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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. The 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 phywical 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 ohserver 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 fatigue 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), whercas 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 mscular 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



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

4.17. 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 Jyvéskyld, 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/
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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, 1961; 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 .78, 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



Figure 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.

Bl
]
; @
| %
i 0
|
0
o)
o)
i
o)
N
9 2
b =
//o =
// )
o)

[~ \ -
¢ P2
\\ —\4
<
é ‘g’ q:'&cwM ———
l o o
A o f
| F
| %
Foo 355 ]




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 secs; "Loop the loop", McCloy & Young, 1954)
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9. Chins (number of pulls in 20 s.; 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 (ﬁstrand, 1961)
13, School grade in gymnastics (Teacher rating, 7-point scale)

14, School grade in nther sports (Teacher rating, 7-point scale)

4.%3. BExperimental procedures

The subjects were 84 male teacher trainees at the University of Jyvis-

kyld with an age range of 254-429 months.

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

hand grip, standing broad Jjump, 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.

Anthropo- Fixing o Movement trials Ergome~ 8
metric reflecting| .9 1[2 3’4 50617 | v o ter
+° i &0 [STE ]
measure- markers § no |re- bog " 2 é o test2 o | Movement
® o n
ments e cord- | alg|g -~ o| (phys. S | trial
[0} . | O | g IS g
s ing ST |8 g2 exerc. ) (recorded)
i o~ (O Ko RO
’ ol 7lo |+ &
OO
| [slsls
2 2 5-6 2 6 1 %

Approximate time in minutes

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,



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.8. product-moment correlations, principal factor solution, varimax
rotation, oblique rotation (Promax), and factor scores for each subject
(IBM 19673 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 the two-variate model

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

For two dependent variables (smoothness of path and arm swing) the
guantification 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 gpecific levels (factor/variable, variable/variable); this
approach is particularly useful when the phenomenon is restrieted in
scope, or when its weak intensity prevents its appearance in complex

contexts,

5. Results and interpretations

5.1, Pactor 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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10.

The independent variables yielded five factors (Table 2)

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 & Pitkéinen, 1964/1965).

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

and hand grip. Thus we are obviously dealing with moving power (Kirjonen
& Pitk#nen, 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

run, 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.

Fach 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




Table 2.

Rotated factor matrices:

Age

Weight

Height
Height-Sitting height
Hand grip

Standing broad jump
Bench press

Agility run

Chins

Knee bend

Working heart rate
Max. oxygen up take
Grade in gymnastics

Grade in other sports

Eigenvalues

% of starting
communality

Factors:

-37
-38

-09

16
57
34
25
82
34
14
20

varimax

12
40
91
89
29
23
-10

01

=21

-17

=17
=04

2.0

1. General strength-power GSP

2, Height H
3. Bndurance E
4. Moving power MP

5« Running power RP

1.

and promax solution, independent variables,

arimazx

3.
-30
-09

10

06

08

o7

00
08
05
-83
84
-06
00

E
1.5

4.
26
72
16
00
37
08
7
00
05
20

-10

-14
12
12

MP
1.4

Correlations between oblique Factors:

MP
RP

5.
01
-02
-02
~09
13
53
22
64
28
43
15
20
34
65

RP
1.6

GSP
-22
16
02
63

28
84
88
80
26
66
78
46
7
38
76
81
48
44

24,2 24.2 18.1 16.9 19.4 102,8

H

21
19
-14

1. 2,
-38 18
-38 25
-01 92

08 93

19 25

50 30

38 -18

02 05

91 01

22 =22

15 =04

08 =-10

56 =12
-20 -05
GSP H
(Starting

E

-14
02

Promax

MP

28

3. 4. 5.
-21 27 09
01 72 03
01 07 06
-07 =08 402
07 36 04
-01 =01 41
-01 81 =06
-01 =11 70
-01 05 =05
08 18 32
-86 =15 15
84 =-14 18
-10 11 13
04 01 76
B MP RP
communalitys
8.28)
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Table 3.

