements in one variate (Winer, 1962, 302-318). 

For two dependent variables (smoothness of path and arm swing) the 

quantification was carried out at the level of classification scales 

which in general would not justify the use of product moment correlations 

as the basis of statistical analyses. In this estimation, however, the 

norm figures were composed in advance on the basis of the research 

material in order to reduce the inconvenient manual scoring, yet main

taining the linear relation to the physical scales. The classification 

indeed reduced standard deviation -and, unfortunately, information as 

well- and probably decreased the correlation coefficients. As a study 

of the normality of distributions and the linearity of regressions did 

not yield any exceptional cases, the variables could be accepted for 

analyses. 

The design of the data analysis was to study the relations between the 

independent and dependent phenomena by starting from groups of independent 

variables at a general level of description (factor/factor) and by moving 

to more specific levels (factor/variable, variable/variable); this 

approach is particularly useful when the phenomenon is restricted in 

scope, or when its weak intensity prevents its appearance in complex 

contexts. 

5. Results and interpretations

5.1. Factor analysis of independent variables 

In this study factorizations and rotations were carried out separately 

on the independent and dependent variables. In addition, each subjec� 

was assigned factor scores (included also in the matrix of correlations, 

Table 1). 
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The independent variables yielded five factors (Table 2) 

10. 

Factor 1. General strength-power. The most significant loadings fell 

on chins, grade in gymnastics, and standing broad jump. 

Factor 2. Height. The factor received strong loadings on height and 

height minus sitting height, and a rather weak loading on weight. 

Factor 3. Endurance. The factor showed loadings on the maximum oxygen 

uptake, working heart rate, and, partly on age. The technical correlation 

between the first two made a valid interpretation rather difficult, even 

though this factor was similar to the one presented in connection with 

earlier findings (Kirjonen & Pitkanen, 1964/1965). 

Factor 4. The factor was characterized by loadings on weight, bench press, 

and hand grip. Thus we are obviously dealing with moving power (Kirjonen 

& Pitkanen, 1964/1965) which represents a short isotonic or isometric 

muscle contraction against an external load. 

Factor 5. Running power. The factor was made up of variables measuring 

fast leg extensions in relation to the subject's weight, e.g. agility 

�, standing broad jump, and also the school grade in other sports. 

These five factors extracted from the independent variables and the 

corresponding factor scores were used as the basis of classification. 

in the analyses of variance concerning the treatment effects on dependent 

variables at the different levels of physical fitness. 

5.2. Factor analyses of dependent variables 

The analyses of the dependent variables were carried out as follows. 

Each of the three measurements for each subject was treated as a 

separate observation, the total number of subjects being thus 3 x 84 = 

252. The procedure made it possible to deal with the results of the three

separate measurements within the same factorization and rotation. It

also yielded comparable factor scores. Three identified factors were

extracted (Table 3).

Factor 6. Tempo of motion (TM). The factor was characterized by motion 

time, mean velocity and smoothness of path. The rotational solutions 

were rather clear and easy to interpret. 

Factor 7. Auxiliary arm movements (AM). Only two variables yielded 

significant loadings on this factor: arm swing and arm timing, both 
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Table 2. 

Rotated factor matrices� varimax and promax solution, independent variables, 

V a r i m a x P r o m a x 

1 • 2. 3. 4. 5. h
2 

1 • 2. 3. 4. 5.

