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Abstract

Authors deals with the problematics of group classification of athletics disciplines, which influence the sports
performance in the men's decathlon. For the group identification, the indicators of the best world's performance
in decathlon above the 8000 points according to the data from IAAF (1986-2019) were used. From the
classification methods of clustering the hierarchical models as the Average linkage (Between & Within-group),
Single Linkage - Nearest neighbor, Complete Linkage - Farthest neighbor, Centroid linkage, Median clustering,
and Ward’s method were used. The substructure of the clusters is differentiated according to the relations of used
methods. All seven clustering methods agreed in four groups of disciplines in 4 cluster [100 meters, 400 meters,
Long jump, 110 meters hurdles, Pole vault] [High jump] [1500 meters]. Stability test with a substructure of
decathlon of 4th. cluster is identified in 85.71% cases. Hierarchical models allow identifying groups of athletics
disciplines that influence the sports performance in men's decathlon. Understanding the structure of sports
performance contributes to the streamlining of the training process and determining the typology of top-class
decathletes.
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Introduction

Decathlon requires great motor and technique skills of every single individual. The individuals should
have a relatively tall body disposition with great speed-strength and endurance assumptions and feeling for the
movement coordination (ThringandHoracek, 1978;Ryba 2002). The essential tasks of decathlon training include
the development of special factors of motoric abilities and improvement of the technique of individual decathlon
disciplines (Koukal, 1985; Vinduskova and Koukal, 2003). The division of decathlon disciplines plays an
important role here. It is well known from the experiences that after a 100 meters and Long jump it is difficult to
compete in Shot put. There are considerable problems with the 1500 meters as the final endurance discipline in
the decathlon. Individuals with an innate disposition for the long-term cyclic work have an advantage here.
Decathlons on the lower performance level indicate the low versatility of the athletes (Brod’ani, 2006). It is well
known that in the lower performance level, there is a preference for running and jumping disciplines over
technical-throwing disciplines.

Decathlon is a complex athletics discipline in which is necessary to respect the requirements of
individual disciplines (Vinduskovaand Koukal, 1987). The top-class decathlon is by its specificity and structure
share of individual disciplines characterized by versatility but also by unilaterality of some disciplines (Cox and
Dunn, 2002; Dawkins et al. 1994; Shen and Huang, 2012). Complex relationships and connections in the
performance structure of decathlon point to the different focus and content of training units at different levels of
sports performance (Schomaker and Heumann, 2011; Zhang and Lu 2014). Knowing the share of individual
disciplines in the decathlon at different levels of sports performance creates space for a better understanding of
the complexity of the disciplines and to better understand the difficulty in the training process. The clarification
of the structure of performance by individual decathlon disciplines allows trainers and athletics coaches to be
better oriented in the intricate structure of relationships and connections, and it also allows them to understand
the share of preparedness in each discipline (Kenny et al., 2005; Park and Zatsiorsky 2011;Zatsiorsky and Godik,
1962; Woolf et al,, 2007). The isolation of every common in the character of decathlete’s trainability,
determining the hierarchy of requirements for the training process in addition to observing the general rules, it is
necessary to create adequate space for respecting the athlete's personality and his advantages and disadvantages
(Pavlovic andldrizovic, 2017;Etcheverry 1995;Bilic et al., 2015;Kostial, 1993; Walker andCaddigan 2015;
Wang and Lu, 2007).

Aim

The aim of this article was to identify groups of athletic disciplines that affect the sport performance in
men’s decathlon with an average performance of 8282.75 points. The secondary aim was to explain the typology
of top-class combined event athletes and the focus on the training process.
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Material &Methods

The accumulated empirical material is a collection of the sports performance parameters in the decathlon of
N = 255 world's best performances based on available data from IAAF to December 31. 2019 (1986 - 2019),
with the average sports performance of M = 8282.75 points, with the standard deviation SD = 232.74 (Max =
9126 points, Min = 8001 points) see table 1. For the analysis, the point values of all disciplines from each day
were used. From the first day it was data from 100 meters (R100m), Long jump (LJ), Shot put (SP), High jump
(HJ), 400 meters (R40m), and from the second day 110 meters hurdles (R110mh), Discus throw (DT), Pole vault
(PV), Javelin throw (JT), and 1500 meters (R1500m).

