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BACKGROUND: The triathlon is a combination of three different types of sport - swimming, cycling, and running.
Each of these requires different top level predispositions and complex approach to talent selection is a rather difficult
process. Attempts to identify assumptions in the triathlon have so far been specific and focused only on some groups
of predispositions (physiology, motor tests, and psychology). The latest studies missed the structural approach and
were based on determinants of sport performance, theory of sports training and expert assessment.

OBJECTIVE: The aim of our study was to verify the model of predisposition in the short triathlon for talent as-
sessment of young male athletes age 17-20 years.

METHODS: The research sample consisted of 55 top level triathletes - men, who were included in the Government
supported sports talent programme in the Czech Republic at the age of 17-20 years. We used a confirmative factor
analysis (FA) and Path diagram to verify the model, which allow us to explain mutual relationships among observed
variables. For statistical data processing we used a structure equating modeling (SEM) by software Lisrel L88.

RESULTS: The study confirms best structural model for talent selection in triathlon at the age of 17-20 years old
men, which composed seventeen indicators (tests) and explained 91% of all cross-correlations (Goodness of Fit Index
/GFI/ 0.91, Root Mean Square Residual /RMSR/ 0.13). Tests for predispositions in triathlons were grouped into five
items, three motor predispositions (swimming, cycling and running skills), aerobic and psychological predispositions.
Aerobic predispositions showed the highest importance to the assumptions to the general factor (1.00; 0). Running
predispositions were measured as a very significant factor (-0.85; 0.28) which confirms importance of this critical
stage of the race. Lower factor weight showed clusters of swimming (-0.61; 0.63) and cycling (0.53; 0.72) predisposi-
tions. The psychological predispositions were found in the lowest effect (0.36; 0.87).

CONCLUSIONS: We confirm predispositions and tests for measurement of its level for top level male triathletes
in the junior category. The model is in practice today in the Czech Republic, where we used the test standards for
dividing Government support of athletic talent.

Keywords: Top level sport, talents assessment, talent selection, endurance in sport, sport diagnostics, structure equating
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INTRODUCTION

The quality system of talent selection is a primary
condition for effective management of sport training. Se-
lection of talents is therefore based on a multi-stage prin-
ciple and respects developmental stages of an individual.
With age and higher performance there appear specific
predispositions and skills. Zhanél and Lehnert (2010)
in this context, state that the relationship between the
level of specific athletic predispositions and sport per-
formance is higher in simple, individual, closed types of
sports (e.g. field sports), while in so called open sports
(especially team sports) these relationships are very low
(Roth & Willimczik, 1999). Researches in many coun-
tries firstly focused on the area of performance predispo-
sitions or motor abilities. In the nineties, physiological,
psychological and social factors started to be gradually
implemented into trends of sport talent identification to

various extents. The system of sport talent selection was
based on a similar process in most countries. Models of
these systems developed processes consisting of three
successive steps. Firstly, they identified indicators pre-
dicting sport performance then tried to find the tools for
differentiating top future athletes from average ones and
finally they identified the model of predispositions by
means of setting standards of performance in individual
performance predictors (Ko et al., 2003).

Apart from the first stage of the selection, when
we usually only distinguish children talented for non-
specific sport activity, in other stages it is important to
distinguish predispositions of an athlete and the state
of fitness, because the individual has already undergone
some specific sport training and incorrect assessment
may appear (Kovar, 1974).

Short triathlon (sometimes also referred to as the
Olympic triathlon) combines a 1.5 km swim, 40km cy-
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cling and 10 km running. The triathlon is a combination
of three different types of human locomotion and each
of these disciplines requires different predispositions
although performance in each of the components is
determined by aerobic predispositions.

The problem of identifying the assumptions we see
in difficult measurability of performance in a short
(drafting) triathlon. Although it is a sport that is evalu-
ated over time, the possibility of drafting in all its parts,
however, disables the individual analysis of individual
parts and the possibility of comparing the performance
of the race is unrealistic (incorrect track length, eleva-
tion, weather, the level of the field) (Kovafova, Juric,
& Kovar, 2012). Performance in triathlon is rather a la-
tent indicator than a manifest variable and its analysis
is even more difficult.

An important note is that the importance of indi-
vidual components is not equally represented in the
overall performance. If we analyze short distance tri-
athlon races in detail, we can see that 15% of total time
is represented by swimming, 55% by cycling and 29%
by running (Landers, Blanksby, Ackland, & Monson,
2008). However, it is not a simple sum but one disci-
pline follows another where an individual does not have
the chance to succeed against the peloton in the swim-
ming and cycling part of the race despite an athlete’s
better individual predispositions for these disciplines.
On the contrary, the running part as a final discipline
often becomes crucial (Frohlich, Klein, Pieter, Emrich,
& Giefing, 2008). Differences in athletes’ times after
swimming (and cycling) are minimal; however, the ath-
lete’s attempt to stay in touch with other racers requires
different effort regarding individual performance. These
differences are then fully apparent in the final disci-
pline - running (Peeling, Bishop, & Landers, 2005).
In this sense, even the psychological state of an athlete
may be decisive.