Age -31 12 -30 26 01 28 -38 18 -21 27 09

Weight -38 40 -09 72 -02 84 -38 25 01 72 03

Height -09 91 10 16 -02 88 -01 92 01 07 06

Height-Sitting height -04 89 06 00 -09 80 08 93 -07 -08 �02

Hand grip 16 29 08 37 13 26 19 25 07 36 04 

Standing broad jump 57 23 07 08 53 66 50 30 -01 -01 41 

Bench press 34 -10 -09 77 22 78 38 -18 -01 81 -06

Agility run 25 01 00 00 64 46 02 05 -01 -11 70 

Chins 82 -07 08 05 28 77 91 01 -01 05 -05

Knee bend 34 -21 05 20 43 38 22 -22 08 18 32 

Working heart rate 14 -17 -83 -10 15 76 15 -04 -86 -15 15 

Max.oxygen up take 20 -04 84 -14 20 81 08 -10 84 -14 18 

Grade in gymnastics 57 -17 -06 12 34 48 56 -12 -10 11 13 

Grade in other sports 08 -04 00 12 65 44 -20 -05 04 01 76 

GSP H E MP RP GSP H E MP RP 
Eigenvalues 2.0 2.0 1.5 1.4 1.6 0.60 (Starting communalityg 

8.28) 

% of starting 
24.2 24.2 18.1 16.9 19.4 102.8 communality 

Factors: Correlations between oblique Factorsg 

1 • General strength-power GSP GSP H E MP

2. Height H H -22 

3. Endurance E E 16 21 

4. Moving power MP MP 02 19 -14 

5. Running power RP RP 63 -14 02 28 
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Table 3. 

Rotated factor matrices: varimax and promax solution, dependent variables. 

V a r i m a x P r o m a X

6. 7. B. h2 6. 7. 8. 

Motion time -95 -15 -04 91 -96 01 -04

Mean velocity 78 14 -46 85 86 -03 -48

Motion variability -02 11 -60 37 05 06 -60

Width of path -17 03 -69 51 -08 -01 -70

Smoothness of path 71 16 35 65 67 07 36 

Leg timing 17 -03 07 03 17 -06 06

Arm swing 01 82 -16 70 -06 83 -09

Arm timing 14 83 -01 71 05 84 06 

TM AM HM TM AM HM 
Eigenvalues 2. 1 1.4 1. 2 4.73 (Starting communality: 4.46) 

% of starting 47.1 31.4 26.9 105.4 communality 

Factorsg Correlations between oblique factors: 

6. Tempo of motion TM TM AM 
7, Auxiliary arm movements AM AM 26 
8. Heaviness of motion HM HM 12 14 



of which describe the size and powerfulness of the forward swing of the 

arm. Because these variables represent the arm movements particularly 

during the starting phase the name 'auxiliary' (producing an aiding 

impulse) was chosen. 

Factor 8. Heaviness of motion (HM). The factor was dominated by the 

loadings on width of path, on variability of moti�-��locity and on 

mean velocity. The factor describes primarily the forward tilt of the 

head and upper trunk with which the mean velocity is associated. In 

this solution it is only a partial reflection of the alterations along 

the 11variability" (variability of acceleration and expansion of movement) 

dimension of the performance. Certain observable traits in flexing the 

big joints of the body might, however, be permanent individual charac

teristics of the gross motor functions. 

5.3. Analyses of variance 

On the basis of the analyses of the independent and dependent variables 

factor scores were computed for each subject, who thus received five 

scores from the independent and nine from the dependent variables (first, 

second and third measurement; three factors). 

For the analyses of variance with repeated measurements of dependent 

variables, the Ss were divided into fitness groups (21 Ss each) on the 

basis of the size of the score in each independent factor. The dependent 

factor and variable scores were taken up successively for the analyses 

of the results of all measurements, i.e. for the analyses of the effects 

of treatment on the dependent phenomena at the different levels of physical 

fitness. The means of the three dependent factor scores and eight variable 

scores are given in table 4.

The analyses of variance (summarized in table 5) indicate that the main 

effects of measurement (treatment) were significant (at the 1 % level) 

in the factor Tempo of motion and in the variables loading it strongly 

(time and mean velocity). The tempo of performance (TM factor, time 

and velocity scores) had speeded up significantly between the second and 

third measurements. 

The effect of treatment and the experimental situation at different levels 

of fitness can be observed in the dependent scores by computing the 



Table 4. 