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

Varimax Promax

6. 7. 8. n° 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 o7 03 17 =06 06
Arm swing 01 82 =16 70 -06 83 =09
Arm timing 14 83 ~01 71 05 84 06

™ AM HM ™ 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
Factors: Correlations between oblique factors:
6. Tempo of motion TM ™ AM
7. Auxiliary arm movements AM AM 26

8. Heaviness of motion HM HM 12 14
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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 motion wvelocity 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 "variability" (variability of acceleration and expansion of movement)
dimension of the performance., Certain observable traits in flexing the
big Jjoints 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,
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The meens of the dependent wvariables (factor geores and variswle scores)
at the different levels (groups 1 = 4) of each imdependent fitness factor.
Dependent factors: Tempo of motiom, TH; Auxiliaxry arm wovements, AM;

Heaviness of
GSP; Height,

motion, HM,

Tndependent factors: General strength-power,

Hy; Endurance, Ej Moving

power, MP; Running wewer, R,

TH/GSP AK/GSP TIME/GSP VELOCITY/GSP VARIABILITY/GSP WIDTH/GSP
meagurenents meagurements measurements meagurznents meagurenenty meagurements
. 2. 3 1. 2. 3 1, 2. 3. 1, 2. 3. 1, 2., 3. * 1, 2., 3,
1, «-2.% ~0.5 0,4 1, ~0.3 0.6 0.7{ 1. 21.0 20,5 20,0 1, 29,1 30,0 30,2 1. 12.8 12.8 i%.6 1. 135.2 12,5 13,3
2, «2.% «1.5 0.4 2., 1.3 1.3 1.0f{ 2, 21.0 20.6 19.9 2, 29,4 30.4 30.5 2, 15.4 14.0 15,0 2. 13,7 15.6 13,2
3, ~1.5 0.2 1,6 3, 0,2 0,5 ~0.2} 3, 20.6 20.2 19,5 3, 29.7 %0.3 30.9 3. 13.4 13,2 15.0 3. 14,3 13.5 13.7
4, 0.0 0.0 5,5 4, «2,7 =1,5 =0.2} 4., 20,0 20,3 18.5 4.029,7 29,7 31.8 4. 11.2 3.2 12,6 4, 12.7 12,8 12,1
HM/GSP SMOOTHKESS /GST LEG TIKING/GSP LRIE SWING/GSP ARM TIMING/GSP
mne&suremsnis mesgurenants measurenents meagurenents neapurerants
1. 2. 3 1, 2, 3 1. 2. B, 1, 2. 4. e 2. 3,
1o =1,6 «0,% -0.1 1. «0.7 ~0.5 ~05% 1. 5.9 5.7 517 1. -0.0 0.1 0.0 . 0.2 0,4 0.4
2. 0.2 2.6 1.3 2, «0,5 «0,3 ~0.,7 2. 6.0 6.2 6.0 2. 0.5 0.4 0.2 2, 0.4 0.1 0,2
3, 0.7 0.4 1.7 3, 0,5 ~0.1 «0,% 3., 5.8 6,0 5,35 3. 0.0 0,1 0.1 %5 0.0 0.2 «0.3
§, »5,2 =0,2 =1,2 4, 0.5 «0.1 0.5 4, 5.4 5.4 5,35 4, -0.2 <07 0.t 4, «0.7 0.3 «0,2
TH /8 AR /M T IME /M VELOG XTY M FARIABILITY/H WIDTH/H
measurenants mesaursnents ] BeA WU ERNINLY weaBurernsnte massureswenies BEEBURFERENTE
1, 2. 3. 1. 2, 3. 16 2 3 1 2, 3. te 2,0 5o T, 2, 3
1, «0,9 0.9 2,7 1. 0,5 -1.4 0,50 'e 20,0 19,3 18,7 1. 28,8 29.7 30,35 1. 1.8 12,5 15,8 1, i2.3 12.5 12.4
2. ~4,5 «4,0 0.2 2, 2.3 0,0 _5,0] 20 29,5 21,7 20,0 2, 28,1 28,4 29.6 2. 12,6 15.4 13.7 2, 12.6 12.0 11.7
3, 0.1 -1,0 2.4 5. 4.7 1.6 q,1] 3. 20.1 20.5% 19.5 3. 30.2 30.0 31,2 5. 3.1 5.0 93,2 5. 4.1 h2 43
4, =1.1 2.4 3,0 4, _q,4 0.7 2,5| 4. 21.0 19.8 18,7 4. 3.7 32,35 52.2 4. 1E.4 14,5 05,7 4, 14,8 15.1 14.6
HM /8 SMOOTHKESS /H LEG TIKING/B AR SWIRG/H A T INING /H
neasursKents measgurenants NERBUATERENTLH HEBBUYSRENER usapurenentsy
1. 2, 3, Ts 2, 3. o 2, Fa i 2, 3¢ te 26 3o
1. -5,% 3.7 23,0 10 0.3 «0,1 0.0 1. 6.2 6.7 5.8 1. 0.1 =0.1 0.0 1. 0.5 «0.2 .3
2, 5,5 ~2.3 2.5 2. «0,6 «0,5 «0.6 2, 5.2 5.4 4,8 2, «0s1 U0 ~0s1 2, ~0:5 062 ~1,0
3. 0.7 1.6 1.4 3. 0,3 «0.6 0.5 3. 5.9 5.2 5.6 3. 0.3 0.4 0.2 Fo 0.5 €3 0.3