METHODOLOGY OF TALENT SELECTION
FOR SHORT TRIATHLON

Since the very beginning of the triathlon, many
authors have dealt with the issue of prediction perfor-
mance (Burke & Jin, 1996; Sleivert & Rowlands, 2000;
Hue, 2003; Van Schuylenbergh, Vanden Eynde, & Hes-
pel, 2004; Zemanova & Kovar, 2009), individual so-
Iution of issue of talent selection for triathletes in the
literature, however, is still missing.

The researchers focused on short-term performance
prediction in several fields - anthropometric, morpho-
logic and aerobic predispositions, swimming, running,
cycling and psychological. The model of identification
of predispositions for future performance in short triath-
lon thus includes several fields that must be taken into
account during its development.
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In the field of anthropometrics, we do not register
a clear consensus in research focused on this issue due
to different anthropometric predispositions, moreover,
it appears that triathlon athletes form a specific soma-
totype (1.96-4.35-3.14) between swimmers, cyclers and
middle and long distance runners (Ackland, Blanksby,
Landers, & Smith, 1998). International studies coincide
in the parameter of body fat % as an indicator of future
performance (Tittle & Wutscherk, 1988; Atwater, 1990;
Landers, Blanksby, Ackland, & Smith, 2000); Czech
studies agree further on the parameter of extracellular
mass and body cell mass (ECM/BCM) - parameter
indicative of the qualitative characteristics of skeletal
muscle (Talluri, 1998).

However, there is uniformity in the field of aero-
bic predispositions. Authors suggest VO, max related
to body weight and % VO,max at anaerobic threshold
(AT) as two primary indicators of performance predic-
tion (Schneider, Lacroix, Atkinson, Troped, & Pollack,
1990; Butts & McLean, 1991; Zhou, Robson, King,
& Davie, 1997; Millet, Dreano, & Bentley, 2003; Su-
riano & Bishop, 2010). Some studies also mention the
possibility of performance prediction by means of maxi-
mum values of pulmonary ventilation.

For future performance prediction by means of
motor tests, studies usually suggest laboratory tests for
the sake of objectivity of data gained (O’Toole, Doug-
las, & Hiller, 1989; Neumann, 1993; Hue, Le Gallais,
Chollet, Boussana, & Préfaut, 2000; Bentley, Millet,
Vleck, & McNaugthon, 2002). The most commonly
used is a treadmill or cycling ergometer test up to vita
maximum, further speed tests at AT, less on aerobic
threshold (Schabort, Killian, St Clair Gibson, Hawley,
& Noakes, 2000; Hue, 2003; Van Schuylenbergh, Van-
den Eynde, & Hespel, 2004). To analyse field motor
tests in swimming in junior categories, tests in a swim-
ming pool to assess maximal performance at distances
from 400 to 800 m are used. For the analysis of field
motor tests in running, tests at distances from 3 to Skm
are used.

On the contrary, there is a very different view on the
assessment of joint flexibility in the triathlon. It is de-
rived from various flexibility requirements for each dis-
cipline. Maximum, even limit flexibility of certain body
parts (e.g. hypermobile “swimming” ankle) important
for swimming may be contra productive in another dis-
cipline (ankle distortion during running). When assess-
ing flexibility predisposition, we should focus primarily
on the limit range of motion in the shoulder and ankle
joints rather than to assess maximal range of these seg-
ments.

In recent decades, relatively much attention has
been paid to psychological predispositions. From the
research we can deduce that triathlon athletes should
have a very low level of nervous liability which enables
them to cope with emotionally challenging situations,
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on the contrary, they need a high level of motivation,
moral and volitional qualities.

Given the nature of competition and training is
proving to be better a tendency to introversion. The
one from key areas which to be considered is long-
term ability to concentrate attention on performance
(Weinberg & Gould, 2003; Morgan & Pollock, 1977,
Zemanova & Kovar, 2009). The last study focused on
identifying the ability to concentrate attention that we
consider crucial. On the basis of the test profile com-
posed of four tests aimed at evaluating concentration
of attention (Jirasek’s numeric square before and after
performance, Numeric rectangle, Bourdon test and Dis-
junctive reaction time II) they found out that the ability
to concentrate attention was statistically significantly
higher in triathletes of higher performance levels in all
the tests used. Differences were statistically significant
in all three diagnostics (Jirasek’s tests before perfor-
mance t = -2.92; p = 0.005; w?= 0.14, Jirasek’s test after
performance t = -2.98; p = 0.004; w>= 0.12, Numeric
rectangle t = 2.20; p = 0.032; w?= 0.06, Bourdon test
t =6.20; p = 0.000; w?= 0.40, Disjunctive test t = 4.95;
p =0.000; w?*=0.29).