The means of the dependent variables (factor scores and variable scores)
at the different levels (groups 1 - 4) of each independent fitness factor.

�.E_.endent fe.ator:s: Tempo of motion 9 TM9 Au::dliary arm. moveme:nta, AM�
Heaviness of motiont HMe Ind��.P.,dant factqrs: General strength-po�rw
GSP; Height, H; Endurance, E9 Moving power 9 MPJ Running power, RP. 

Tlol/GSP 
meaauremente 
,. ?, 3, 

1, -2,3 •. 0,5 0,4 

2, -2.3 •. ,. 5 0,4 

,. -1,5 0,2 L6 

4, 0,0 0,0 5.5 

Hll!/GSP 
m<Hlaurements 

1, 2, 3, 
1, --1, 6 ·-0, 3 -0, 1 

2, 0.2 2,6 1.3 

3, 0,7 0,4 1, 7 

4, -3.2 --0, 2 -1,2 

TI!/!! 
moasurarnento 

1, 2, 3. 
1, •. o. q 0,9 2,7 

2' -4. ·5 ·-4. \} ,.,()
,, ? 

3. 0,1 -1,0 2.4 

4, -1,1 2,4 3.0 

HM/H 
me&/JJuremant0 

1. 2, 3. 
1. -5,3 --3. 7 -3 .o 
2, ~3 .3 -2,3 -2,5
3, 0,7 1. 6 1.4 

4. 4,0 6,8 <; 7 

TM/E 
m@maur@n'.lenta 

1. 2. 3, 
1. ·-1, 7 --0,8 1, 1 
2, -2,5 -1,3 0,1 

3, 1,8 1 ., 5 5 .,2 

4. -3,B -1.2 1. 4 
HM/ll 

meal!):urements 
1, 2. 3. 

1. ~·5f0 -2.5 -LO 
� '·• ,,,; � 4 •<1 .2 -1.6 

,. 5,'.S 5.7 6,0 

4, •. 1.; ___ 0.6_ ... 1_.a. 

TM/MP 
moaauremants 

,, 2. 3. 
1. -5 .. 1 -3. 7 -0,7 

2, -1.0 --0� '.5 4.6 

3. -1. 1 0,3 1,1 

4. 1,0 1.8 2,9 

HM/MP 
m®&Buremanta 

1, 2, 3.
1, -0,3 1,1 -0.6 
2. -•1.3 0,7 4,0 

3. .. 1 ,8 0,2 -0,3 

4. .. o. 5 0,4 -1,5 

TM/RP 
me&.au:raments 

1, 2, :�. 
1, �5 .. 2 -2,9 ·-1, 4 
2 _. 

.. 2. ·3 -2 .. 0 2,2 

3, 1..6 2,3 4,6 

4. ... o" 2 O,tl 2�5 

Hli/HP 
m®&BUX'HfiH:H1 ts 

L 2. 3. 
1. 0,8 ·1 .. 8 O o U 

2, .• 2, 4 -0,1 4,5 

3. 0,4 0.8 -1.4 

4, ··2 ,6 0,0 -? • ·, 

AM/GSP 
m.es.auramante 

1. 2, 3. 
1. .• Q, 3 o.6 0,7 

2. 1.3 1, 3 1.0 

3, 0,2 0,5 -0.2 

4. --2. 7 -1,5 -0,2 

-·---·--

AM/!! 
mea.aureroents 

1. 2, 3. 
1, 0,5 -1, 4 0 .. 5 
2. -2 .3 o.o -·i ,() 
·5. 1.7 1,6 1.1 
4. ·· L 4 0,7 2,5 

Ali!/E 
miaaauramenta: 

1, 2, ;. 