4. 4.0 6.8 5.7 4y, =06 =0,3 0.0 4o 6,0 5.8 6.0 do =0.2 002 0.4 4, =01 0,0 0.6
TH/E AN/E TIME/E VELOCITY/E VARIABILITY /B WIDTH/E
neasurements EB&EUYGPGHtH neasurements neasurenents nessurenentsy NEQJUL RSN LB
1.2, 8, 1. 2, 3. 1 2, 3 1 2, 3, 1o 2, 3. o 2. 3,
1. =1o7 =0.8 1.1 1. 1.1 0.2 2.3| 1. 20.¢ 20.4 1907 1, 28.6 29.4 3002 1. 12.6 12.8 15.0 1. 12.5 12,5 12.3
2, ~8,% «1,3 0.1 2, =1.4 ~0,2 -1,6] 2, 21,0 26,7 19.9 2. 28,7 29,0 29.8 2. 12.8 5.7 13,53 &. 3.2 12.5 12.8
B, 1.8 1.5 5.2 3, 2,0 2.1 2.5] 3, 19,5 19.7 18.6 3, 31.8 42,0 53,0 3, 14,2 i4.6 16.4 %, 14,7 4.4 1d.4
4, ~3,8 «1.2 1.4 4. =3,2 ~1.2 =2.1] 4o 21,5 20,5 19,3 4, 28.8 50,0 3504 4. 11.3% 12.8 11,5 4. 3.5 13.4 12.8
HH /1 SMOOTRRESS /& LEG TIMINC/E AR SWING/E AN TIMING/E
measurenanta neasurenenty nessurements L8R BpULement s NEABULENENte
1. 2. 3, i 2 3, 1, 2, 3, . 2. 3. . 2. 3,
1, ~5,0 «2,5 =1.0 1. ~0.1 ~0.4 ~071 e B.T 6.6 E.% 1. 0.1 0.0 0.4 1. 0a6 0.3 0.7
2, <3,1 «1.2 «1.6 2, «061 «0,% «0.%5 2, 5.9 5.7 5.8 2, =0s1 0,1 «0,0 2u «0at 0.1 «0.6
3,085,5 5.7 6.0 3. 0.3 <0.4 <0,1 %, 5,2 5,2 5,6 3. 0.3 0.4 U.4 3. 0,4 0.5 0.4
4, ~1.3 0.6 ~1.8 e =007 =03 «0.2 4y 5,6 5.8 5,4 4. ~0.2 0,0 ~0,2 4§, =0.8 0,3 0,5
TH/MP AM/BP TIME /MP VELOCITY /8P VARTABILIAY /MP W TDIH YT
meesuranants measurements nesBureNenty measuréments MERSUTSNENTY neasurenents
1, 2, 3. 1. 2. 3. 1 2, 3, T 2. 5, Te 2, 3e 1o 2. Je
1o «5.1 =3.7 <0.7 1. 1.1 1.8 1,2| 1. 21.9 21,7 20,4 1, 28,3 28,7 29,8 1. 13,0 13,0 15,2 1. 13,9 13,3 13.1
2, ~1,0 ~0.5 4.6 2, 1.2 ~0.3 0.5 2. 20.5 20,0 18,7 2. 29.6 30.4 32,4 2. 12,8 3.3 14.4 2. 1%.6 13.3 13,7
3. =11 0.3 1.1 3. ~4.8 «2.2 -1.4[ 3. 20,2 19.9 19.7 3, 29,5 30,4 80.4 5. 1%.0 15,4 14,1 3, 12.9 13.4 13.1
4, 1,0 1.8 2,9 4. 1,0 1.6 0.8/ 4. 20.0 19,7 19,0 4. 30.4 30,8 30.8 4, 12.% 3.6 14.4 4, 13,5 12.8 12.4
Ky /MP SMO®THNES S /MP LEG TIMLIRG /MP ARM SWING/RP LRE TIMING /MP
measurensnty resguUrenenty megouremnents nessuienents measurenents
1. 2. 3, 1. 26 3. 1, 2. 30 1 2e 50 T 2, 3
1, ~0,% 1.1 «0.6 1, ~0,8 «0,8 «0,3 1, 5.9 6.0 5,56 1. 0.3 0.4 0.2 1. 0.3 0.6 0.4
2, ~1.% 0,7 4.0 2, ~0.2 ~0.5 8.4 2, 6.1 5,9 5,7 2. 0.5 0«1 0.5 2, €.1 ~0.2 0.2
%, «1.8 0.2 -0,3 3, 8.3 0,1 0.3 Fu 61 5.8 5.6 B 0,7 «0,% «0,2 F, «0e8 wD,F «0,2
4, «0,5 0,4 ~1.5 4, 0.0 0.0 0,2 4, 5,3 5,5 5,4 4, 0.2 0,3 0,5 4, 0.4 0,3 0,2
™/RP AM/RP TINE/RP VEIOCITY /RP VARTABILYTY/RY WIDTH/RP
maaauremants' me&suremehte_ nezgmrements meagurenents neLFUTENGREH KO FULSIENES
1. 2. 3. . 2. 3. Voo o adn 1. 2. 3. 1. 2. 3. f. 2. 3.
1, «5,2 2,9 ~1,4 1, 0.1 1,7 1.5 1. 22,0 21,1 80,3 1. 286 29.6 29,7 1. 13.8 19.0 14.1 1. 3.7 13.% 13.7
2. w2.% 2.0 2.2 2, 1.1 1,0 1.2/ 2. 21,0 20,7 19.6 2. 28,9 29.7 31.8 2., 12,0 i%.6 14.8 2. 1%.0 13,0 13,8
B, 1.6 2.% 4.6 3, 1,2 1,5 «1.0 3. 19.4 19.5 18.5 3, 30,7 30,6 3t.% F, 12T 13,3 13.9 %, 14,1 13,2 2.7
4, -80.2 0.8 2,5 4o =5.9 «%,3 «0.6 4. 20.2 26,0 19.1 4. 2907 30.5 30.5 4. 1Z.4 15,5 3.4 4k, 19,0 13,2 12,2
HH/RP SMOOTHNES S /8P LEG TIMING /RP AWM SWING/RP ARBE T IMING /P
bwemur@mer\i.s_ me&BUrensnty MEBBUNLEMENTH NGREVUTEMSNE & meagurenents
1. 2. 3. 1. 2, (;G te. 2, 3. 1o 2. 3. 1. 2. 3.
1. 0.8 1.8 0,8 Te <162 =10 0.6 1. 5.9 5,7 5.5 4, 0.1 0.3 0.3 1. 0.1 0.6 0.4
2, «2.4 ~0.1 4.5 20 «0.8 0,4 «0,7 2, 6,0 5,8 5,6 2. 0.1 0.9 0.2 2, 0.5 0.5 0.3
3, 0.4 0.8 ~1.4 3, 0.4 0.2 0.5 3. 5.6 5.6 5.7 H. 0.5 03 0.0 3. 0.2 0.3 0.4
4, «2.6 0,0 ~2,% e ~0.0 «0,2 ~0.0 4, 6.0 6,7 5,5 4, ~0.4 «0.2 0.0 &, «0.8 «1,0 ~0,1