Attempts to find performance predictors in the tri-
athlon have so far been rather intuitive and were based
on determinants of sport performance, theory of sports
training and expert assessment.

In terms of methodology, statistical processing of
the selection of indicators for successful prediction of
performance in the triathlon is narrowed to several cat-
egories.

Performance prediction is commonly assessed by
means of correlation and regression analyses (Butts
& McLean, 1991; Sleivert & Wenger, 1993; Van
Schuylenbergh, Vanden Eynde, & Hespel, 2004), sig-
nificance tests (Kohrt, Morgan, Bates, & Skinner, 1987;
Heiden & Burnett, 2003), analysis of variance (Burke
& Jin, 1996; Landers, Blanksby, Ackland, & Smith,
2000), and multidimensional linear regresion and re-
gresion equations (Schabort, Killian, St Clair Gibson,
Hawley, & Noakes, 2000; Frohlich, Klein, Pieter, Em-
rich, & Giefling, 2008). Studies have not brought any
complex approach to performance prediction yet; our
aim was to apply a structural approach to the issue of
triathlon talent selection and develop a testing profile
predicting performance in the triathlon by means of
factor analysis (Blahus, 1980; Blahus, 1985; McDonald,
1991). This enables us to explain mutual relationships
between the variables observed (individual tests and
their relation to concrete performance) and simultane-
ously reduce the number of variables which simplifies
the variable’s description. Another advantage is the pos-
sibility of developing and verifying structural theory of
the examined area, or transformation of the original
variable into a more suitable condition.Therefore, we
consider the FA in this context to be very appropriate.
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Only a few studies indicated an attempt to process
the results by means of multidimensional analysis
(Lane, Terry, & Karageorghis, 1995; Landers, Blanks-
by, Ackland, & Smith, 2000; Kovarova & Kovar, 2010),
but generally it is used more for sport (Psotta, Blahus,
Cochrane, & Martin, 2005; Vallerand et al., 2008; Har-
dy, Roberts, Thomas, & Murphy, 2010).

METHODS

The aim of the study was to find and verify a model
of predispositions in the short triathlon. First, we creat-
ed a battery of tests to identify the assumptions and then
made their mild reduction. Tests results were subjected
to tests of normality and linearity of dependence so
that they could be adopted into the test battery; subse-
quently, a correlation matrix was created (TABLE 2, 3),
which was followed by critical analysis of correlation
relationships revealing dependences between, as well as
inside of, individual areas of the examined performance.

Research sample

The research sample consisted of 64 triathletes -
men aged 17-20 included into YSC between years
2005-2008. Due to an absence of results from more
than 20% of tests in nine triathletes, we were forced
to exclude these athletes from the sample. Therefore
55 participants were included in the correlation matrix
(age 18.9 £ 1,5; body height 181.4 £ 7.0; body weight
70.5 £ 7.4; VO,max x kg~' 70.6 + 5.0; ECM/BCM
0.76 = 0.09; % of body fat 9.10 = 1.62).

In the case of missing values in some tests, we had
to complete them by the mean value of test result of the
whole sample. In total, 6% of missing values were added.
Testing was carried out within nationwide control tests
of YSC in triathlon, testing of junior national teams
and individual Youth Sport Centres in the laboratory of
sport motor activities at The Faculty of Physical Educa-
tion and Sport, Charles University.

The sample included the “whole” population of
triathletes in junior category in YSC. Such a selected
research sample allowed us to use the method of least
squares as we did not have to relate the results to the
“general” population. However, this solution has caused
some problems, namely that the test profile for perfor-
mance prediction had been tested on already pre-select-
ed athletes (included in YSC) and thus exists a certain
probability of rejecting appropriate tests because of
low validity caused by high homogeneity of the sample
which had been caused by pre-selection in the form of
entrance tests for YSC.

The research was approved by the Ethics Committee
of Faculty of Physical Education and Sport, Charles
University. Testing was conducted just before the rac-
ing season and was spread over two three day blocks.
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Participants were informed in advance of load tests and
had adjusted training the last week before the tests. The
sequence of tests was identical in all probands.
TABLE 1 presents tests and their characteristics
used in diagnostics of predispositions in short triathlon.

We used tests selected from the following areas:

1. Anthropometric tests selected on the basis of avail-
able studies and our expert assessment [test of body
fat measurement by means of bioimpedance method
(BIA 2000), test of muscle mass quality (ratio ECM/
BCM)].