1. 1. 1 0.2 2,3 

2, -1.4 -0,2 -1,6 

3. 2.0 2, 1 2,5

4. -3,2 -1.2 -2, 1 

�m••••~ 

AM/MP 
meaaurern.ents 

1, 2 ,. 3. 
1. 1. 1 1,8 ,. 2 

2. 1, 2 -0, 3 0,5 

3. -4,8 .. 2,2 -1. 4 

4. 1,0 1. 6 0,8 

AM/RP 
me&.eurement e 

1, 2 3. 
1, o. 1 1, 7 1,5 
2. 1. 1 LO 1. 2 

3. 1, 2 1. 5 - 1. ( 

4. -'5,9 -3,3 -0,6 

~"-···- -�-. .- ---�----·-·-···~··�-�-----

TIME/GSP 
m0aa11ro:::npe-:its 

1. 2. 3. 
1. 21.0 20,5 20,0 
2. 21,0 20.6 19, 9 

3. 20.6 20.2 19,5 
4. 20,0 20,3 1B.5 

SMOO'l'HNES S / GS}' 
mea3urenrnn t s 

1, 2, .. o�;L --0,? ·-·0,5 

2, • ..(),5 --0.il -0.7 

3, --0,5 ··-0, 1 .. o.:�
4. o. 5 . , .. (),1 CL5 

1'IME/H 
l�®.@.i&'tU"01l.W,il1t& 

1, 2, :3, 
!, 20,0 19,3 Hl,7 

2, 21,5 21. 7 20,0 

3, 20, 1 20,5 19, 3 
4, 21.0 19,fl 1ll. 7 

Sl!I001'HNESS/H 
llM\ll!.i!!tllC®fil@llt� 

1. 2. 3, 
1, 0,3 ~0,1 o.o 
2, ··0,6 -0,5 -o.6 

,. -0,:l -0,6 -0,3 
4, «-0,6 -0,3 o.o

T!!IIE/E 
'1l®311!Ul'®!ll@J:1t@ 

20:t 
2, ;. 

1. 20,4 19,7 

2. 2·1 .o 20,7 19.9

3, 19,5 19,7 18,6 

4, 21.5 20,5 19,3 

SMOO'£BNESS /E 
'1l@llll&ttr@l!!tlil t W 

-o.
1
t

2 3, 
1. --0.4 ··0,1 
2, •. 0.1 . .(). 3 ··0,3 
3, -~() ., :5 -0,4 -0,1 

4, ··0,7 -0,j -0,2 

TIME/M1' 
rn0amur@m@11tf:i 

21 }9 
2, 3. 

1. 21,7 20,4 

2, 20,5 20,0 18, 7 

,. 20.2 19,9 19,7

4, 20.0 19,7 19GO 

SMOOTilllBS:3/MP 
1lMllil.Buram,mta 

1, 2, 3, 
1. -o.e -0,8 -0,:'l 
2, -0,2 -0,5 ·-0, 4 
3. .• 0,3 --0. 1 .,.0,3 

�-. 0,0 0,0 0.2 

TD\E/RP 
mee,a11remente 

1, 2, 3. 1, 22,0 21, 1 20,3

2, 21,() 20,7 19,6 

3, 19,4 19,5 18,5 
4, 20� 2 20,.0 19, 1 
SMOO'rHNES S/HP 

m{:J&m,trreme:nta 

-/,·2 
2. 

-<f,61. -1,0 
2 • .. o. 3 .,.() ,. 4 ,.(),7 

3, 0,4 0.2 0,5 

4, -0,0 .. o. 2 ·-0,0 

�--===�=·-··�· '""'-" 

VEIOCITY/GSP VAlUUlILITY/GSP 
ms,uure:r.er.to meaaure:-ne':'lt s 

L 2, 3. 1, 2. 3,
1, 29. 1 30,0 30,2 L ·12 .8 12.8 n.6 
2. 29,4 30,4 30,5 2, 13,4 14.0 15,0 

