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The aim of this study was to identify the variables that better discriminate young swimmers’
biomechanical profile during a competitive season by a cluster analysis. Fifteen boys and
eighteen girls were evaluated three times throughout a competitive season. Arm span, chest
perimeter, stroke length, velocity, speed fluctuation, coefficient of active drag, propelling
efficiency and stroke index were selected as variables. Cluster and discriminant analysis
were computed, and MANOVA used to verify the gender and performance effects.
Swimmers’ classification is mainly determined by anthropometric, kinematic/efficiency and
hydrodynamic features. Throughout the season the changes in the clustering solution
suggests moderate-high stability in their biomechanical profile.

INTRODUCTION: Research about young swimmers’ biomechanical profile is scarce in
comparison to the body of knowledge regarding adult/elite counterparts. A longitudinal
research design allows understanding which domains and variables are more determinants
for the performance enhancement in different moments of a competitive season. One way to
assess the stability of the swimmers’ biomechanical profile throughout a time period is their
classification based on clustering solutions. Such approach allows verifying if the swimmer
remains or changes from cluster group in each evaluation moment. To the best of our
knowledge this research design was never attempted in competitive swimming. The aim of
this study was to identify the variables that better discriminate young swimmers’
biomechanical profile in three different time points (TP) during a competitive season and
assess its stability.

METHODS: 33 young swimmers (15 boys and 18 girls: 11.81 + 0.75 years old and Tanner
stages 1-2 by self-evaluation) participating on regular basis in regional and national level
competitions were assessed. Swimmers were evaluated in three different TP’s: (i) October
(TP1), close to the season’s first competition; (i) March (TP2), xlose to the winter peak
competition and; (iii): June (TP3), close to the summer peak competition.

Swimming performance was taken from the 100 m freestyle time lists event of official short
course (i.e. 25 m swimming pool) competition of regional or national level. The time gap
between data collection and swimming performance was made in less than two weeks.
Anthropometric measurements were based on arm span (AS) and chest perimeter (CP)
assessments measured with a flexible anthropometric tape (RossCraft, Canada). Swimmers
were in in the upright orthostatic for the AS simulated the hydrodynamic position for the CP
measurements.

For kinematic assessment each swimmer performed three freestyle swim trials of 25 m with
underwater start. For further analysis the average value of the three trials was computed. A
speedo-meter cable (Swim speedo-meter, Swimsportec, Hildesheim, Germany) was used to
collect swimming velocity (v), stroke frequency (SF) and speed fluctuation (dv) during the
middle 15 m. Stroke length (SL) was measured as SL=v/SF.

In the hydrodynamic domain, coefficient of active drag (Cp,) was assessed with the velocity
perturbation method (Kolmogorov & Duplishcheva, 1992). Each swimmer performed two



maximal 25 m freestyle trials (with and without the perturbation object). Stroke index (SI) was
computed as SI= SL-v and propelling efficiency (n,) as reported by Zamparo et al. (2005).
Two clustering approaches were used: (i) a hierarchical cluster analysis using Ward’s linkage
method with the squared Euclidian distance measure; (ii) a k-Means (non-hierarchical) cluster
analysis. It was used standardized z-scores of the selected variables in the clustering
analysis. To identify the variables with highest influence in each cluster, clusters ANOVA
(including total eta square) and discriminant analysis (stepwise method) tests were computed
(P < 0.05). MANOVA using cluster group as the independent variable and swimmers’
characteristics (i.e. gender and swimming performance) and Bonferroni post-hoc test to verify
differences between each cluster in the different TP’s were also tested (P < 0.05).

RESULTS: Table 1 presents the swimmers’ classification computed with k-Means cluster
method (k = 3) for TP1, TP2 and TP3, respectively. ANOVA statistics revealed significant
variations in TP1 for almost all variables (P < 0.001), except for dv (P = 0.25). In TP2 there
were significant variations for AS, CP, SL, v, n,, Sl (P < 0.001) and Cp, (P = 0.03), but not for
dv (P =0.16). In TP3 there were significant variations for AS, SL, v, n,, SI (P <0.001), CP (P =
0.001) and Cp, (P = 0.002), but not for dv (P = 0.95) once again.