2. Aerobic predispositions tests (running test up to vita
maxima, cycling test up to vita maxima)

3. Field tests [test of anaerobic threshold in swim-
ming (as an output indicator, we decided for time
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for 100 m at the level of AT calculated from 300 m)
sections, swimming test at 400 m freestyle, running
test at 3km].

. Psychological tests (Jirasek’s numeric square before

and after performance, Numeric rectangle, Bourdon
test, Disjunctive reaction time II).

. Tests of flexibility (ranges of movements - angles

(degrees) in the individual joints in horizontal or
vertical planes) of the following joints [1]: 1. shoul-
der extension, 2. torso flexion, 3. plantar flexion,
4. dorsal flexion, 5. right arm abduction, 6. exter-
nal rotation of the right arm, 7. internal rotation of
the right arm. As an output variable, a total score
T-points was selected. Total score = {[(1. + 5. + 6.
+7)/4] +2.+3.+4.}/4

TABLE 1

Tests and their characteristics used in diagnostics of short triathlon

tative characteristics of skeletal muscle

Testing area Test abbreviation Test description Unit
Psychological tests Bourd Bourdon test, test long term load of attention | n. of correct
(concentration answers
of attention) Disjunk Disjunctive test, test of fitness capacity in ex- | time (s)
(Kovarova & Kovar, 2010) tremely load
Numeric Numeric rectangle test, test selectivity and | n. of correct
distribution answers
Jir_bef Jirasek’s test before performance, test quality | time (s)
of concentration of attention
Jir_after Jirasek’s test after performance, test quality of | time (s)
concentration of attention in load
Functional Ventil Volume breathed in and out per minute at max- | I xmin™!
predispositions tests imum performance as protocol by Bunc (1996)
(Bunc, Heller, Hor¢ic, VO, max Indicator of maximum aerobic performance as | ml x min-'kg™!
& Novotny, 1996) protocol by Bunc (1996)
VO AT % of aerobic performance at AT as protocol | percentage (%)
by Bunc (1996)
Swimming S_400m 400 m free style test time (s)
predispositions tests S_AT Time for 100m at AT time (s)
(Horcic, 2004) Flexibility specific tests of flexibility 1. Arms extension T - points
Total score = 2. Trunk flexion
{[(1.+5.+6.+7)/4] + 2.+ 3 +4.}/4 3. Plantar flexion
Total score converted to T-points was -
chosen as an output variable 4. Dorsal flexion
5. Right arm abduction
6. External rotation of the right arm
7. Internal rotation of the right arm
Running R_3km 3km running test time
predispositions tests R_AT Time for 1km at AT time (s)
gmoﬂ;llir;;;mm’ Treadmill Maximum speed reached at the end of the test | km/h
’ protocol by Bunc (1996)
Cycling B_Wmax Maximum performance reached at the end of | Wxkg™!
predispositions tests test as protocol by Bunc (1996)
(Bunc, Heller, Hor¢ic, B_AT Performance at AT as protocol by Bunc (1996) | W xkg™!
& Novotny, 1996) ECM/BCM Measured by bioimpedance method; test quali- | none
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The testing system was composed of seventeen indi-
cators covering all areas scoring performance prediction
(TABLE 1, Fig. 1). In the initial correlation matrix were
included tests identifying anaerobic predispositions
(such as a swimming test - 10 swim freestyle stroke
max. effort and cycling test Wingate test - 30 s). Their
mutual correlation with other indicators, however, were
very low and even found a low negative relationship
with test evaluation of aerobic conditions (eg, r = -0.21
between performance on the 400 m swim and perfor-
mance in the test 10 swim freestyle stroke max effort
or r = -0.14 between the performance at AT and power
output in the Wingate test) and again there was a phe-
nomenon that the best triathletes achieved the lowest
performance in the anaerobic tests. The final matrix we
therefore did not include these tests.

For verification, we used FA and Path diagram. To
process the data gained, we used confirmatory factor
analysis - least squares method (UL). For statistical
data processing we used Lisrel L88 software.

Confirmative factor analysis is based on testing hy-
potheses related to the fact whether the initial correla-
tion matrix can be represented by the correlation matrix
derived on the basis of the assumption that the meas-
ured variables were created as a specific linear combina-
tion of factors. Confirmative factor analysis therefore,
instead of extraction and rotation of optional factors,
tests a specific hypothesis about the load matrix (Hendl,
2006).

In the structural model of confirmative factor
analysis, several important indicators are being evalu-
ated. Factor loading (X)) of empirical indicator (mani-
fest variable) is assessed in relation to its latent factor
(construct) and simultaneously its uniqueness (unex-
plainable part) (Y). The values of factor loading and
uniqueness are writing then (X, Y). Generally, we can
state that the model is better if factor loadings are as
high as possible while uniqueness of indicators as low as
possible. This statement is limited, of course, in terms of
the theory of factor analysis, namely that factor analysis
and uniqueness range in the interval of <0; 1 >, so that
their values cannot acquire negative numbers. Should
the factor loading be equal to 1 and uniqueness to 0,
manifest variable (empirical indicator) is equal to the
latent variable (factor) and thus is also a construct itself
(Blahus, 1985).

