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abstract
Introduction: The somatotype has been identified as one possibility to qualify the physique of an individual through 

application of the anthropometric method to serve as a supplementary method to determine the individual´s physical com-
position.

Aim: The study aims to evaluate the impact of skinfolds measurement on the somatotype endomorphic and mesomorphic 
component determination by comparing the measurement results of individuals with little experience.

Methods: To carry out this study, we recruited students from the Department of Physical Education, Pedagogical Faculty. 
The group of workers with little experience consisted of four randomly selected students who attended a seminar serving the 
purpose of  learning the skinfold measuring technique. An expert in this area was asked to lead the seminar. The individual 
calculations were carried out by means of the statistic product SPSS 15.0.

Results: The results of our investigation showed difficulty in skinfolds measurement accuracy, in particular, with respect 
to an experience and training in the applied methodology. They showed that the students measured reliably, but with a sys-
temic error. While the measurement of skinfold suprailiac proved to be the least problematic, the measurement of skinfold 
on the calf showed to be most problematic.

Conclusion: The study showed that in the area of measuring the impact of the skinfold on the components of soma-
totype, the monitored faults of measurement do not influence the result of mesomorphy component value. As a result of 
the endomorphic component value, the mentioned faults are clearly visible (the differences in the result are statistically 
significant).
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introduction
The somatotype serves as one of the possibilities 

of measuring the physique of an individual by ap-
plying the anthropometric methods that serve as the 
supplemental methods for the physical composition 
(1,2). The evaluation is based on relationship among 
three morphological components the values of which 
are calculated from the anthropometric measure-
ments. The first - endomorphy component relates 
to the relative obesity or slimness of the individual, 
the second – mesomorphy component relates to the 
relative muscle skeletal development in relation to 
the stature, and the third – ectomorphy component 
relates to the relative length of the parts of the body 
(3). The somatotype provides us with information on 
some somatic signs of the individual that we can use 
not only for following the ontogenesis of an individual 
at various age (4-8), but also for investigation of his/
her somatic conditions for a given sports event at the 
selection of sports talents (9). The importance of so-
matic characteristics of an individual (somatotype) in 
sports is supported by earlier publications (10-14) and 
current studies (15-22) that focus  on characteristics 
of the top sportsmen of the representation selections 

in various age categories. The P.T. students are an im-
portant monitored group as they follow a curriculum 
that requires a special sports performance. The authors 
mainly followed the somatic characteristic of these 
students in relation to the curriculum this population 
group followed (13, 23-25).

With respect to the applied measuring methodo-
logy (technology of measuring the skinfolds thickness 
and components calculation), the question of relia-
bility of these measurements arises. Can the results 
of the measurements performed by various authors 
without proving their objectivity be compared? While 
the methodologies of measuring individual anthropo-
metric parameters are accurately described and unified 
(including a sufficiently exact armamentarium), given 
our experience, certain abnormalities can appear when 
measuring the thickness of skinfolds. The exactness of 
skinfolds measurement does not only depend  on the 
type of caliper used, but, predominantly, on the expe-
rience level of the person administering the measuring 
technique (localization and pulling out of skinfold). 
Therefore, we explored the question of reliability and 
objectivity regarding the measurement of the thickness 
of skinfolds in our study. 
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Due to the thickness of skinfolds measuring results 
influences the values of endomorphy and mesomorphy 
components, we will view the real significance of the 
obtained differences in relation to the changed values 
of relevant components (endomorphy and mesomor-
phy) of the somatotype of explored probands.

aim
1. Based on the repeated measurements of four skin-

folds (subscapular, suprailiac, on the triceps, and 
on the calf) with a caliper type Best by an expert (a 
worker with a substantial practical experience) to 
find out its reliability.

2. To verify the reliability of measuring at the choice 
of common academic population on the ground of 
comparing the results of measuring four skinfolds 
(identical with the measuring in point 1.) by an 
expert and workers with a short experience. In case 
of significant differences to evaluate the skinfolds 
influence on the values of endomorphy and meso-
morphy components of somatotype.

materials and methods
For accuracy of skinfolds measurement rating 

(repeated measurement by an expert) we recruited 
first year students with a concentration in Leisure 
Time Management, at the Department of Physical 
Education, Pedagogical Faculty - KTV PdF OU.  32 
students (18 men and 14 women) were administered 
this measurement procedure. 

For the second aim – comparing the results of me-
asuring four skinfolds by an expert and workers with 
a short experience, the 3rd year students majoring in 
the pedagogy study – TV specialization at KTV PdF 
OU (n = 25 students, 7 men and 18 women). 

The group of workers with a short experience 
consisted of four randomly selected students of the 
seminar. The purpose of the seminar was to gain 
an experience in the skinfolds thickness measuring 
technique. Due to a great experience in this area, the 
seminar lecturer was asked to perform this position.   

The measurement for the first aim accomplishment 
(repeated measurement by an expert) due to a higher 
number of students was carried out in two stages (16 
students were measured in every stage). On Tuesday 
there was measured the first group and on Wednesday 

the same week there was measured the second group. 
The measurement was repeated within one week when 
every group again was measured on the same day and 
at the same time as in the first measurement.