3. 29,7 30. 3 30,9 3. 13,4 13,2 ·15 ,o 

4,.,29.7 29.7 31.8 4, 1L2 13,2 12,6 

LEG Tlt.'.JNG/GSP AllM SWING/GSP 
i�10a.surements 1'11Q)S.�UX'-01110JtltS 

1, 2, > 1, 2. 
., 

J• .,. 
1, 5,9 5.7 5,7 ·1. ··0,0 o. 1 o.o
2.r. 6,0 6,2 6,0 2. O,,] 0,4 0,2 

3, 5"8 6,0 5,3 3, 0,0 o, ·1 0,1 

4 • 5,4 5,4 '5, 3 4, --0, 2 ,,(),'! 0 .. 1 
,,-.c•�-,-�= v•um.-=rn•''- .. , .. ",.,",_", --�·- ··"-·"�•-.- -

VELOClTY/H \fARIAHII,lTY/ll 
rtl@�fu!U'.!!'.'®t¼l@!Jtfli ma•u•ur•tofH1t.a 

L 2, 3 L 2" j ,_ 

L t'.8�8 29.7 w., I. 1 ·1 •. e 12 ,.5 \). 6 
2, 2fl."I 28,4 29,6 2c, 12,6 13 4 13 ,7 

3, ,0,2 30,0 3L2 3' 13,.1 1:LO r, a2 

4, 'JO, 7 32,3 �2.2 4, 1' ,4 14. 5 15,7 

LEG Tili!ING/H AhM SWllW/H 
m.®&W:u.rom@n:t@ w.@w.@u1�®1'&'-®r.ti@ 

1, 2, 3. 1. 2. ,.
1. 6,2 6,1 5,8 'i

,., (l, 1 .,0.1 o.o 

2, 5,2 5,4 4,8 2, ,.(),1 0,0 ,.o. 1 

3, 5,9 5,2 5,6 :5. O,;l 0,4 0.2 

4, 6,0 5{+8 6.0 4, ·-0,2 0,2 0,4 

VELOCITY/E VAH!AllILITY /JoJ 
meamuraru,mtil lll0®'ilUE°®l!l@iltii 

w:t 
2. ,. 1. 2, ,. 

1, 29.4 ,0.2 1. ·12.6 12,8 15,0 

2, W,7 29,0 29,8 2, 12.,3 13, 1 13,3 

3, 31,fl ·12, 0 3:LO 3. 14,,2 14,6 1L4 
4, 28�8 30,0 30,4 4,, 11.3 12,tl 11 _, 5 

LEG I'IMINC/E ARM sw:rna/E 
ro@®'Bwt@ment� l1i®litllffU:'®-lll8l'.lt@ 

1. 2. 3, 1. 2, '3. 
1, 6,7 6,6 6,1 1. o., o.o 0,3 

2, 5,9 5,.7 5,2 2, ... (),1 0, 1 .,o,o

3, 5,2 �L 2 �L,6 3, o .. 3 o •• 0,4 

4. 5.6 5,8 5,4 4. ,.(). 2 0,0 ···0,2 -�"" ··"-·-•-•«· ···��, ... ,.,.,._ ,.,, -•�,>� 

YlnOCITY/MI' VA!UABU,.l'n /l!P 
m@::t5ureru@ntili m.la®.!&l.U'\)lll€H1t9 

1, 2, 3' 1. 2, 3, 
1, 28,3 W,7 29,B 1. 13,0 13 ,0 1:1,2 
2, 29,6 30,4 32,4 2. 12,6 n.:i 14,4 
3. 29,5 30.4 30,4 3, n.o n,4 14, l 
4, 30,4 30,8 30,B 4, 12,3 13 ,6 14,4 

