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ABSTRACT

In this paper, some very useful non-linear-relation procedures are actualized. The
authors have defined the characteristic correlations between a set of anthropological
characteristics (14 anthropometric and 14 motor-endurance status variables) and a set
of psycho-physiological exercise-responses during the hi-lo and during the step aerobic
dance training (heart rate, lactate concentration and rating of the perceived exertion).
60 healthy females served as the sample of subjects (mean age 21+1.4 years). The experi-
ment consisted of two parts. In the first one, the linear correlations between the two sets
of the variables were established. In the second part, non-linear (squared) relations, be-
tween the variables of the two sets were calculated. Results confirm the statement that
the non-linear correlations, in some cases, better determinate the real nature of the rela-
tions between the variables, than linear correlation models.

Key words: fitness status, RPE, heart rate, lactate concentration, non-linear corre-
lation model, factor analysis

Introduction

Defining the correlations between and
within different anthropological dimen-
sions is a problem often investigated. Re-
lations between motor and endurance
status — on the one hand, and some other
anthropological dimensions — on the other,
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are frequently described'-3. However, all
the mentioned studies calculated the lin-
ear correlation models (univariate or
multivariate). But, in the last few years
the growing interest for the non-linear
models usage in sport sciences has been
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noticed*®. In kinesiology, a deficiency of
the non-linear methodological procedures
is obvious. Nevertheless, the authors of
the present study share the opinion that
the non-linear models can be »a step for-
ward«. In some cases, with certain signifi-
cance, the nature of non-linear relation-
ships between the variables could be ob-
served and explained. For example, Am-
brozié® clearly and logically explains the
established correlation model between
the body height—stature, as a criterion,
and calf circumference, as a predictor, in
the calculated square-function-model. The
relation between the stature and calf cir-
cumference, is described following the lo-
gic of the square surface calculation (nr2).
Consequently, stature and body weight
are highly correlated. »Calf surface« con-
quers the body weight. Further, »calf-sur-
face« (in the morphological testing non-
directly determined by calf-circumference
measuring) can be approximately defined
as a square surface-magnifying as the
square-function of the radius, which fi-
nally determines the square-non-linear
relation between the calf circumference
and stature. The assumption is that a
sort of the non-linear correlation exists
within some of the motor dimensions, be-
tween motor and morphological dimen-
sions, and as supposed, between some an-
thropological dimensions and psycho-
physiological responses to exercise.

Problem

Dance aerobic programs, are one of
the most popular recreational physical-
exercise programs in the world nowa-
days’. Reasons for this fact can be found
in its investigated and proven transfor-
mational effectiveness, as well as in the
supported motivational base®!. Of the
numerous types of dance aerobic pro-
grams, step aerobic and hi-lo aerobic, are
probably the best known of all. However,
for a complete understanding and expla-
nation of the aerobic-dance-phenomenon
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and training-effects possibilities, a deter-
mination of the aerobic dance influence —
on the anthropologically different subject
-is necessary. A subject’s anthropological
status dimensions directly determinate
the psycho-physiological-responses (PPR)
on the exercise-workload. Measuring the
PPR, the training instructor, or the sub-
ject himself (herself), is able to determi-
nate the adequacy of the training-load.
The main scope is on the health-rela-
ted-adequacy, and also, the transforma-
tional-adequacy’®!2. Often, up-front in-
formation of the PPR for the certain
subject has to be given. Advanced knowl-
edge of PPR is probably one of the most
important training factors for a group’s
training activities (very much like aero-
bic dance training), because of the impos-
sibility of measuring all the subjects’
PPR. Sekulié!® defined a certain number
of the characteristic relations between
the selected dimensions of the anthropo-
logical status and a set of PPR generated
by hi-lo and step aerobic training. Some
relations still exist as unexplained, prob-
ably because of the exclusive use of the
linear canonical and regression models.

The present study was aimed at inves-
tigating the significance and the charac-
ter of the linear and non-linear ratios be-
tween some anthropological dimensions
and the psycho-physiological responses of
the hi-lo and step aerobic-dance training
workout. The idea was to establish and
describe the quantity of the anthropologi-
cal dimension’s influence on the nature of
the psycho-physiological responses of the
mentioned exercise programs.