Table 1. Descriptive and ANOVA statistics by clustering in TP1, TP2 and TP3.

Cluster 1 (n = 15) Cluster 2 (n =7) Cluster 3 (n =11)
TP1 Mean * 1SD z Mean * 1SD z Mean * 1SD z F P n’
AS [cm] 165.26 +9.91  0.66 152.00+7.70 -0.54 151.81+7.98 -0.56 9.27 0.001 0.40
CP [cm] 82.55+4.32 0.74 73.82+3.94 -0.75 75.07+x457 -054 1398 <0.001 0.50
SL [m] 1.68+0.17 0.76 1.13+0.21 -1.27 1.41+0.12 -0.23 2715 <0.001 0.66
v [m-s”] 1.37+0.12 0.73 0.88+0.14 -1.50 1.20 +0.08 -0.04 4331 <0.001 0.76

dv [dimensionless] 0.10 £0.03 0.02 0.11 £ 0.04 0.48 0.08 £ 0.02 -0.33  1.47 0.25 0.10
Coa[dimensionless] 0.30 £0.08 -0.27 0.23 £0.09 -0.72 0.48 £0.19 0.82 9.02 0.001 0.38

Mo [%] 30.55+2.77 065 21.95+448 -125 27.24+255 -0.08 1811 <0.001 0.57

Sl [m?cts™] 2.31+0.36 0.81 1.02+033 -137 170022 -0.22 41.87 <0.001 0.75
TP2 Cluster 1 (n =7) Cluster 2 (n = 8) Cluster 3 (n = 18)

AS [cm] 173.00+9.73 118 159.75+9.05 -0.08 156.16+7.40 -0.42 10.39 <0.001 0.44

CP [cm] 87.78+366 122  7950+542 -015 77.93x473 -0.41 11.19 <0.001 0.29

SL [m] 116009 -0.03 1.45%0.11 1.44  1.04+0.10 -0.63 4409 <0.001 0.76

v [m-s”] 0.94+0.09 -021  1.30%0.13 154  0.87+0.07 -060 6125 <0001 081

dv [dimensionless] 0.13 +£0.06 0.63 0.10 £ 0.02 -0.09 0.09 £0.03 -0.21 192 0.16 0.12
Coa[dimensionless] 0.33+£0.05 0.27 0.38+£0.15 0.67 0.25+0.09 -0.40 4.20 0.03 0.24

Mo [%] 19.92+1.30 -0.48 27.84+295 148 19.99+205 -0.47 3926 <0.001 0.73

Sl [m?cts™] 1.10+015 -0.22 1.96 + 0.34 1.55 0.92+0.16 -0.60 66.76 <0.001 0.83
TP3 Cluster 1 (n = 11) Cluster 2 (n = 4) Cluster 3 (n = 18)

AS [cm] 162.00+7.40 -0.03 180.75+5.12 1.81 158.43+7.80 -0.38 1474 <0.001 0.59

CP [cm] 82.78+559 0.11  91.00+2.16 146 7967505 -0.39 844  0.001 0.45

SL [m] 120+012 -098 1.75+0.14 140  1.49+0.16 029 2519 <0.001 0.64

v [m-s”] 0.99+0.10 -1.12  154%0.05 154  1.29+0.10 0.34 5831 <0.001 081

dv [dimensionless] 0.10+£0.02  0.06 0.09 +0.01 005 0.09£0.03 -0.05 0.05 0.95 0.03
Coa[dimensionless]  0.32+0.12 -0.16  0.64+0.36 155 0.30+0.11 -024 7.86 0.002 042
Mo [%)] 2249+197 -1.15 29.07+1.18 056 29.15+246 058 33.14 <0.001 0.69
Sl [m?cts™] 1.20+022 -1.08 2.70+0.18 1.69 1.94 £ 0.26 0.28 6409 <0.001 0.83