The measurement for the second aim accomplish-
ment (comparing the results of measuring by an expert 
and workers with a short experience) was carried out 
with the selected group of students on the same day.  

The measurements were always carried out in 
the alphabetical order. The values of skinfolds were 
measured at individual persons gradually in a given 
sequence. The expert measured all anthropometric 
parameters that were necessary for determination 
of somatotypes in the selected group. The methodo-
logy Heathová-Carter (3) was used and thoroughly 
observed for the somatotype determination. There 
was measured the stature, body weight, biepicondylar 
parameter of humerus and femur, circumference of 
contracted shoulder, maximum circumference of the 
calf and skinfold subscapular, suprailiac, on the triceps 
and on the calf (1). The values were always measured 
on the right side of the body. The values of individual 
components were calculated by means of ANTROPO 
program.

We characterized all monitored variables by the 
basic descriptive statistic measures. The normality of 
their distribution was verified by Kolmogorov-Smir-
nov and Shapiro-Wilka tests. The reliability of measu-
ring by an expert is verified through the coefficient of 
stability (rstab). The difference in both measurements 
was qualified by a paired t-test. 

We used Cronbach‘s coefficient α, coefficient of 
absolute reliability R*(for a single measurement) for 
evaluation of the consistency of expert’s measuring 
and measuring of workers with a short experience. The 
values of these measurement averages were analyzed by 
applying the analysis of variance (ANOVA). The cal-
culations were carried out by means of the statistic 
product SPSS 15.0. The significance level α=0.05 was 
determined for all tests.

results
1. The reliability of measuring by an expert

Table 1 presents the basic descriptive characteristics 
of the skinfolds measurement at the group being under 
examination (n = 32).

Table 1. Basic descriptive statistics of the examined body

Skinfold
x (mm)

S V
1. meas. 2. meas.

subscapular 7.3 8.1 2.7 2.5 0.37 0.31
on the triceps 12.5 13.1 5.5 5.6 0.44 0.43

suprailiac 9.6 8.8 6.8 6.0 0.70 0.68
on the calf 11.5 11.5 5.3 5.2 0.46 0.46

x - mean   S - standard deviation V - coefficient of variance
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The normality of distribution was disrupted at the 
suprailiac when there was disrupted the skewness at 
the first and second measurement, and at the second 
measurement we also registered the disturbance of 
sharpness (kurtosis). At the subscapular we noted 
the disturbance of skewness and sharpness in both 
measurements. 

The coefficients of stability in measuring the 
thickness of individual skinfolds together with testing 
the relevance of difference measured by paired t–test 
(Table 2). The significance of difference in average 
values of both measurements showed only at the va-
riables where the skewness and sharpness of normal 
distribution were strongly disrupted. The disturbance 
of assumed distribution normality at the monitored va-
riables in the paired t–test could be one of the reasons 
of ascertained statistical significance.

components was noted (Table 3) and the reliability of 
measuring these components verified by test-retest 
method is very high. 

Table 2. Coefficient of stability and relevancy of paired  
t-test gained at the expert

Skinfold rstab
absolute 

difference t-test

subscapular 0.891 0.8 *
on the 
triceps 0.936 0.6

suprailiac 0.970 0.8 *
on the calf 0.970 0

rstab – coefficient of stability    * p<.05

Table 3. Values of morphological components of both me-
asurements by an expert

Component
x (mm) S

r1. 
meas.

2. 
meas.

1. 
meas.

2. 
meas.

endomorphy 3.1 3.14 1.24 1.12 0.975
mesomorphy 3.94 3.89 1.15 1.07 0.975

x - mean S - standard deviation r – correlation coefficient

Crucial for our examination is the appraisal of the 
real significance based on the changes in monitored 
somatotype components. At the repeated measuring 
no proved significant differences at both monitored 

Table 4. The results of measuring skinfolds

Skinfold Expert  
(mm)

Student 1 
(mm)

Student 2 
(mm)

Student 3 
(mm)

Student 4 
(mm)

Subscap.
x 10.5 8.3 8.7 10.5 7.0
s 3.8 3.3 3.3 3.5 1.8

Suprail.
x 7.1 7.2 7.6 9.6 7.1
s 3.9 3.5 3.6 4.6 3.3

Triceps
x 17.1 11.6 11.5 14.8 13.6
s 6.2 4.8 4.6 5.5 5.6

Calf
x 16.0 9.8 8.7 14.7 13.2
s 7.5 5.5 4.6 4.7 6.0

x - mean s – standard deviation

2. Comparison of measuring results by an expert and 
workers with a short experience

At the first look at Table 4 (descriptive statistic 
characteristics of skinflods measurement results) it 
is obvious that there are significant differences be-
tween the values measured by worker with various 
experience level. 

The values of Crombach‘s coefficient α and abso-
lute reliability coefficient (R*) are shown in Table 5. 
The found out values are relatively high and they 
are between 0.707 and 0.959. In physics the value of 
Crombach‘s coefficient α > 0.8 (26) is considered as 
an acceptable reliability.