Materials and Methods

Subjects and variables

60 females (mean age 21+1.4 years)
sampled from the regular recreational
aerobic dance participants. All subjects
were familiar with the aerobic dance rou-
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tines (from 1 month to 4 years of aero-
bic-dance-training participation).

The sample of the variables consisted
of two sets. Anthropological status (1%
set) was determined by 14 anthropomet-
rics variables (body height — STATURE,
arm length — ARM L, leg length — LEG L,
reach height — REACH H, body weight —
BW, upper arm circumference — UPPER-
ARM C, thigh circumference — THIGH C,
calf circumference — CALF C, femur
breadth — FEMUR B, humerus breadth —
HUMERUS B, biacromial breadth -
BIACROMIAL B, suprailiac skin fold —
SUPRAILIAC SF, triceps skinfold — TRI-
CEPS SF, thigh skinfold — THIGH SF, 10
motor tests (determination of the rhythm
coordination — DRUM, agility — SHUT-
TLE, power — SARGENT and MED-BALL,
frequency of the movement — HAND-
TAPPING and FOOTTAPPING, strength
— SIT-UPS, PUSH-UPS and SQUATS),
and one aerobic-endurance test (multi-
level fitness test — BEEP),

The measurement techniques were si-
milar to those of Bobo and Yarborough!4,
Migigoj-Durakovi¢!®, Grant et al.'® and
Anderson'’. Five experienced judges de-
termined the characteristic technique
and aerobic dance performance-quality of
each subject, using videotaped material
(TECHhAi-lo, QUALhAi-lo, TECHstep, QUAL
-step).

The characteristic psycho-physiologi-
cal responses (2" set) was determined by:
average heart rate during the cardio ses-
sion of the hi-lo aerobic dance training
(HRhi-lo) and step training (HRstep),
acute lactate concentration at the end of
the cardio session of each aerobic dance
training workout (LACThi-lo and LACT-
step) and the »rating of the perceived ex-
ertion« (RPEhAi-lo and RPEstep). Heart
rate was measured using the POLAR
ACCUREX PLUS heart rate monitor
(metric characteristics of the instrument
determinated by Boudet & Chamoix??),
lactate concentration was measured us-

ing the BOEHRINGER MANHEIM
ACCUSPORT portable lactate analysator
(metric characteristics of the instrument
determinate by Bishop!®), and the RPE
was determined on the Borg’s rating of
the perceived exertion scale (6—20 scale
according to Borg!®. All measuring proce-
dures were similar to those suggested of
Sekulié et al.”, Schuler et al.2! and De
Angelis et al.?2,

Experimental design

In the first phase of the experiment,
anthropological testing was performed.
Next, small groups (6 to 10 subjects) per-
formed the hi-lo aerobic dance program
while measuring the HR, LACT and RPE.
Likewise, the step aerobic training was
performed. All the trainings were video-
taped. Both programs (hi-lo and step), for
all the groups, were identical, program-
med beforehand and controlled by an as-
sistant instructor. The technique and
quality of the aerobic-dance-performance
were determined using the video-recor-
ded material.

Methodology

Because of the relatively large num-
ber, the measured anthropological vari-
ables were factorized (varimax normali-
zed rotation), separately for the anthro-
pometric as well as for the motor-endur-
ance-set and efficacy-set of the variables,
using the Gutman-Kaiser extraction cri-
terion. Calculated and extracted signifi-
cant factor dimensions were used in the
following procedures, as the determinants
of the anthropometric and motor status of
the subjects.

Linear and non-linear correlations
were calculated between the defined an-
thropological dimensions (factors) and
the PPR variables.

The general non-linear square func-
tion equation used:

y=a+ bx + cx?

589



D. Sekuli¢ et al.: Non-Linear Anthropological Predictors, Coll. Antropol. 27 (2003) 2: 587-598

Where »y« presents the criterion (one
of the analyzed psycho-physiological vari-
ables), and »x« presents the predictor (one
of the anthropological factors).

Statsoft’s Statistica version 6.0 was
used for all statistical procedures.