LEG TIMING/MP AHM S\\'ING/MP 
m,ia@urem,mte m.aa,&u..x�emeutm 

1' 2, :3. 1, 2. ,.
1, 5,9 6,0 �) 11 6 L 0,3 0,4 0.2 

2, 6,1 5.9 5,7 2' 0._5 0,1 0,3 
3, 6, 1 :� _.8 5,6 3 ., 

··0,7 ,,0,3 ,=0., 2 

4, 5,3 5 ' ,J 5,4 4, 0,2 0,3 O,l 

WID'l'H/GSP 
meaaur@rn.�nte

1. 2, 3, 
1, n.2 12,5 13,3 

2, 13,? 13,6 13,2 

, . 14,3 13,5 13, 7 
4, 12,'7 12,8 12 .1 

ARM TUIING/GSP 
ml\%&.UJur@\�.antwi 

L 3. 
·1, 0,2 0,4 
2, (), 4 0.1 0,2 

3o 0,0 0,2 --·0,3 
4, --0, 7 .,Q, 3 ~0,2 

WIIY!'H/lt 
iXlBH0.�U:R'0!:&@s1t@ 

1. 2, 3, 
!, l2 "3 12,5 12,4 

; i, ·12,6 12,() 11, 7 

3,. l4, 1 1' .. '? 13 �

4, 14,B 15 .1 14.6

Al!M 'rl\UWG/H 
>:l@!UI\Ul'@-nttill 

·1, 2. 3.
l,, 0,3 -0,2 0,3 

2. -0,5 0,2 -1,0 
'-' .,. 0,3 o,:, 0,3 

4, •• o, i 0,0 0,6

WID'l'H/E 
l!l@lil.@Ul"@l'.lt<llJ:1il!! 

1, 2. ,.
L 12,5 12.5 12,:! 
2, 13,2 12,5 il!,8 

3, 14,'7 U-,4 14,4

4, 1:5,:5 n,4 12,8 

AHM TlMlNG/E 
m@amux-ermen'.lt8 

1. 2. 3, 
1, 0,6 o., 0,7 

2, -·O, 1 ,,0,1 .{),6 

·,' (), 4 0,5 0.4

4." • {). B ·C•, 3 ·O, 3 ·~,,.-�� ., ... � .. ---,.��--.. ' ·-�-�- "' 
'II I!J1'l! /Rff 

'fu®�BUl.'6ltH.Y11t® 
1, 2. 3,

1, 13 ,9 n.·, 13, 1 
2, n,6 13,3 13,7 

3, 12,9 13, 4 13,1 
4, 1:l,5 12.8 12,4 

ARM 'l'IMIIIG/MP 
m®lii.t!UT®1'\®!1tll 

1, 2, 3, 
L 0,3 0,6 0,4 
2, 0,1 --0.2 -0,2 

·5' ,,0,8 ,,0,3 --0,2 

4, o. 4 0,3 0,2
,,s-•�,P��-,•~•--••-••' 

V1,WCITY/Hl' VA HIABILI'rY/RP WIDTH/HP 
ooiaatro.r�mentm r)1@&®ut"6m@nt%i !TI®li\r&UJ/''3!/l@Utll! 

1. 2, 3, 1. 2. 3, 3, 
1, 28 11 6 29,6 :29,7 1, r,.0 1:5,0 14, 1 L ,7 ·13,7 
2, 28,9 29" 7 3·1,a 2 • ·12.0 13,6 14,B 2 � n ,o n.o 13,8 

3, 30,7 30,6 3L:� ·5 � ·11. 7 13,3 13,9 3, 14,1 1),2 12,7 
4, 29, 7 30,5 30,5 4, 1 ;? , 4 13d 13,4 4, i3,0 1::1,2 12,2 

LEG TPHNG/HP AHM SWllW/112 AHIA 'l'IMING/RP 
rne0.sux·�ment1;:1 ff1®&8U:t'.'!8ift.@Dt� \'.f.1.8fit@U:r®m0!1t@ 

1. 2. 3' L 2, 3, 1. 2, 3, 
1, 5,$9 5,7 5" 5 ·1, o, 1 o. :5 o.) 1, 0,1 0,6 0.4 

2, 6,0 :i,8 5,6 2 ,, 0,, i o. ·1 0,2 2, 0,5 0,5 0,3 
:L 5G6 5 ,,6 5,7 3. o.:s 0,3 (),0 :, . 0,2 0,3 ·-0,4 
4, 6,0 6,1 �L5 4, '"Oc.4 • .,()

❖ 2 (),() a, ,-.t),H ··1,0 -0, 1 
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Table 5.