Table 5.

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

variate model with repeated measurements in one variate

15.

Independent,

grouping factor

Dependent factors and variables

Factor
(M)

6.

Motion time

Mean wveloc.

7. Factor

Arm timing

Factor
(1)

8.

Width of path

M.variability

5e

General strength-power
GSP

measurement effect
simple main effect
(groups)

Height H

group effect

measm., effect
interaction

simple main effect
(groups)

Endurance E

group effect
effect

interaction

meas,.

simple main effect
(groups)

Moving power MP
measm, effect
interaction

simple main effect
(groups)

Running power RP
measm, effect
interaction

simple main effect

(groups)

1%
5%
(3,4)

5%
(1,2,4)

1%
5%

5%

1%
5%
5%

1%
5%

5%
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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, width

of path increased while in groups % and 4 the mean scores of this wvariable
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 1eve1) of General strength-

power and Endurance, and in groups 1 and 2 of Moving power and Running

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

gsignificant 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 B, 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 wvariability 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,

Profiles for repested measurements at the levels of fitness faotors.

The graphical presentation includes significant main effects, mimple main
effsots ( ¢ ) and interactions obtained by means of snalyses of variance.
Symbolegs TM = Tempo of motion, BM = heaviness of motion, GSP = General
strengthepower, H = Heighty, B = Endursnce, MP = Moving power, RP = Running
power. ¢ = The level with significsnt simple main effest.
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5.4, Summary and interpretation of results

The results indicate that

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

'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 high 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; Duffy, 1957, 268; 1962, 17 and 140; Deese,
1962).
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