Furthermore, we assess indicators of the overall fit
model. For this purpose the Lisrel programme provides
the indicator Goodness of Fit Index (GFI). The result is
an interval of <0; 1>. If we multiply this value by 100, we
obtain a percentage of the explained part of the model,
namely information about what percentage of the model
is explained. Thus we can state that the more the value
of indicator approaches 1 (100%), the better hypoth-
esis was tested. Dillon and Goldstein (1984) consider
a value of 0.90 as a level of very good accuracy.
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Finally, it is also necessary to assess the indicators
of unexplained correlations, or total mean of unex-
plained correlations or deviations of the initial matrix
from the correlation matrix derived on the basis of our
hypothesis. Programmes offer the Root mean squared
residual (RMSR) index for this assessment. This indica-
tor ranges between <0; 1>, when the lowest value, the
lowest total unexplained correlation in the model and
thus the best for our hypothesis. Chau (1997) suggests
a border of very good agreements the value of 0.10. The
Lisrel programme requires values higher than 0.97 for
confirmation of excellent accuracy while RMSR lower
than 0.061.

RESULTS

The results of the correlation matrix (TABLE 1, 2)
show a high correlation between all the tests measuring
concentration of attention, their relationship to other
tests is low. On the contrary, a high correlation is found
in test % fat to all the motor tests. Flexibility tests have
a high correlation only to motor tests in swimming. The
value of ECM/BCM seems high correlation to test % fat,
and also to the results of motor tests in cycling and aero-
bic predisposition tests. These parameters have there-
fore decided to further analyze using Path diagram. The
overall model of predispositions is depicted in Fig. 1.
TABLE 4 presents indicators of overall fit model and
their value.

We proposed an acceptable model of predisposi-
tions for triathlon, the correlation matrix of which is
explained by 91% and Root Mean Square Residual is
0.13 (TABLE 4). The maximum possible factor weight,
with regards to the general factor (predispositions for tri-
athlon), was found in aerobic predispositions (1.00; 0),
a very significant factor weight was measured in running
predispositions (-0.85; 0.28), followed by swimming
(-0.61; 0.63) and cycling predispositions (0.53; 0.72).
The lowest effect was found in psychological predisposi-
tions (0.36; 0.87).

Tests VO,max and Ventil best explained aerobic
predispositions (0.81; 0.35). Test R_AT, i.e. time for
running at 1 km by speed at AT best explained running
predispositions (0.95; 0.10) while in Treadmill test, i.e.
maximum speed achieved at the end of the test on the
treadmill (-0.93; 0.13), the values were slightly lower.
The most suitable test for identification of swimming
predispositions appears to be S_AT, i.e. time for 100 m
at AT (0.94; 0.11). In terms of cycling predispositions,
there were similar results in both tests B_Wmax (0.79;
0.37) and B_AT (0.78; 0.39). Test Jir_after (Jirasek’s
test after performance) showed the best results for the
psychological predispositions (-1.00; 0.14).
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TABLE 2

Correlation matrix (part 1)
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Bourd Disjunk Numeric Jir_bef Jir_after Ventil VO, max VO, AT S_400m

Bourd 1

Disjunk 0.63 1

Numeric 0.51 0.57 1

Jir_bef -0.53 -0.60 -0.68 1

Jir_after -0.67 -0.69 -0.79 0.84 1

Ventil 0.10 0.01 -0.01 -0.05 -0.11 1

VO, max 0.33 0.03 0.27 -0.32 -0.41 -0.69 1

VO? AT 0.36 0.07 0.21 -0.27 -0.34 -0.77 0.39 1

S_400m -0.10 -0.24 0.08 0.12 0.21 -0.14 -0.53 -0.06 1
TABLE 3
Correlation matrix (part 2)

S_AT Flexibility R_3km R_AT Treadmill B_Wmax B_AT ECM/BCM

S_AT 1

Flexibility -0.61 1

R_3km 0.32 -0.15 1

R_AT 0.43 -0.24 0.70 1

Treadmill -0.36 0.21 -0.63 -0.88 1

B_Wmax -0.29 0.08 -0.13 -0.06 0.31 1

B_AT -0.38 0.11 -0.43 -0.35 0.21 0.53 1

ECM/BCM 0.27 -0.05 0.31 0.22 0.24 -0.57 -0.42 1
TABLE 4
Indicators of overall model fit

Goodness of Fit Index (GFI) 0.91

Root Mean Square Residual (RMSEA) 0.13

The remaining question is where to include a test
of % of body fat (in the general population, indicator %
of body fat is a good predictor of endurance predisposi-
tions but in a very homogenous group of trained triath-
letes with very similar values it is not possible to use it as
a predictor). In this case, several possible solutions exist.
1. Percentage of body fat test will explain only some of

swimming, running or cycling factors.