The significance of F-ratios in the analyses of variance by using the two 

variate model with repeated measurements in one variate 

Tiependent factors and variables 

Independent, 
,£1 

grouping factor (j) . co •r-1 
s 0 QO Pi 

•r-1 0 f-.1 i;::: f-.1 •r-1 
o,--..., +> ,-{ 0 ,-.._ ·rl o,.,--__ 4-1 
+> � (j) 

6� s 6 1B 0 
08 i;::: l> •r-1 ·r-1 
co '--' 0 co '--" +> CO'--" .£l 

! 

i. 

Ix; •r-1 
@ Ix; Ix; +> 

;_1 
+> s 

. 0 (j) . f-.1 . •r-1 

� � c-- <G aJ ::.s 

1. General strength-power

GSP

measurement effect 1% 1% 1% - - - - 5% 
simple main effect 5% 5% 5% - - - - -

(groups) (3,4) (4) (4) - - - - -

2. Height H

group effect - - 5% - - 1% 1% -

measm. effect 1% 1% 1% - - - - 5% 
interaction - - - 5% 5% - - -

simple main effect 5% 5% 5% - 5% - - -

(groups) (2,4) (1,2,4) (1,2,4) - (2) - - -

3. Endurance E

group effect - - 1% - - 1% 5% 1% 
measm. effect 1% 1% 1% - - - - 5% 
interaction - - - - - - - 5% 
simple main effect 5% 5% 5% - - 5% - 5% 
(groups) (3' 4) (4) ( 1 , 4) - - ( 1 ) - ( 1 , 3) 

4. Moving power MP

measm. effect 1% 1% 1% - - - - 5% 
interaction - - 5% - - - - -

simple main effect 5% 5% 5% - - 5% - -

(groups) ( 1 , 2) ( 1 , 2) ( 1 , 2) - - (2) - -

5. Running power RP

measm. effect 1% 1% 1% - - - - 5% 

interaction - - 5% - - 1 % 1% -

simple main effect 5% 5% 5% - - - 5% 5% 

(groups) ( 1 , 2) ( 1 , 2) (2) - - - (3) (2)
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interactions and the simple main effect of measurement at each fitness 

level (Figure 2). The 5 % level of significance for F-ratios was used 

here. 

There were a few significant interactions, two of which were logically 

interpretable, viz. Moving power (MP)/measurement effect, and Running 

power (RP)/measurement effect, the former in the scores of mean velocity 

and the latter in the scores of width of path. Groups 1 and 2 (the 

lowest level) of MP speeded up their performance notably from the second 

to the third measurement, which indicated the treatment effect, while 

groups 3 and 4 remained much the same. In groups 1 and 2 of RP 9 width 

of path increased while in groups 3 and 4 the mean scores of this variable 

decreased. Analyses at the factor level reflected similar significant 

interactions, but the score alterations were not equally clear. The few 

interactions thus give partial support to the second hypothesis. 

As to the simple main effects, the scores of Tempo factor increased 

significantly in groups 3 and 4 (the highest level) of General strength

power and Endurance, and in groups 1 and 2 of Movin� power and Running 

power. The decrease in the performance time at the variable level is 

significant in group 4 of GSP and E, as well as in groups 1 and 2 of 

MP and RP. The changes in the velocity scores also support these results, 

because group 4 of GSP and groups 1 and 4 of E, as well as groups 1 and 

2 of MP and group 2 of RP, increased the speed of their performance. 