Table 1: Characteristics of sports performance of men decathletes with the average sports performance of
8282.74 points

M SD Min Max
Marks (points) 8282.75 232.74 8001.00 9126.00
Run 100 m (s) 10.90 0.25 10.23 11.73
Long jump (m) 7.43 0.26 6.72 8.11
Shot put (m) 14.66 0.92 12.08 17.32
High jump (m) 2.01 0.07 1.76 2.21
Run 400 m (s) 48.88 1.07 45.00 53.01
Run 110 m hurdles (s) 14.47 0.38 13.47 16.11
Discus throw (m) 44.77 3.48 35.58 55.22
Pole vault (m) 4.90 0.25 4.30 5.70
Javelin throw (m) 61.02 5.60 46.75 79.05
Run 1500 m (m:ss.00) 4:34.87 0:11.39 3:59.13 5:05.41
Run 100 m (points) 884.40 56.78 705.00 1040.00
Long jump (points) 919.01 63.18 748.00 1089.00
Shot put (points) 769.20 56.48 611.00 933.00
High jump (points) 817.58 68.19 593.00 1002.00
Run 400 m (points) 867.57 50.68 681.00 1060.00
Run 110 m hurdles (points) 914.51 47.73 720.00 1044.00
Discus throw (points) 762.45 71.70 575.00 980.00
Pole vault (points) 879.82 76.80 702.00 1132.00
Javelin throw (points) 753.52 84.36 541.00 1028.00
Run 1500 m (points) 714.70 72.75 529.00 960.00

The clustering algorithms for the classification of groups of athletics disciplines in the structure of
decathlon were used. A cluster hypothesis is a suitable way to express the quality of clustering by the degree of
separation of the described distribution (TrebuniaandBeres, 2010). Hierarchical clustering methods are based on
individual objects (each object creates a primary cluster). By their connecting, the number of clusters decreases
gradually at each step until all the clusters eventually come together in one unit (however, the procedure can also
be the opposite: from the initial-all object involving a cluster-smaller and smaller clusters are gradually divided
up to the individual objects). Hierarchical methods leading to the hierarchic (tree) structure which is graphically
displayed as a tree diagram - dendrogram (fig. 1). The objects in the dendrogram are ordered in order to follow
the gradual joining of objects into clusters. The classification of the clusters in groups of athletics disciplines and
sports performance in combine athletics events are also discussed in works of Bili¢ (2015), BilicandSmajlovié¢
(2012), Cox and Dunn (2002), Dziadek (2018), Frohlich et al. (2015), Gassmann, Frohlich andEmrich (2016),
Pavlovi¢ (2017), SchomakerandHeumann (2011), Trevor et al. (2002), Woolf, Ansley and Bidgood et al.
(2007).
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Figure 1:Tree diagram — dendrogram
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There are several clustering methods that differ in specific procedures and can lead to different results,
but they are mathematically statistically equivalent (therefore, it is recommended to test several methods and
select the optimal one according to the reached results). From the clustering classification methods were used in
our work hierarchical models as Average linkage (Between & Within groups), Single Linkage - Nearest
neighbor, Complete Linkage - Farthest neighbor, Centroid linkage, Median clustering, Ward’s method. To
determine the distance between variables, we chose the square Euclidean distance recommended by Wolf et al.
(2007) because of greater consistency than in the methods based on Pearson correlation. The results were
processed in MS Excel and IBM SPSS. Findings and conclusions are formulated based on the logical evaluation
of the obtained results.