Results

In Table 1, the structures of the suc-
cessive factors are presented. Three sig-
nificant morphological factors can be de-
scribed as: the factor of voluminosity or
the more precise — the factor of non-adi-
pose voluminosity (VOL); the second
one-factor of the longitudinal dimensio-
nality — body lengths (LONG); and the
third one — the factor of the subcutaneous
fat (SF). The first factor (VOL) is charac-
terized by the explained variance in body
weight, limb circumference and diameter
measures. The subjects who are domi-
nant (positively projected) in this factor
are probably characterized with a high
muscularity (high muscular-voluminosi-
ty). On the positive pole of the factor
LONG (projections of the length-measu-
res) taller persons are stated, against the
shorter persons (negative pole). The third
morphological factor differentiates be-
tween the subjects by their quantity of
subcutaneous fat (SF).

In the set of the motor variables, three
significant factors can be named as: PO-
WER (observable projections of the power
and agility variables), RHYTHM (highly
correlated with the rhythm-coordination
and complex-movement-frequency varia-
bles), and the shared factor STR/END
(determining the strength and aerobic-
endurance characteristics of the subjects).

In the set consisting of four character-
istic-efficiency variables (technique and
quality of aerobic dance performance),
one significant factor was extracted, dif-
ferentiating between the subjects, those
who are more (positive pole of the factor)
or less (negative pole of the factor) effi-
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cient in the aerobic dance elements per-
formance (EFFI).

For further analysis, the factor results
of the subjects are calculated.

The results of the linear and the non-
linear regression analysis, calculated be-
tween the set of the anthropological fac-
tors and the set of the PPR measures, are
presented in the Table 2. Six significant
linear correlation (LIN) coefficients are
calculated. VOL and HRj, ;, are signifi-
cantly correlated (LIN and NON-LIN-5%
of the common variance explained). Past
studies'® proved that the lower HR;,; ;, va-
lues are noticed in the highly non-adipose
voluminous persons (athletic-type sub-
jects, according to Kretchmer's typogra-
phy). The factor RHYTHM is significant-
ly correlated with the »training-workload
self-perception« during the hi-lo aerobic
dance training (RPE;; ;,). It is known that
subjects with a more developed sense for
the RHYTHM have better efficacy in the
dance aerobic program performance’13.
Therefore, personal perception of the
training-exertion (RPE) is probably un-
der the influence of the previously de-
scribed quality of the program perfor-
mance. The combined strength-enduran-
ce (STR/END) component of the anthro-
pological status is also significantly cor-
related with the physiological-response-
variables, both on the hi-lo and the step
aerobic dance training (HR;,;_;,, LACT},; 5,
HRgep, LACT,,p). In the cases listed, as
well as in the previously explained rela-
tions, a natural logic can be easily fol-
lowed. High aerobic endurance characte-
rizes the persons with high oxidative-
energetic-capacities?’. High oxidative ca-
pacity allows a person performing the
workload of relatively higher intensity,
while producing the relatively lower lac-
tate concentration. Since the lactate con-
centration directly (positively) influences
the HR value’, the negative correlation
between the RHYTHM and HR,; ;,, and
HR4.p, is also clear.
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1.1 Linear relation VOL : HRy,, 1.2 Nonlinear relation VOL — HRy;,,
y=(167,13)+(-2,94)*x V=(167,34)+(-2,96)"x+(- 23)x**2
R = 0,23 (p<0,05) R = 0,23 (p<0,05)
200 - r 200 T
wh o o wp -
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140 a 140 o 0.0 %)
130 : 130 ;
{0 10
120 - 120 L
2,0 156 10 05 oo as 10 15 20 20 -15 1.0 a5 a0 05 10 15 20
VOL VoL

Fig. 1. Linear and non-linear correlation model for the variables: voluminosity (VOL) and HR},; .

2.1 Linear relation VOL: HRg., 2.2 Nonlinear relation VOL: HRy.,
y=(149,80)+(-1,84)*x y=(151,74)+(-2,01)*x+(-2,05)*x**2
R=-0,14 (NS) R = 0,28 (p<0,05)
180 - - 180 . - -
‘ : Q. 170 Lo Do o}
¢ i
o A
) e o R N o s =
= 005 s 140 st - DG ngo Q
% 130 b
120 /‘ .
110 110
H — H
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25 =20 1,5 -0 05 a0 05 10 1.5 20 25 2.5 =20 15 10 05 00 05 10 15 20 25
VoL VoL

Fig. 2. Linear and non-linear correlation model for the variables: voluminosity (VOL) and HR .