The alteration in the score from the second to the third measurement is 

greatest in group 4 of the GSP factor. The change in the low group of E

might be related with the increase in the score of velocity variability 

(there also appeared an increasingly negative correlation between the 

variables). 

The most marked changes in the correlation coefficients (table 1) appeared 

as increases in those between motion velocity variability and the 

Endurance factor (negative) or working heart rate (positive), and in 

those between width of path and Running power (negative), from the first 

and second measurement to the third. These changes indicate the phe

nomenon described above in the analyses of variance. 
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Figure 2 .. 

Prof'iles :r or repeated measur«nnen ts s. t the levels of f i tnese f ao tors., 
The graphical presentation includes significant main effeets, simple main 
@ffeot11 ( o) and interactions obtained by means of a.nalyaes of varianci® «

�2 TM .., Tempo of mot.ion, HM "" heaviness of motion, GSP "' Gen�ra.l 
strength-power, H � Height, E � Endurance, MP • Moving power 1 RP � Running 
pow�r .. o � The level with signifio�nt simple main effect. 
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5.4. Summary and interpretation of results 

The results indicate that 

18. 

1. the performance of the stepping movement speeded up significantly

between the second and third measurements; when the treatment by a short

physical exertion occurred (main effects). This was true of each group

representing different levels of physical fitness. The result supports

the hypothesis. Nevertheless, the change was also very notable from the

first to the second measurement in some cases, which might be due to
1 the warm-up' effect observed many times in laboratory experiments; 

2. in the groups with low scores in the power factors (MP and RP) the

Tempo score, mean velocity and width of path increased, whereas in the

groups with high scores in MP and RP the mean velocity remained at the

same level while the width of path decreased (interactions and simple

main effects). The alterations of scores representing tempo contra

dicted the second hypothesis. The increase (groups 1 and 2) and decrease

(groups 3 and 4) in the scores of width of path were partly in accordance

with the hypothesis;

3. groups 3 and 4 of GSP and E showed an increase in the scores of

Tempo, and groups 4 of GSP and E a  decrease in those of time of motion.

The other groups showed no appreciable change in their means (inter

actions and simple main effects). In general, the results supported the

hypothesis; yet groups 3 of GSP and 4 of E speeded up their mean

performance to the same extent during the first and second period;

4. the variables representing more distincly the variability of acceleration

were also affected by the experimental situation, but the changes were

neither consistent nor interpretable.

In short, the low scores in power and the bigh scores in general fitness 

and endurance were related with great increases in the scores for tempo 

of movement, while the high scores on power and the low scores in general 

fitness and endurance were associated with small increments in the scores 

for tempo. This may be explained by the differences between the subjects 

in specific components of physical fitness on one hand, and, correspon

dingly, by specific requirements in the performance of the task on the 

other. The muscular exertion evidently increased the activation level 

of most of subjects in the higher groups of GSP and E, but not so much 

in the lower groups, owing to the co-effects of fatigue and arousal. 
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Power factors represented fitness characteristics needed, for example, 

in stepping movements, and they were loaded by such variables as weight, 

bench press, agility run, grade in other sports and standing broad jump. 

The subjects with low scores in power tended to speed up their performance 

considerably when affected by the load. 

As regards the regularity of movement, it seems that either the treatment 

was not very effective in producing fatigue, or the variables representing 

it were not very sensitive. However, the score alterations of width of 

path in the groups 1 and 2 of RP may be tentatively interpreted as 

indications of fatigue. Groups 1 and 2 aided their performance by 

tilting the head and upper trunk forward noticeably during the starting 

phase of the task (after exertion), while in groups 3 and 4 the tilt 

was slighter after than before exertion. 

The results described here may also be interpreted within the broad 

framework of general models which describe the relationship between 

the levels of activation and the characteristics of motor performance 

in an organism (Hebb, 1955; nuffy, 1957, 268; 1962, 17 and 140; neese, 

196 2). 
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