2. Percentage of body fat test will, together with ECM/
BCM test, create a separate cluster of “anthropomet-
ric predispositions”.

3. Percentage of body fat test will explain all factors.

Firstly, we will create a model without the indicator of %
of body fat. Thereafter, we will anticipate one general
factor, five subordinated latent variables and 17 indica-
tors. Results of such a proposed model are as follows.

In the second solution (create a separate cluster of
“anthropometric predispositions”) we achieved again
an acceptable model of predispositions for triathlon, in
which GFI was lower than in the first variant and the
correlation matrix was explained from 85% and Root
Mean Square Residual (RMSR) 0.17. With respect to
the maximum value of 1 in the discussed indicator of %
of body fat we rejected variant no. 2 as the model, which
we do not consider as more appropriate than no. 1 and
decided to proceed to another step (variant no. 3). In-
dicator of % of body fat together with indicators ECM/
BCM and joint mobility were transferred to another
category, which was possible due to the Lisrel88 pro-
gramme. The structural model thus changed into a Path
diagram (Fig. 2), which revealed regression coefficients
(in this case, numbers placed near to direction arrows
between predicates and latent variables do not represent
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Fig. 1
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Overall model of predispositions for triathlon (latent factors model)

0.36

1.00 1.00 —p!

0.61
-0.85
0.53

Legend:

Psych = psychological predispositions

Aerobic = aerobic predispositions

Swim = swimming predispositions

Run = running predispositions

Bike = cycling predispositions

PredT = predispositions in short triathlon

factor loadings but regression coefficients) of these vari-
ables and provided information on explained variances
in individual dependent and independent variables (TA-
BLE 5).

As we can see form TABLE 5 and Fig. 2, indicator
of % of body fat was an excellent predictor of all factors
in our model (swimming predispositions R?= 0.57; cy-
cling predispositions R>= 0.62; running predispositions
R2=0.78). Ratio ECM/BCM, or parameter assessing
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quality of muscle mass, had the highest regression coef-
ficient (R?>= 0.68) to cycling predispositions; in contrast,
it explained relationships to swimming and running pre-
dispositions to a very small extent. Indicators of joint
mobility best explained swimming predispositions
(R?=0.69). Surprisingly low regression was found in
relationships between psychological predispositions and
all “motor” factors (swimming, cycling and running).
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Fig. 2
Path diagram
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Indicators of Path diagram

Acta Univ. Palacki. Olomuc., Gymn. 2012, vol. 42, no. 3

o

-0.78

LI

27

@S

i |

“0.321
.-

swiim

o.1% 1‘."'.'-'#

=0 &7

-0.68
e

-

bhile

Predicate Swimming predispositions Cycling predispositions Running predispositions
Psychological predispositions 0.21 0.28 0.34
Elexibility 0.69 0.13 0.32
ECM/BCM 0.15 0.68 0.27
% body fat 0.57 0.62 0.78
Regression residuum 0.13 0.05 0.10

DISCUSSION

The model of test battery verification is composed
of seventeen indicators that could not be reduced more.
Some of the tests identify the level of fitness as well as
other genetic predispositions. This allows us to sepa-
rate these areas to some extent, to determine the level
of fitness and recommend further possibilities for im-
provement of triathletes examined and estimate their
performance limit.

The correlation matrix was explained by a model
of 91%, which can be considered acceptable (Dillon
& Goldstein, 1984; Chau, 1997). The question remains,
what might contribute to the increase the GFI and
whether it actually did not test anaerobic assumptions?
There is also the question of the aerobic assumptions
related to motor conditions for swimming, cycling and

running so that it would form a separate cluster. We did
not confirm this hypothesis, and this model appeared to
be less fit (GFI 0.82, RMSR 0.19). However, the results
confirm previous studies that both reported aerobic as-
sumptions as a keystone the performance prediction and
selection of talent.

Maximum possible factor loading to the general factor
was represented in aerobic predispositions (1.00; 0).
These are the most important in terms of identifica-
tion of predispositions for future performance in short
triathlon. At this moment, the interpretation offered is
to substitute all tests by only those aerobic ones and to
predict performance in triathlon only by means of these
predispositions. However, this is in contrast to another
finding, namely that aerobic predispositions are indeed
necessary, but not the one and only sufficient condition
for selection of talented athletes.
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At this phase, the interpretation to replace all tests
by those aerobic appears and thus to predict the per-
formance in triathlon only by means of these predispo-
sitions, which, as mentioned above, is the most usual
approach (regression analysis). However, this “simpli-
fication” is in contrast to another conclusion, i.e. that
aerobic predispositions are not only essential, but also
the only one sufficient condition for talented athletes’
selection.