3.1 Linear relation RHYTHM: LACT, 3.2 Nonlinear relation RHYTHM: LACT,
y=(3,07)+(-,02)*x y=(3,35936)+(,01)*x+(-, 30)*x**2
R = 0,02 (NS) R = 0,27 (p<0,05)
75 75
65 Q. 65 O
55 QL0 Q. 55 Q Q
oy o0 o) o) &
ﬁ ' o a9 o PO o o g ﬁ
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0500 T @20 [s]e)} o
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6 o i o o
uls-?ﬁ 2.0 1.5 1.0 0.5 00 05 10 15 20 25
Rhytm

Fig. 3. Linear and non-linear correlation model for the variables: RHYTHM and LACTyp,.
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4.1 Linear relation EFFI: LACTy,,

4.2 Nonlinear relation EFFI: LACTy,

y=(2,98)+(0,04)*x y=(3,35)+(-0,09)*x+(-0,37)"x**2
R = 0,08 (NS) R =0,29 (p < 0,05)
75 75
o
o 5 5a
o a5 Q. OC Q.0
g 7 ST 89 =
5 = fe) | {efee}!
2 g 30 O =00 T0G0 O
j { OOC 5 %1@ O o {)\
15 bt 3 0, o
o %
00
20 25 25 2.0 1,5 1.0 05 00 05 10 15 20 25
Effi

Fig. 4. Linear and non-linear correlation model for the variables: EFFI and LACT .

5.1 Linear relation EFFI: RPE.,

5.2 Nonlinear relation EFFI: RPE,,

y=(2,98)+(0,04)"x y=(3,35)+(-0,09)"x+(-0,37)"x**2
R = 0,08 (NS) R =0,29 (p < 0,05)
75 15
o
o ) 570
o
S as 0. c%o 0.0
b o ¢ oo ¥
i N O i (9(30
g 3o g s Qo X o O
g o 1 o]
<8 .8 >0 T
070
00
20 25 25 2.0 1,5 1.0 -05 00 s 10 15 20 25
Effi

Fig. 5. Linear and non-linear correlation

However, the more interesting part of
the present investigation, is defining the
correlations calculated by the non-linear
correlation model. In Table 2, results of
the non-linear correlation-calculation are
also presented (NONL). Twelve pairs of
the variables are significantly correlated
by the square-function-correlation calcu-
lation.

Generally, a small number of signifi-
cant linear correlation coefficients could
be probably explained by the characteris-
tic subject's variability’s in the motor-en-
durance and morphological status. The
sample of the subjects is consisted of rec-
reational aerobic dance participants, which
means — very heterogeneous. Therefore,
morphological and motor-endurance sta-
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model for the variables: EFFI and RPEgy),.

tus are naturally very independent and
non-correlated.

Discussion

As could be seen from the results pre-
sented in Table 2, all six pairs of the lin-
ear significant correlated variables are
significantly correlated using the non-lin-
ear equation too. This can be explained
by following the example of the correla-
tion between the variables VOL and
HR;,; ;, Linear and non-linear correla-
tions of these two variables are described
by an almost equal correlation coefficient.
In the present case, the non-linear corre-
lation did not contribute to a better expla-
nation of the relation. So, the linear-cor-
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relation-model calculation is suitable for
the correlation-definition. In the same ex-
ample, the significant function-element
»b« can be observed in the linear model,
but not in the non-linear calculation. This
shows the necessity of the correlation de-
termining by the linear model, in this
case. The graphic presentation of the cor-
relation is very useful (Figure 1) for a log-
ical explanation of the results. The non
-linearity of the equation (Figure 1.2) is
almost indiscernible (the curvature is ir-
relevant). Therefore, the non-linear equa-
tion does not contribute to the explana-
tion of the common variance for these two
variables (VOL and HR;;,). Accordingly,
an inspection of the graph, as well as an
analysis of the correlation significance, is
the only accurate way for the non-linear
relation explanation of variables.

The second example explains the pro-
blem even better.