From Crombach‘s coefficient α the reliability of 
the measurement average can be assessed and from 
absolute reliability coefficient (R*) the reliability of 
individual measurement can be assessed. Crombach‘s 
coefficient α determines the consistency from coeffi-
cients of correlation between individual measurements 
(it means regardless the systemic measurement error). 

Table 5. Values of coefficients of reliability 

Coefficients Subscap. Suprail. Triceps  of three folds Calf
α 0.929 0.935 0.935 0.959 0.924
R* 0.724 0.742 0.741 0.824 0.707

α - Crombach´s α R* - coefficient of absolute reliability
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By collecting the results of measurements of the same 
group tested by workers with  various experience level, 
we can consider the average result as highly reliable. In 
case of a single worker results, we have to be cautious 
because   R*  0.8.

We used ANOVA to determine the difference in 
the average values measured by individual workers. 
The conditions for its application were satisfied at all 
measurements (and their totals) except the thickness 
on the calf. In order to ensure the condition of di-
stribution normality, we transformed the original 
variable into a new variable which was analyzed. The 
statistically significant difference of workers´ measu-
rement averages was proved in all monitored cases. At 
a closer look at the post hoc (Duncan´s test) analysis, 
our results showed that the expert ´s measurement 
always statistically significantly varied from those of 
the workers with little experience. Thus, the measure-
ments of workers with various experience level cannot 
be considered identical. 

In the group of workers with little experience, no 
proved statistically significant difference in measuring 
the skinfolds and their total, except for the thickness 
of skinfold on the triceps (Table 6), were found. 

Table 6. Results of Duncan’s test of mean of measuring 
skinfold on the triceps 

Worker n Group 1 Group 2
Student 2 25 11.5
Student 1 25 11.6
Student 4 25 13.6 13.6
Student 3 25 14.8

discussion
It is shown the results from measurements of wor-

kers with a short experience can be considered to be 
identical except for casual deviations. The difference 
in measuring the skinfold thickness on the triceps is 
not considered to be objectively too significant.

There is a question whether the statistically proved 
difference in measuring skinfolds between an expert 
and a group of workers with a short experience has 
a real influence in light of setting the mesomorphy 
and endomorphy components of somatotype. For the 
endomorphy components determination there is used 
a simple sum of three skinfolds (on the triceps, sub-
scapular, suprailiac) and this sum is then substituted 
in a regressive equation of a linear function (27). On 
the ground of this equation it is easy to prove that the 
4mm difference in sum of skinfolds means 0.5 point of 
endomorphy component. We found out the maximum 
difference of 7 mm in the results between an expert 
and group of workers with a short experience. Such 
a difference can be regarded as objectively significant 

because it presents approximately the value of 1 point 
of the endomorphy component as this component was 
evaluated with 0.5 point (3) accuracy. 

The mesomorphy component determination is 
calculated by a markedly more difficult method (from 
the physical height, width of epicondyls of humerus 
and femur, circumference of contracted shoulder by 
thickness of skinfold on the triceps, and maximal 
circumference of calf reduced by thickness of skinfold 
on the calf). By substituting the maximal differences in 
measuring the thickness of both skinfolds into a calcu-
lation equation of mesomorphy component of a person 
set up of the averages of individual component measu-
rements, the value changed only by 0.27 points. In the 
light of the above, we consider the regard the reported 
differences in measuring the thickness of skinfolds on 
the triceps and on the calf objectively insignificant for 
the values of the mesomorphy component. 

The results show that the various experience level 
of workers influences the evaluation of at least one 
component, thus the individual ´s classification in 
the corresponding category of somatotype, which is 
most often determined according to mutual relations 
of individual components (3,28,29). A faulty classifica-
tion falsifies the physique of the monitored individual 
which not only can result in faulty conclusions when 
selecting the individuals for the sports event (talents 
selection), but also in faults when preparing and run-
ning the training process (30,31).

conclusions 
With respect to the results of repeated expert´s 

measurements we can regard   the monitored tech-
nique of measuring the skinfolds as reliable and the 
differences between the repeated measurements as 
insignificant, because they did not appear in the final 
result of somatotype monitored components. 

When comparing the results of expert ´s measu-
rements and the measurements of workers with little 
experience, we noted a high consistency of measure-
ment valued by Crombach´s α. The arithmetic average 
of several workers´ measurements (with a different 
experience in a given measurement methodology) can 
be considered reliable in practice. In case adding three 
skinfolds thickness according to the physical demands 
on the measurement reliability (α > 0,8) we consider 
the individual measurements to be acceptably reliable. 
The least problematic proved to be the measurement 
of skinfold suprailiacal and the most problematic 
was the measurement of the skinfold on the calf. The 
absolute values of monitored skinfold measurements 
by experts and the measurements by workers with little 
experience cannot be considered to be identical. 

The mesomorphy components result is not signi-
ficantly influenced by the outcome  differences in 
skinfolds thickness measurement. As a result of the 
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endomorphy component, these differences are objec-
tively visible (to the extent of approximately one point 
of the endomorphic component).
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