In TP1, cluster 1 was related to a high CP, SlI, SL, cluster 2 was related to a high dv and
cluster 3 to a high Cp,. The variables that better discriminate the clusters in TP1 were the v (F
= 43.31; P < 0.001), the SI (F = 41.87; P < 0.001), and the SL (F = 27.15; P < 0.001).
MANOVA showed non-significant multivariate gender effect (F = 2.082; P = 0.142), but a
significant one for the swimming performance (F = 7.018; P = 0.003) in cluster groups (Awiks=
0.625, P = 0.008; Apiiais = 0.378, P = 0.012). Bonferroni pairwise comparisons showed



significant differences (P = 0.05) between cluster 1 and 2. In TP2, cluster 1 was related to a
high CP and AS, cluster 2 was related to a high SlI, v and n, and cluster 3 was related to a
high dv and Cp,. As for TP1, the variables that better discriminate the clusters in TP2 were the
Sl (F = 66.76; P < 0.001), the v (F = 61.25; P < 0.001) and the SL (F = 44.09; P < 0.001).
MANOVA showed non-significant multivariate gender effect (F = 1.171; P = 0.324), but a
significant one for the swimming performance (F = 7.344; P = 0.003) in cluster groups (Awiks =
0.659, P = 0.015; Apjiais = 0.346, P = 0.021). Bonferroni pairwise comparisons showed
significant differences (P = 0.05) between cluster 1 and 2. In TP3, cluster 1 was related to a
high CP and dv. Cluster 2 was related to a high AS and SI. And cluster 3 was related to a high
np and v. The variables that better discriminate the clusters in TP3 were the SI (F = 64.09; P <
0.001), the v (F = 58.31; P < 0.001) as happened for TP1 and TP2, plus the n, (F = 33.14; P <
0.001). MANOVA showed significant multivariate gender (F = 3.521; P = 0.042) and
swimming performance (F = 9.449; P = 0.001) effects, in cluster groups (Awixs= 0.582, P =
0.003; Apilais = 0.431, P = 0.005). For gender, Bonferroni pairwise comparisons showed
significant differences (P = 0.05) between cluster 2 and 3. As for performance, there were
significant differences between cluster 1 and 2; and cluster 2 and 3. So, cluster 1 can be
tagged as “anthropometrics”, cluster 2 “efficiency” and cluster 3 “hydrodynamics” with a
performance but not a gender effect on it.

Stepwise discriminant analysis, for TP1, extracted 2 functions including CP, v and Cp, (fig.
1A). Function 1 is mainly defined by v and CP, explaining 69.3 % of variance (A = 0.105; X?(6)
= 65.22; P < 0.001). Function 2 is mainly defined by Cp,, explaining 30.7 % of variance (A =
0.426; X?(2) = 24.75; P < 0.001). Classification functions (90.9 % of original grouped correctly
classified) were: Cluster 1 = 4.438-CP + 59.136-v - 41.329-Cp, - 218.227; Cluster 2 =
4.241-CP + 24.009-v - 41.61-Cp, - 163.88; Cluster 3 = 3.894-CP + 51.29-v - 24.039:-Cp, -
172.327. Stepwise discriminant analysis, for TP2, extracted 2 functions including AS and Sl
(fig. 1B). Function 1 is mainly defined by SI, explaining 89.2 % of variance (A = 0.089; X? (4) =
71.37; P < 0.001). Function 2 is mainly defined by AS explaining 10.8 % of variance (A =
0.593; X?(1) = 15.41; P < 0.001). Classification functions (87.9 % of original grouped correctly
classified) were: Cluster 1 = 2.82-AS - 26.602-SI - 230.789; Cluster 2 = 2.571-AS - 26.152-SI -
189.336; Cluster 3 = 2.292-AS + 1.608-Sl - 186.065. Stepwise discriminant analysis, for
TP3, extracted 2 functions including AS, SL, v, Cp, and SI (fig. 1C). Function 1 is mainly
defined by SI, v and SL, explaining 65.4 % of variance (A = 0.03; X?(10) = 95.81; P < 0.001).
Function 2 is mainly defined by AS and Cp, explaining 34.6 % of variance (A = 0.23; X (4) =
40.63; P < 0.001). Classification functions (100 % of original grouped correctly classified)
were: Cluster 1 = 3.81-AS + 2285.71-SL + 2387.87-v - 80.711-CDa - 1842.30-SI - 1758.55;
Cluster 2 = 4.08-AS + 2108.83-SL + 2202.50-v - 59.25-CDa - 1694.27-SI - 1609.38; Cluster 3
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Figure 1: Territorial map of the two canonical discriminant functions in TP1 (1A), TP2
(1B) and TP3 (1C), respectively.