Results

By finding a match between methods and comparing dendrograms at all levels, we found that all seven
methods created the same solutions in the 4th cluster (tab. 2, fig. 3-6). Hierarchical methods created four clusters
of disciplines [100m, 400m, LJ, 110mh, PV] [SP, DT, JT] [HJ] [1500m]. The largest cluster consists of three
sprint disciplines (100 meters, 400 meters, 110 meters hurdles) and two jumping disciplines (Long jump and
Pole vault). All disciplines are conditioned by speed and speed-strength abilities. The second cluster consists of
three throwing disciplines (Shot put, Discus throw, Javelin throw). All methods set aside High jump and 1500
meters into the single clusters. In the 2. cluster only 4 methods were identical, assigning a High jump and 1500
meters to the second cluster of disciplines [100 m, 400m, LJ, 110mh, PV] [SP, DT, JT, HJ 1500m]. We have
identified five hierarchical methods in the 3rd and 5th clusters. In 3rd cluster was the High jump assigned to the
second group of disciplines, were 3 clusters of disciplines were created [100m, 400m, LJ, 110mh, PV] [SP, DT,
JT, HI] [1500m)]. In the first step of clustering (5th cluster) was set aside the Pole vault, Javelin throw, and 1500
meters into the single clusters whilst the sprint disciplines and Long jump create the largest groups along with
the throwing disciplines [100m, 400m, LJ, 110mh] [PV] [SP, DT, JT] [HJ] [1500m].

Table 2:Clusters of decathlon disciplines and matching hierarchical models

Cluster Clusters of disciplines Methods
2 [100m, 400m, LJ, 110mh, PV] [SP, DT, JT, HJ 1500m] 1,5,6,7
3 [100m, 400m, LJ, 110mh, PV] [SP, DT, JT, HJ] [1500m] 1,3,5,6,7
4 [100m, 400m, LJ, 110mh, PV] [SP, DT, JT] [HJ] [1500m] 1,2,3,4,5,6,7
5 [100m, 400m, LJ, 110mh] [PV] [SP, DT, JT] [HJ] [1500m] 1,3,5,6,7

Method codes: 1. Average linkage (Between groups), 2. Average linkage (Within groups), 3. Single Linkage -
Nearest neigbor, 4. Complete Linkage - Farthest neigbor,5. Centroid linkage, 6. Median clustering, 7. Ward's
method.

The classic scaling graph displays groups of decathlon disciplines on the sides of graph and presenting the
clustering options of 2-5 cluster (fig. 2)
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Figure 2:Classic scaling graph of decathlon disciplines from the 255 best performances of the world.

3255

JPES ®  www.efsupit.ro



JAROSLAV BRODANIL NATALIA DVORACKOVA, MONIKA CZAKOVA

] 5 10 15 20 25

1 1 1 1 1
R100m 1 J
R400m 5

R110mh

Py

SP J
LT 7

H ]

R1500m 10
Figure 3:Dendrogram presenting the same representation by methods of Average linkage (Between Groups),
Median linkage and Ward linkage
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Figure 4:Dendrogram by the method of Average linkage (Within Groups)
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Figure 5: Dendrogram by the method of Single Linkage - Nearest neighbor
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Figure 6: Dendrogram by the method of Complete Linkage - Farthest neighbor

Stability test

We examined the stability of the 4th cluster calculation by the series of tests by using all seven methods.
Decathlon sample was divided into two groups containing the first 156 data (8001-8295 points) and the
remaining 99 data (8302-9126 points). The dendrogram was obtained from each subgroup. All subgroups
reproduced the same solutions in four clusters of disciplines [100m, 400m, LJ, 110mh, PV] [SP, DT, JT] [HJ]
[1500m] by the methods of Average linkage (Between groups), Complete Linkage - Farthest neighbor, Median
clustering. The consistency showed tests of Single Linkage - Nearest neighbor and Centroid linkage in the
subgroup of 8001-8295 points, and tests of Average linkage (Within Groups) and Ward’s method in the
subgroup of 8302-9126 points (fig. 7). The remaining methods did not have consistency with the above structure
of clusters in the 4th cluster. The stability test with the substructure of decathlon in the 4th cluster is 85,71%.
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Figure7:Dendrogram representing the equal display of stability tests by the methods of Average linkage
(Between Groups), Median linkage a Ward linkagein two differentiated subgroups (8001-8295 points and 8302-
9126 points)