The non-linear relation between the
variables VOL and HR,,, is significant.
As can be seen in the graphic presenta-
tion of the equation (Figure 2), in the
middle of the scatter plot, the regression
curve changes direction. In the left part of
the scatter plot the curve is oriented
»neutrally« (parallel with the abscise.). In
the right part of the scatter plot, the
curve is oriented »negatively« (towards
the abscise ). Since the abscise presents
the standardized results of the subjects
for »voluminosity«, further explanation
can be stated. The unexpressed volumi-
nosity (more precisely non-adipose volu-
minosity) probably has no influence on
the physiological response of the training
workload (in the specific case determined
by the HRy,,). On the other hand, above
average VOL (»muscularity« or »athletic
constitution«) slightly influences the phy-
siological response to the step aerobic
training-workload (measured by HRq,p).
Probably, if we separate the »nonvolu-
minose subjects« (on the left side of the
scatter plot), and calculate the correla-

tion, no significant coefficients would be
found. Also, a negative correlation (prob-
ably significant) would be calculated for
the »right side« of the scatter plot (»highly
muscular« subjects). Another problem
has to be addressed. That is the problem
of the »outliers«. Notice the three subjects
(outliers) pointed out by small arrows in
Figure 2.2. Because of the extremely low
values of the HR,;,, (110-125 b/min), the-
re is a certain possibility of a measure-
ment error. Accordingly, there is the pos-
sibility that the random appearances of
the outliers (arrow pointed subjects) chan-
ged the correlation coefficient's value, in
the linear, as well as in the non- linear
model. The small experiment confirms
that statement. We excluded the outliers
(mentioned three subjects) and calcula-
ted the same equations as before (linear
and non-linear). As was supposed, the li-
near correlation coefficient increased (r =
—-0.19, p>0.05), and the non-linear coeffi-
cient decreased (r = 0.20; p>0.05). In that
case, the false non-linearity is obvious.
But, in the specified measurement (mea-
surement of the HR), error is hard to ex-
pect, because of the equipment used (the
very sophisticated HR monitoring appa-
ratus). Inspection of the videotaped mate-
rial showed that subjects achieved the
analyzed training (step aerobic) correctly.
Therefore, the previously explained na-
ture of the non-linearity remains.

Figure 3 presents the relation calcu-
lated by the linear and nonlinear regres-
sion models for the variables RHYTHM
and LACT,,,. The linear correlation coef-
ficient is negligible (i.e. not significant),
but the nonlinear model determines the
common variance at a significant level.
The reason for the relatively large differ-
ence in the numeric parameters of the
correlation equations can be found, ana-
lyzing the graphic presentation (Figure
3). The scatter plot is set as a »geometric
parable«. Therefore, on the left side of the
scatter plot (below the average results on
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RHYTHM), a positive correlation be-
tween the analyzed variables exists, in
spite of the negative correlation—on the
right side (above the average RHYTHM
results). It seems that for the subjects po-
sitioned on the left side of the RHYTHM
dimension (low results in the RHYTHM
testing), as well as for the subjects posi-
tioned on the right side of the same di-
mension (high results of the RHYTHM
testing), a low metabolic training work-
load can be expected (LACTstep). The ex-
planation does not seem reasonable, but
it is. A reviewing of the videotaped mate-
rial and past studies’ results”® presented
the following conclusions. The subjects
characterized by low results in the
RHYTHM dimension are inefficient in
aerobic dance training. The explained in-
efficiency involves the low engagement of
the described participants, during the
aerobic dance training. Further, low en-
gagement entails a low energetic training
demand, followed by a low metabolic re-
action — physiological response (LACT-
step). But, what about the »right« side of
the scatter plot (the persons who scored
highly in the RHYTHM)? Opposite, these
subjects performed the program highly
effectively. That »high effectiveness«is an
indicator of the »energetic-rationality«!3.
Those subjects have no movement excess
or overflow, and they are very rational in
spending energy (low LACT values). Ac-
cordingly, the highest physiological re-
sponse (LACTj,,) could be expected for
the subjects, who are »average« in the
RHYTHM dimension. These subjects
(aerobic training participants) are still
»efficient enough« in the aerobic dance
performance, but not »too efficient« for
the extreme rationality, which is followed
by the low metabolic demand of the train-
ing. The correctness of the previously dis-
cussed can be confirmed analyzing Figure
4 and Figure 5, where the relations be-
tween »EFFI« dimension (efficacy of the
aerobic dance program performance) and
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the variables LACT,,, RPE,,, are pre-
sented. In both cases the same trend of
the results can be observed. Regression-
curves are parabolic (Figure 4.2 and 5.2).
Both, »inefficient« subjects (»inefficient«
in the step-aerobic-training performan-
ce), and »highly efficient« subjects are
characterized by a pronounced low meta-
bolic reaction (physiological response),
determined by »LACT,,. The low subjec-
tive feeling of exertion (RPEstep) natu-
rally follows a low metabolic reaction. To
simplify the problem, for the »rhythm-in-
sensitive persons«, step aerobic training
is »too complicated« for their active and
unqualified participation. Relative »inac-
tivity« is followed by low metabolic reac-
tion (LACT) thereby inducing low RPE2,
On the other hand, for the »rhythm — ex-
pert« persons, the same training program
is too simple, to induce the pronounced
metabolic and perceived training-stress
reaction. Basically, the step aerobic pro-
gram is »simple« and metabolically unde-
manding for the selected subjects, char-
acterized by high rhythm-coordination.
The best proof is the aerobic—instructors.
It is not rare that a single aerobic instruc-
tor teaches two, or even three training
lessons in a single afternoon, for five or
six days a week. This wouldn’t be possible
with the »normal« metabolic demands of
the training. For example, De Angelis et
al.?2 defined 6.1+1.7 mmol 1! as average
lactate concentration during the aerobic
dance class for regular participants.