The second highest factor loading was detected in
running predispositions (-0.85; 0.28), followed by swim-
ming (-0.61; 0.63) and cycling predispositions (0.53;
0.72). This finding is in accordance with earlier stud-
ies (Frohlich, Klein, Pieter, Emrich, & Giefling, 2008),
which also pointed out the importance of the running
part in triathlon. Analyses of score sheets from races
indicate that an excellent usually runner wins although
he can be a worse swimmer or cyclist. The course of
competition can erase performance differences from
swimming and cycling parts but running performance,
as the last part of triathlon, has the ultimate impact on
the final result. High factor loading of running predis-
positions is probably related to the fact that running
is the final and decisive discipline in triathlon. Lower
factor loadings of cycling predispositions correspond
to the current concept of the race when by means of
drafting it is possible to reduce the resistance while rid-
ing behind another competitor and thus to save energy.
Technical and tactical components of the cycling part
may thus significantly reduce differences in competitors’
performance. On the contrary, low swimming perfor-
mance usually signifies no hope for a top final result
and probably this is the reason for higher factor load-
ing of swimming predispositions. This conclusion does
not correspond with the results (Kovafova & Kovar,
2010) and it seems that the influence of swimming per-
formance is more important than the corresponding
analysis of its own parts. This will probably be due to
so-called drafting.

The lowest value was represented by psychological
predispositions (0.36; 0.87). This did not confirm the
results of a previous study (Zemanova & Kovaf, 2009)
that psychological predispositions will be essential in
the model of predispositions in triathlon. The reason
for the very low factor weight of this latent variable in
the overall model could be the lower validity of psycho-
logical tests than, for instance, aerobic tests, which led
to lower (insignificant) correlation and overall factor
weight in the model was thus lower, as well.

Another reason could be a higher heterogeneity of
the sample or the wrong choice of indicators. When
verifying the partial model, we used only tests of concen-
tration of attention which could reduce the problem of
psychological predispositions significantly and mislead-
ingly. We assume that, with regards to the character of
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motor predispositions, it would be more appropriate to
include some tests of moral and volitional characteris-
tics and motivation into the model. On the other hand,
the problem could be the assurance of measurements
quality in such a test battery. However, we do not ex-
clude general overestimation of psychological predis-
positions in endurance sports.

Another problem, which we noticed in the applica-
tion of factor analysis in a specific area of elite sport, is
the generalization which is connected with modelling.
Is it even possible to generalize something as specific
as what the future estimation of predispositions for
extreme endurance load is? On the other hand, each
statistical method is based on some generalization and
the method of factor analysis for the area of modelling
predispositions is directly addressed to this problem.
However, a negative fact is that this method has not
been used so far in the area of identification of predis-
positions for future sport performance in the triathlon
and therefore we can not compare the results of our
study with similar ones.

In cases when we test battery for performance pre-
diction in already pre-selected athletes (e.g. those in-
cluded in YSC), there is still a certain probability of
rejecting the suitable test because of the low validity
caused by high homogeneity of the sample which is the
result of pre-selection in the form of admission tests to
YSC. Seemingly low test validity in the selected candi-
dates may lead to deceptive rejection of a good admis-
sion test (Fajfer, 2000).

In an attempt to “manipulate” with an indicator of %
of body fat and to add it to some of the latent factors,
the model fit did not improve; in some cases, negative
values in test uniqueness occurred or uniqueness of test
of % body fat reached a value over one. An interesting
component in our model was the indicator of percent-
age of body fat. This parameter explained running pre-
dispositions to a large extent (78%), as well as cycling
(62%) and swimming predispositions (57%). The lower
percentage in swimming can be explained by “ambigu-
ity” of the somatotype suitable for swimming. Good
swimmers can have a higher proportion of body fat;
on the other hand, excellent swimmers are also among
ectomorphs with long segments of lower and upper ex-
tremities. The arising question is whether a test of the %
of body fat is no more a mediator or moderator (Baron
& Kenny, 1986) than a manifest (dependent) variable
and whether it does not enter into other relationships.
Our result was in accordance with already mentioned
research (Landers, Blanksby, Ackland, & Smith, 2000),
in which the regression coefficient was calculated from
times from races in individual disciplines, not from the
path diagram.
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CONCLUSIONS

We created a structural model of predispositions for
short triathlon that explained 91% of all cross-correla-
tions (Goodness of Fit Index /GFI/ 0.91, Root Mean
Square Residual /RMSR/ 0.13).