Table 2 presents the cluster membership at TP2 and TP3, tabulated against cluster
membership at TP1. In the 3 TPs, cluster 3 (i.e. hydrodynamics) presented the highest
stability ranging between 50 % (TP2 vs TP3) and 81.8 % (TP1 vs TP3), followed by cluster 1
(i.e. anthropometrics) ranging from 28.6 % (TP2 vs TP3) to 47 % (TP1 vs TP2). Cluster 2 (i.e.
efficiency) showed the lowest stability ranging from 0 % (TP1 vs TP3) to 28.6 % (TP1 vs TP2).
Overall, it seems to exist moderate-high stability in the clustering membership.



DISCUSSION: In all 3 TP’s the variables that better discriminate the clustering solutions were
mainly the v, SI and SL. These variables are reported in the literature as highly correlated
and/or with direct effect with swimming performance in children (Barbosa et al., 2010a). There
was a nhon-significant gender effect in TP1 and TP2. However, a gender effect was verified
between cluster 2 and cluster 3 in TP3. This difference was related to anthropometric
variables, meaning that biological maturation starts to play a role. Performance had a
significant effect in all 3 TP’s. Swimmers with high kinematic skills (in the 3 TP’s) are the
fastest ones, as these variables were those that better discriminated the clustering solutions.
Stepwise discriminant analysis extracted 2 functions in all 3 TP’s. The variance reported by
these functions, was mainly explained by the “anthropometrics” and “kinematics” once again,
as it happened for the cluster analysis. In TP 1, the 2 functions included v, CP and Cp,
explaining 69.3 % and 30.7 % of variance, respectively. In TP2, included S| and AS,
explaining 89.2 % and 10.8 % of variance, respectively. And in TP3, included SI, v, SL and AS
and Cp, explaining 65.4 % and 34.6 % of variance, respectively. Regarding cluster and
discriminant analysis, young swimmers can be classified according to their “anthropometric”,
“kinematic” and “hydrodynamic” characteristics. As for the cluster membership, the highest
changes in TP1 vs TP2 and TP2 vs TP3 were due to an improvement in the hydrodynamic
position. In TP1 vs TP3, changes were due to anthropometric variables. Young swimmers
change their kinematic pattern during a competitive season, and this might be due to their
anthropometric growth and development processes (Latt et al., 2009). Data from this research
suggests that there is a wide intra-individual stability (i.e., between moderate to high) since
the cluster membership throughout the season changes for a large part of the swimmers
assessed.

Table 2. Cross-tabulations between cluster membership at different TP’s.

Cluster 1 Cluster 2 Cluster 3

TP1vs TP2 n % n % n %

Cluster 1 7 a7 0 0 0 0

Cluster 2 3 20 2 28.6 3 27.3

Cluster 3 5 33 5 71.4 8 72.7
TP2vs TP3

Cluster 1 2 28.6 0 0 9 50

Cluster 2 3 42.8 1 12.5 0 0

Cluster 3 2 28.6 7 87.5 9 50
TP1vs TP3

Cluster 1 5 333 4 57.2 2 18.2

Cluster 2 4 26.7 0 0 0 0

Cluster 3 6 40 3 42.8 9 81.8

CONCLUSION: Young swimmers’ classification is mainly determined by anthropometric,
kinematic/efficiency and hydrodynamic features. Through the season their changes in the
clustering solution suggests moderate-high stability.
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