Conclusion

In some cases, nonlinear models de-
fine the true logic of the correlation. A
good example is the nonlinear prediction
of the lactate concentration according to
»aerobic-dance-performance-efficacy« in
the first, and according to »rhythm« (as a
motor ability) in the second case. Two ab-
solutely different groups (extremely rhythm
-coordinated, and non-coordinated) have
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an extreme low level of physiological re-
sponse during the step aerobic training
(LACTp). We may suppose that for
these two groups (extremely rhythm- co-
ordinated, and non-coordinated) step aer-
obic training is either too complicated (for
non coordinated), or on the other hand
-too simple (for highly coordinated). The
mentioned abstrusity (for non-coordina-
ted), as well as simplicity (for well-coordi-
nated persons), determine energetically
undemanding workout for both charac-
teristic groups. Further, the relevant phy-
siological (but also psychological-RPE) re-
action on the training exertion is absent.
The absence of the ade- quate physic-psy-
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chological response in the training im-
plies the low training effects of any work-
out, which includes the manner of the
aerobic dance training as well.

In this paper the authors used linear
and square-nonlinear models exclusively.
Any further investigations have to ex-
plore the possible applicability of the
other nonlinear-models (different expo-
nential and logarithmic models).
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NELINEARNE POVEZANOSTI IZMEDU ODABRANIH ANTRS)POLOQKIH
PREDIKTORA I PSITHO-FIZIOLOSKIH ODGOVORA NA VJEZBANJE

SAZETAK

U radu su aktualizirane neke vrlo korisne nelinearne regresijske procedure. Autori
su definirali karakteristi¢éne korelacije izmedu seta antropologkih varijabli (14 moto-
ricko-funkcionalnih i 14 antropometrijskih varijabli) i seta varijabli za procjenu psi-
ho-fizioloske reakcije na optereéenje, koje je bilo uvjetovano vjezbanjem hi-lo i step ae-
robike (frekvencija srca, koncentracija laktata i razina opazenog napora). Kao uzorak
ispitanica u studiji je ucestvovalo 69 zdravih mladih Zena (21,4+1,4 godine starosti).
Eksperiment se sastojao od dva dijela. U prvom su se dijelu izrac¢unale linearne kore-
lacije izmedu dva seta varijabli. U drugom dijelu, izrac¢unate su nelinearne (kvadratne)
relacije izmedu istih setova. Rezultati potvrduju ideju da u nekim sluéajevima neline-
arni korelacijski modeli, bolje od klasi¢nih linearnih modela objagnjavaju pravu priro-
du odnosa izmedu varijabli.
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