On the basis of confirmatory factor analysis, predis-
positions of triathlon were divided into five groups as for
the fields of swimming, cycling and running (according
to individual disciplines) and for the area of aerobic and
psychological predispositions. We recommend applying
these tests for talent selection in the triathlon for the age
group of 17-19 years.

The maximum possible factor weight, with regards to
the general factor, was found in aerobic predispositions
(1.00; 0), a very significant factor weight was measured
in running predispositions (-0.85; 0.28), followed by
swimming (-0.61; 0.63) and cycling predispositions
(0.53; 0.72). The lowest effect was found in psychologi-
cal predispositions (0.36; 0.87).

The ratio of ECM/BCM predicted most precisely
predispositions for the cycling part (R?= 0.68), consider-
ably worse running predispositions (R?> = 0.27) and even
less swimming predispositions (R? = 0.15).

The value of percentage of body fat predicted most
accurately predispositions for running part of triathlon
(R? =0.78), less accurately for cycling part (R?> = 0.62)
and the least predispositions for swimming (R? = 0.57),
howeyver, all values measured are relatively high.

Tests of specific joint mobility best predict swim-
ming predispositions (R? = 0.69), significantly worse
running predispositions (R? = 0.32) and the worst cy-
cling predispositions (R? = 0.13).

This model is currently used as a tool for the evalu-
ation of the conditions for entry into the junior and
U23 triathlon team. Its financial requirements are due
to small representation of the budget. The possibility to
assess the level of assumptions and to correctly diversify
financial resources of competitors is more economical.
For the selection of talent in the younger categories, we
tend to reduce some tests.
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OVERENI MODELU IDENTIFIKACE
PREDPOKLADU V TRIATLONU -
STRUKTURALNI MODEL
KONFIRMACNI FAKTOROVE ANALYZY
(Souhrn anglického textu)

VYCHODISKA: Triatlon je kombinaci tfi odlisnych
sportll - plavani, cyklistiky a béhu. Kazdy z nich vyza-
duje odlisné predpoklady, a komplexni pfistup k vybéru
talentu je tak pomérné slozity proces. Pokusy identifi-
kovat predpoklady v triatlonu byly doposud ojedinélé
a zamérovaly se pouze na né€které oblasti (funkéni pred-
poklady, motorické testy, psychologie). Nejnovéjsi stu-
die opomijeji strukturalni pfistup a vychazeji zpravidla
z determinant sportovniho vykonu, teorie sportovniho
tréninku a expertniho posouzeni.

CILE: Cilem nasi prace bylo ovéfit model piedpo-
kladt v kratkém triatlonu pro kategorii muzi (juniort)
ve véku 17-20 let.

METODIKA: Vyzkumny soubor byl tvofen 55 triat-
lonisty - muzi zafazenymi do sportovnich center mla-
deze v Ceské republice v triatlonu ve véku 17-20 let.
Pro ovéfeni modelu jsme pouZili konfirmacni faktorovou
analyzu a Path diagram, které umoznuji vysvétlit vzajem-
nou souvislost mezi pozorovanymi jevy. Pro zpracova-
ni dat jsme pouzili metody strukturalniho modelovani
(SEM) a software Lisrel L88.

VYSLEDKY: Studie ovéfila strukturalni model
predpokladt pro triatlon pro kategorii muzi ve véku
17-20 let, ktery se sklada ze sedmnacti indikatord (testi)
a vysvétluje 91 % vSech vzajemnych korelaci (Goodness
of Fit Index /GFI/ 0.91, Root Mean Square Residual
/RMSEA/ 0.13). Testy predpokladii pro triatlon byly
rozdéleny do péti skupin, tfi pro oblast motorickych
predpokladid (plavani, cyklistika, béh), dale predpoklady
funkéni a psychické. Maximalni moZnou faktorovou vahu
ke generalnimu faktoru predstavovaly funkéni predpokla-
dy (1,00; 0). Velmi vyznamnou vahu pak mély béZecké
predpoklady (-0,85; 0,28) a potvrzuje se, Ze bézecké
dispozice maji v rozhodujicich fazich zavodu nejvyssi
prioritu. Nizsi faktorovou vahu predstavovaly pfedpo-
klady pro plavani (-0,61; 0,63) a cyklistiku (0,53; 0,72).
Nejnizsi vaha byla zjisténa u psychickych predpokladi
(0,36; 0,87).

ZAVERY: Ovéfili jsme model predpokladii a bate-
rii testll pro vrcholové triatlonisty juniorské kategorie.
Model je v soucasnosti vyuzivan v Ceské republice, kde
slouZzi pro vybér sportovnich talentd v systému SCM.

Klicova slova: vrcholovy sport, posuzovdni talentu, vybér
talenti, vytrvalost, diagnostika, strukturdlni modelovani.
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