Discussion

Our results are following the results of authors Woolf, Ansley and Bidgood (2007), who confirmed
through the six hierarchic methods the dominancy of running and jumping disciplines in 173 top-class
decathletes from the year 1986 to 2005. At the level of three clusters, they presented clusters of disciplines: 3-
cluster ([100m 400m 110mH LJ PV HJ] [SP DT JT] [1500m]), 4-cluster ([100m 400m 110mH LJ PV] [SP DT
JTT [HJ] [1500m]) and 5-cluster ([100m 400m 110 mH LIJ] [SP DT JT] PV] [HJ] [1500m]).
On the other hand, Cox and Dunn (2002) claims that dominant athletes in decathlon are those who are successful
in the throwing and jumping disciplines. Similar results were reached in the study of Brod’ani et al. (2020) where
the focus was on the versatility of athletes with an emphasis on the throwing and jumping disciplines in average
performance over 8200 points [JT 13.34 %, DT 12.85 %, LJ 13.25 %, HJ 10.73 %, SP 10.57 %, 110mH 9.64 %,

3257

JPES ®  www.efsupit.ro



JAROSLAV BRODANIL NATALIA DVORACKOVA, MONIKA CZAKOVA

100m 9.55 %, PV 9.10 %, 400 m 8.38 %]. According to Kostial' (1993), in the top ten decathletes with an
average performance of 8490.28 points, two disciplines from the first day participated in their final performance
LJ 15.24 %, SP 13.41 %, DT 12.82 %, 110mH 12.63 %, PV 11.13 %). Decathlon with average performance at a
lower level around 7219.91 points refer to a low versatility of decathletes and preference of running and jumping
disciplines (100 m 17.62 %, LJ 15.94 %, PV 14.21 %, 110mH 13.85 %) over technical-throwing disciplines
(Brod’ani, 2006).

Pavlovi¢ and Idrizovi¢ (2017) in their study analyzed world record holders between 1984 and 2016.
Through the factor analysis, they defined the typology of decathletes as a jumper-thrower-runner [PV, HJ, DT,
SP, 400m, 110mH]. By the cluster analysis of top-class decathletes and their performances, Pavlovi¢ (2017)
classified in the first group the runner-jumper type of decathlete through disciplines [100m, 110mH, 400m, PV,
LJ]. In a similar study Park andZatsiorkij (2011) identified the prediction factors utilizing factor analysis.
According to them, the performance in the decathlon was mainly influenced by disciplines [100m, 400m,
110mH, LJ]. In a complex relationship structure between disciplines of the decathlon, we can characterize
today’s athletes as versatile with high performance in running and jumping disciplines conditioned by a quality
performance in throwing disciplines.

Conclusion

Hierarchical models allow identifying the groups of athletics disciplines affecting the sports
performance with an average of 8282,75 points in men's decathlon.

Utilized hierarchical clustering methods selected four groups of disciplines on the level of 4th cluster [100
meters, 400meters, Long jump, 110 meters hurdles, Pole vault] [Shot put, Discus throw, Javelin throw] [High
jump] [1500 meters].

The first group is made of sprint-jumping disciplines with high speed and technical potential. Throwing
disciplines made the second group. Individual groups were created by High jump and 1500 meters. The stability
of the 4th cluster calculation is examined by a series of tests. The stability test was realized and compared
through all seven methods. The stability test with the substructure of decathlon in the 4th cluster is 85.71%.
Understanding the structure of sports performance contributes to streamlining the training process and
determining the world's top-class decathletes typology. The structure of athletics groups reflects the structure of
the training process, which is based on the versatility of decathletes with a dominance of sprint-jumping and
throwing character.
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